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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 natural
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 Prosopis chilensis. Araucaria araucapa
constitutes temperate relic forests of high mountains in the
austral region of South America. Prosopjs 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 20°C. The temperature

most often reaches between 50° to 60°C 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 manmals.

On thermal stress we have performed heat shock
exper iments investigating how seeds and seedlings of these
trees respond to high temperature. We have also studied the

magnitude of acquisition of thermoteclerance when the seedlings
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are exposed to sublethal temperatures. In both species, we
have teen able to define the lethal and sublethal temperatures
and the temperature of thermotolerance acquisitior:  36°C in A.
araucana and 40°C in pP. chilepsis.

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 ['S]-methionine which is a
precursor of protein sypnthesis; the proteins have been
analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and by Western blot analysis wusing 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 thére is a high expression of hsp. The
physiological and molecular experiments have allowed to

demonstrate that Prosopis c¢chilensis has a thermotolerance

higher in 5°C compared with Araucarijia araucana and corn

plants.

Regpect to wound stress, we have investigated the
expression of cell wall protein genes under wound stress and
normal conditions. Araucaria araucana seeds and seedlings
respond to wounding with a high =2xpression of cell wall

proteins. Tissue immunoprints and tissue print Northern to
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detect the in 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
Araucaria araucana 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 SM wurea and in expression during seed germination. These
results suggest that these proteins could be forms of the same
class of peroxidase. In Prosopis chilensis, Western blot
analysis of the cell wall proteins performed with antibodies
raised against carrot extensin, deomonstrated 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 1is wounded favor the idea

that wound ctress advances the developmental clock in Proscpis

chilensis seedlings.



4. RESEARCH OBJECTIVES:

The original and specific objective: - of this
project was to investigate the expression of genes responsible
for 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 arauycana.
Both trees are well adapted to their harsh environment. They
are living under conditiong 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 becadse 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 requlatory mechaPisms 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 1in Prosopis c¢hilensis and megagametophyte
and seedling hypocotyl of Araucarja araucana) to temperature

stress and Lo injurv stress through synthesis of temperature
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3hock proteins (heat shock) and accumulation and synthesais 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 wusing Southern blot
hybridization techniques with heterologous probes available.

3. To investigate the control and regqulation of the
synthesis of these proteins, by quantitative determination of
the mRNA using Morthern blot hybridization with the DNA probes
available.

4. To characterize the ,temperature shock proteins and the
KRGPs 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 1locaticns of these proteins and to
study the possible relationship between HRGPs and

lignification.

6. To develop én "in wvitro" culture system of embryoc cell
protoplasts and synchronized dividing cells 1in 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 1in the natural populations of Prosopis
chilencsis and Araucaria arauc , the degree of expression of
the genes involved In temperature shock protelns and HRGPs as
@ mean to select individual trees which have significantly

increased amounts of these proteins. Therefc-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 vegetative

propagation of the selected individual trees, evaluating the

stability of the selected phenotypes (high degree of expression for

heat shock prcteins and HRGPs) and selected genes.

5.

METHODS AND RESULTS.

During the past three years, the Plant Physiological
Genetic Laboratory from thé 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,

Araucaria araucana and Prosopls chilensis.

Araucaria araucana constitutes temperate relic
forests cf high mountains in the austral reglon of

South America where exists differences of temperatures between day
and night and between seasons of about 20°C. Araucaria araucana
also grows on volcano soil with surface temperatures reaching 50°C
at noor. 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). Prosopis chilensis is a leguminous
tree of the arid and semi arid region of northern and

central Chile. In theses regions the temperature reaches
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over 60°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 Prosopis chilesis by
quanacos, goats and wild rabbits that in most cases eat the
fruits and seeds (Montaldo, 1974; Felker et al. 1982 and 1983)

A summary of <the results of these three years of
research is described Lelow. For more details see the enclosed

reprints and prepared manuscripts for publication.

Heat shock stress.

In Araucarxia araucapa: In this Sci-Funded Work from

A.1.D./PSTC Program, Claudio Gecycoolea, who was a graduate
student of our Facultad de Ciencias, Universidad de Chile,
performed his Master Degree dissertation on heat shock stress in
Araucaria araucana. The dissertation is entitled: "Las Proteinas
de Estrés Térmico Juegan un Rol Fisiol6gico en la Adquisicién 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 Araucarja araucana (Mol.) (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 ('S)-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 36°C. The
temperature of 36°C 1is also the optimal temnerature’ for
acquisition of thermotolerance. Kiretics experiments of
appearance of the hsp showed that 30 minutes after heat shock
at 36°C starts, the proteins are expressed, (Goycoolea and
Cardemil, 1991).

Claudio Goycoolea was ablé to detect and quantify in
this system, the expressdon 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 A. 3araucana 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 (Ca;demil and Reinero, 1982); 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 36°C. At temperatures less than
36°C che mRNA for this protein is little expressed, Figure 1.

The other hsp probe encloses the genetic information

for ubiquitin which 1is a small heat shock peptide. This probr
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was a gqgift from Dr. Milton Schlesinger, from Washington
University, St. Louis, MO. (Bond and Schlesinger, 1985). The probe
detects a prominent mRNA band when the tissues are subjected to
temperatures of 28°, 32° and 36°C being the expression of mRNA at
36°C six folds the amount of mRNA present at 28°C, Fiqure 2.

The Northern blot hybridizafion analyses demonstrated
that the embryo axis was the tissue showing a higher expression of
mMRNA 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 P.
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 Prosopis chilensis can germinate
100% in 24 hours when incubated at temperatures of 25° to 35°C. At
temperatures of 40°C the germination rate decreases to 90% after
48 hours. At 45°C, 20% of the seeds germinate in 48 hours and at
50°C there is not germination. In the seedlings germinated at 25°C
the optimal growth of the embryo axis occurs at 35°cC . At 40°cC
the growth is reduced to 45% and at 45°C is reduced to 5%. At 50°C

there is not growth, therefore, 50°C is considered the lethal
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temperature. However, seedlings of P. ¢hilensis germinated at
35°C have the maximal growth at the temperature of 40°C and
some seedlings can grow at 50°C, suggesting that germination at
35°C induces thermotolerance. Seedlings germinated and grown at
35°C can acquire further thermotolerance if the seedlings are
subjected to 40°C for 2 hours before exposure at 45° or 50°C.
Under these conditions the seedlings can grow 10% more than the
contruls directly exposed from 35°C to 45° or 50°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 SDS5-PAGE in presence of (Ms)-
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 KkDa whicﬁ have a maximal accumulation at 50°C. The

temperature for maximal synthesis and accumulation of hsp is

45°Cc for seedlings of Prosopis chilensis germinated at 35°C

(see enclosed manuscript from Medina and Cardemil).

In Prosopis c¢hilensis, we have performed Western

analysis of the hsp expressed in the seedlings when subjected

to temperatures of 35°9-50°C. For these analyses, we used

polyclonal antibodies ralised against ubliquitin, a generous

gift from Dr. Aaron Cilechanover from the Medical School,

washington University, St. Louis, MO, and & mouse monoclonal
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antibody raised against the hsp 72 kba from HeLa cells (Amersham
Chem. Co.).

The antibodies generated against ubiquitin are of two
classes: one raised against free ubliquitin and other agalinst
conjugated ubiquitin. The results are shown in Figure 3A and 3B. In
this Figure is observed that the antibody raised against free
ubliquitin immunccross reacts with a protein band of 9 kbDa
expressed in seedlings subjected for twn hours at 45° and 50°cC;
Figure 3A. The antlbody raised against conjugated ubiguitin
identifies many protein bands which expression increases slightly
with heat shock from 35°~50°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 Ly
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 Prosopls chilensis with
molecular masses of 69 and 71 kDa. Protelns of similar molecular
masses have been informed to be chaperonins playing a protective
role during stress by £folding proteins 1into the normal
confiquration (Vierling, 1989; Rothman, 1989; Gatenby et al.,
1990), PFigure 4, A and B, shows the results of these analyses for
seedlings germinated at 25°C (A) or at 35°C (B) when subjected to
increasing temperatures with a maximal expression for ubiquitin co

50°cC.
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From the physiological and molecular experiments, we have
concluded that the thermotolerance of Progopls c¢hilensis is 5°-10°C
higher than in other plants, ( Medina and Cardemil, manuscript,
submitted).
Field research in the Quebrada de Sn. Carlos, Vicufia, IV
Regién 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 45°C at 4.00 PM
from December to February. Early in the morning and before 4.00
PM, the temperatures of the 1leaves are 2°-3°C lower than the
surrounding air temperature. At 16°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
ubiquitin 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 (27°S latitude, III Regién) and the other

from Quebrada Sn. Carlos ( 30°S latitude, IV Regién).
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Several 1{ndividuals from cCaldera 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 tiees 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 proc.in 70 kDa and ubiquitin is correlated with a
higher in vitro growth rate of buds taken from these individuals
when exposed to 45° and 50°cC. This work 1is 1in progress and

constitutes the dissertation project of Héctor Sanchez.

Wound Stress.

In Araycaria araucana: We have found that wounds

performed intentionally on tissues of seedlings of A. araucana
(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 tissug.
The expression is 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 Lamport, 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.

Nur Laboratory has polyclonal antibodies raised
against, carrot or soybéan seed coat extensins (Cassab and
Varner, 1987) and the extensin probe, the pDC5A1 containing the
genetic information for carrot extensin which is a genomic clone,
(Chen and Varner, 1984). T%ese antibodies and the probe were
available to us thanks to our project's collabocrator 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
pCD5A1 probe we have performed a tissue print Northern what 1s
similar to an in situ mRNA hybridization, Figure 5, (Ye and
Varrnier, 1991). The tissce 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 anad extensin mRNA
(Cardemil and Riguelme, 1991 and Fiqure 5). For the tissue print
Northern we needed to subclone the extensin gene into pBluescript
IT KS (+/-) wvector ¢to be able to get a RNA probe for

histochemical localization of thz extensin mRNA (see Specific

Protocols section).
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Alejandro Riquelme, who obtained his Bachelor Degree 1in
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 electrophoresis analysis
could be done with these proteins because they have an isoelectric
point (pl; of 10-11 and therefore, penetrate the cationic gels. The
molecular masses of these proteins are 187 kDa (Bl), 145 kDa (B2)
and 83 kDa (B3). The proteins immunocross react with antibodies
raised against carrot or so}bean seed coat, extensins. The results
of the preliminary characterization of the cell wall proteins of }.
araucana orig.nated the first publication entitled: " Expression of
Cell Wall Proteins in Seeds and During Early Seedling Growth of
Araucaria araucana is a Response to Wound Stress and
Developmentally Regulated", Journal of Experimental Botany Vol. 42:
415-421, from the authors Liliana cardemil and Alejandro Riquelnme
(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 are
peroxidases. Kinetic studles 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 jmol o-PDA oxidized min-* mg-2.

The peroxidases have a pl of 10.% 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
constltutes between 26-32% of total amino acld content of the
proteins (Table I). The percxidases are glycosilated as shown by
staining, on gels, the proteins bands with periodic acid-
dansylhydrazine after SDS-PAGE (Estep and Miller, 1986). Sugar
compositioi* .nalysis was performed by HPLC showing that the
peroxidases are glycosilated with galactose, glucose, xylose and
mannose, being the galactose the most abundant residue, Table 1II,
(see enclosed manuscript from Rigquelme and Cardemil, accepted in
Phytochemistry). Analysis 'of the NHza-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 ldentified and stained with coomassie blue. After staining,
the proteins bands were cut out from the membrane and sequenced on
the surface of the .Immobilon-P piece by the Edman's degradation
method of ihe phenylthiohydantoine derivatives of the amino acid
residues and using a liquid phase automated sequencer (Spless,
1986). These sequences are shown on the Table III and
were obtained thanks to collaboration of Monsanto Chem. Co.,
St. Loulis, MO, U.S.A. On Table III is also possible to see
that both peroxidases have identical NHa-terminal
sequences. The sequences are different from those of horseradlsh
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 tlie Universidad de Santiago de

Chile in September, 1991 with a grade of excellent.

In Prosopis chilensis: The research on wound stress
responses of Prosopis chilensis seedlings constitutes the Master
Degree's Dissertation of José Gregorio Rodrfguez, 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
cuts on the tissue surface with razor blades: cotyledons,
hypocotyis and root tips. *he hypocotyls of seedlings of 24
hours of imbibition were the tissue with greater response to
wound stress showing an increase in cell wall protein
expression 24 hours after wounding. The increase in expression
was detected by quantification of the cell wall
proteins and by tissue immunoprints using extensin antibodies.
Tissue immunoprints of cotyledons and histoimmunochemical

localization of the protein in the cotyledonary tissue,
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revealed that a greater expression of cell proteins exists in
the wvascular bundles of these organs (Figure 6A, 6B and 6C).
SDS-PAGE and cationic neutral gel electrophoresis of the
native proteins followed by Western blot analysis using
polyclonal antibédies 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 kDPa have a very similar composition. The 4°*
protein of 63 kDa differs significantly from the other three,
Table 1IV. Furthermore, NHiterminal 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
NHyterminal sequence with proline-rich proteins from soybean.

Prosopis chilensis has exceptional responses to wound

stress. Seedlinés of 24 hours of imbibition differentiate
secondary 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 proteins 1in 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 1in Bluescript Phagemid. The
pBluescript II KS (+/-) is a 2961 base palr phagemid derived from
pUC19. The KS designation indicates the polylinker is oriented such
that the Lac Z transcription proceeds from Kpnl restriction site to
Sacl. The polylinker of the plasmid is flanked by the Ta and T-
promoters. Therefore, any insertion in the restriction sites of the
polylinker region can be copied from either one strand using the Ta
RNA polymerase or the T-» polymerase. The pBleuscript II KS (+/-)
phagemid has the ampicillin resistant gene for antiblotic
selection and the Lac Z which provides an a-complementation for
blue/white color selection.of recombinant phagemids. Since the
extensin genes has four Xbal restriction sites and one Pstl site
(Chen and Varner, 1986) we declided to cut the pDCS5Al probe with
EcoRl and PstI to generate a fragment of 3447 bases which contains
the encoding region of the gen. The fraament was next inserted in
the pBleuscript II KS (+/-) that was alsc 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 extersin which iIs the 5'end became oriented towards

the T- 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 T» 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 4°C cvernight. The
ligase reaction was performed overnight according to standard
protocols and the DN2 product of 1ligation was purified with
phenol-chlorocform. After ﬁurification, 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 Ml 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 metiiodological approach of our research on
temperature stress and heat shock proteins, is being applied by
other research groups: Dr. Miren Alberdi (Instituto de Botanica,
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 wall
proteins has been also usedlas 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 r.
Hermann Niemeyer (Facultad de Ciencias, Universidad de Chile) on
cereal-insect interaction.

The tissue immunoprints and tissue print Northern
methods have been 1learned from us and used by the Plant
Biochemistry group in the Facultad de Ciencias Quimicas y
Farmacéuticas 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: José
Gregorio Rodriguez, who will get his Master Degree very soon
and Héctor Sanchez who is doing flield research and simulation
experimeuts to induce heat shock on two ecotypes of Prosopis

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 José Gregorio Rodriquez is from
Venezuela and Héctor Sanchez is from Pert. Both of them will go
back to their countries after they get the degree. In their
countries, either they will continue their research on these
sublects 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
Perii by receiving high trained people, who, hopefully, will improve
Plant Physiology in their respective countries.

The equipment béught with the grant: a 1lyophilizer,
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 graduéte 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 ACTIVITIERS/OUTPUTS:

A. Meetings

a) International Meetings:

1.- Goycoolea, Claudio, Cardemil, Liliana 1988 : Expression of
heat shock proteins (hsp) in tissues of seeds and seedlings of

Araucaria araucana (Mol.) Koch.
-Annual Heeting of the American Society of Plant Physiology

-Plant Physiology suppl. 86: 143.

2.- Medina, Consuelo and Cardemjl, Liliana, 1989. Changes in the
pattern of protein synthesis of Prosopis chilensis induced by

high temperatures.
-Annual Meetirg of the American Society of Plant Physiology

-Plant Physiology suppl:. 89: 202.

3.- Cardemil, Liliana, Goycoolea, Claudio and Medina, Constuelo,
1991. Gene expression to thermal stress in two native tress of

Chile: Araucaria araucana and Prosopis ghilensis.
-1V Conference of the International Plant
Biotechnology Network (IPB Net). San José, Costa Rica.

-Abstract Book p. 3:6.

4.- Cardemil, Liliapna, Riquelme, Alejandro and Rodrigquez, José G.,
1991. Response to wound stress by seedlings of Araucaria

araucana and Prosopis chilensis.
-IV Conference of the International Plant Biotechnology

Network (IPB Net). San José, Costa Rlica.
-Abstract Book p. 30: 24.

b) Mational Meetings:

1.- Cardemil, Liljana y Piqrelme, Alejandro, 1988. Respuesta
fisiolégica al estrés de heridas en semillas de JjAraucaria

araucana.
-XII Reunién Anual de la Sociedad de Bioquimica de Chile.

-Libro de Resumenes de la Reunién. p. 21.
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2.- Goycoolea, Claudio y Cardemil, Lilliana, 1988, Respueata

fisioldégica al tratamiento térmico de 1los tejidos de
semillas y plantulas de Araucaria araucana (Mol.) Koch.
-Congreso: XII Reunidn Anual de la Sociedad de Bioquimica
de ‘

Chile.
-Libzro de Resumenes de la Reunién. p. 22.

3.- Medina, Consuelo y Cardemil, Liliana, 1988. Germinacioén Y
crecimiento de plantulas de Prescpis chilensis en altas
temperaturas y su correlaciéon con el patrén de sintesis
proteica.

-VII Reunion Nacional de Bot&nica. 31 agosto al 3
septiembre. Valparaiso.

~Libro de Resumenes de la Reunién. p. 125,
4.- Rodriquez, José G. Yy Cardemil, Liliana, 1990.

Glicoproteinas ricas en hidroxiprolina de pared celular de

Prosopis chilensis.
-XXXIII Reunién Anual de 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), 1930. Caracterizacion de dos proteinas
catidnicas presentes en paredes celulares en semillas de
Araucaria araucana (Mol.) Koch.

-XXXIII Reunién anual Sociedad de Biologfa 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.
Caracterizacién de dos glicoproteinas de pared celular de
semillas de Araucaria araucana que responden al estreés
mecanico.

-VIII Reunién Nacional de Botanica, Sociedad de Botanica de
Chile. 16-19 de octubre. CENIT, Universidad de Santiago de
Chile, Santiago.

-Libro de ResUmenes de la Reunioén, p. 147.

7. ~Rodriguez, José G. y Cardemil, Liliana, 1991. Expresién de
las proteinas de pared celular en Prosopis chilensis en
respuesta al estrés producido por heridas.

-VIII Reunién Nacional de Bot&nica, Sociedad de Botanica de
Chile. 16-19 de octubre. CENIT, Universidad de Santiago de
Chile, Saniiago.

-Libro de Resumenes de la Reunién, p. 77.
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.- Rodrjguez, José G. y Cardemil, Liliana, 1991. Expresién de

las proteinas de pared celular en Prosopis

chilensis en respuesta al estrés de heridas.
-XXXIV Reunién Anual de la Sociedad de Biologia 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

2.

.- Cardemil Liliana; Goycoolea, Claudio and Medina Consuelo.

ecial Interest Symposium "Physiology of Land Plants of the
Pacific Basin: Plant physiological respcnses to stress
conditions in ecosystem of the Pacific Basin".
-Pacitic Science Association. VI Inter Congress.
Valparal{so-vina del Mar. 7 - 10 agostn.
-Abstracts Book p.l1

- Cardemil, Liliana, 1989. Simposio sobre "Genoma y eventos
fisioldgicos en céluias vegetales: Expresiédn de genes de
resistencia al estrés térmico en dos &rboles nativos de
Chile".

-XXXII Reunidn Anual de la Sociedad de Biologia de Chile y
IV Congreso de la Sociedad Iberoamericana de Biologia
Celular. 21 - 25 noviembre. Vina del har.

-Arch. Biol. y Med. Exp. Vol. 22: R 224

.- Cardemil, Liliana, 1989. Simposio sobre "Diferenciacién

celular en Planta. Las proteinas de la pared celular y su
posi®le rol en el crecimiento y diferenciacién de la célula
vegetal",

-XXXI1 Reunién Anual de la Sociedad de Biologfa de Chile y
IV Congreso de la Sociedad Iberoamericana de Biologia
Celular. 21-25 noviembre. Vina del Mar.

-Arch. Biol. y Med. Exp. Vol. 22: R 199

.- Liliana Cardemil (organizer), 1991. Simposio sobre

"Respuestas Fisiolégicas y Moleculares de las Plantas a

Condiciones de Estreés".

-VIIT Reunién Nacional de Botanica de la Sociedad de
Botanica de Chile. 16-19 de octubre. CENIT, Universidad de
Santiago de Chile, Santiagn.

-Libro de Resumenes de la Reunién p. 22



a)

1.

]

& o

28

National Symposia

Goycooiea, Claudio; Riquelme, Alejandro vy Carcdemil,

Liliana, 1988. Simposio sobre "Cultivo - de Tejido
enMicropropagacién de Plantas de Aplicaciones
Biotecnoldgicas. Seleccioén para Alta Expresién de Genes

de Resistencia alEstrés Térmico y de Heridas en Plantas".
-VII Reunidén Nacional de Botanica, 31 de agosto al 3 de
septiembre, Valparaiso.

-Libro de Kesumenes de la Reunidén p. 25

Cardemil Liliana, 1990. Simposio sobre "Interrelacicnes
Metabdlicas Entre La Planta y su Entorno: Respuestas de
las plantas a condiciones de estrés".

-XIV Reunién Anual Sociedad de Bioquimica de Chile. Termas
de Catillo. 30 de agosto al 1 de septiembre.

-Libro de resumenes de la Reunién p. R 365

B. Publications

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 requlated. Journal of
Experimental Botany. 42: 415-421.

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.

Riguelme, Alejandro and Cardemil, Liliana, 199%2.

Two major proteins present in the cell walls of seed and
seedlings of Araucaria araucana are peroxidases.
Phytochemistry, in press.

Medina, Consuelo y Cardemil, Liliana, 1992.

Prosopis chilensis is a plant highly tolerant to heat
shock.

Submitted to Plant Cell and Environment.

Sgueo, Francisco; Cardemil, Liliana and Olivares, Nancy,
1952. Water potential components in the branch system of
Prosopis chilenis {(Mol.) ( Mimosaceae): A new regulation
model? In preparation.
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€. 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 fieid we have selected two Prosopis chilensis ecotypes: one in
Quebrada Sn Carlos,Vicufia, IV Regién and other in Caldera III
Regién. A third one in Peldehue near Santiago, V Regibébn, is under
study. These 3 regions are located in a latitudina. gradieant from
parallel 27°S to parallel 3§°S. 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 thiat c(he selection really means more tolerance to heat
shock. It is important to emphasize that this part of the project
is in progress because const}tutes the research project of Héctor
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 1in prestigious international
journals, one paper submitted and another in preparaticen. 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: "Caracterizacién de ecotipos de Prosopis chilensis resistentes
Y sensibles a estrés térmico y estrés de heridas en una gradiente

latitudinal de 3== 4 5%* regién" (Characterization of resistant and

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

5¢M 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 he submitted to Agency for International

Development in the PSTC program.



31

10. LITERATURE CITED.

Bond, U and ¥ J Schlesinger, 1985. Ubiquitin is a heat shock

protein in chicken embryo fibroblasts. Mol. Cell Biol 5: 949-956.

Cardemil, L, and A Reinero, 1982. Changes in Arxaucaria araucana

seed reserves during germination and early seedling growth. Can. J.

Bot. 60: 1629-1638.

Cardemil, L; E Salas and M Godoy, 1984. Comparative studies of the
karyotypes of South American species of Araucaria. J. of Heredity.

75: 121-125.

Cardemil, L and J E Varner, 1984. Starch degradation metabolism
tcwards sucrose synthesis in germinating Araucaria araucana seeds.

Plant Physiol. 77: 532-535.

Cassab, G I and J E Varner, 1986. A new protein in petunia. llature.

323: 110.

Cassab, G I and J E Varner, 1987. Immunocytolocalization of
extensin In developing soybean seed coats by immunogold-silver
staining and by tissue printing on nitrocellulose paper. J. Cell

Blo.. 105: 2581-2588.



32
Chen, J and J E Varner, 1986. An extracellular matrix protein
in plants: characterization of a genomic clone for carrot

extensin. The EMBO Journal. 4: 2145-2151.

Condit, € M and Meagher, R B, 1986. A gene encoding a novel
glycine-rich structural protein in petunia. Nature: 323, 178-

181.

Esquerrv-Tugaye, M T and D T A Lamport, 1979. Cell surface in
pPlant-microorganism interactions. I. A structural investigation
of cell wall hydroxyproline-rich glycoproteins which accumulate

in fungus-infected plants. Plant Physiol. 64: 314-319.

Estep, T N and T J Miller, 1986. Optimization of erythrocryte
membrane glycoprotein fluorescent labeling with dansylhydrazine

after polyacrylamide gel electrophoresis. Anal. Biochem. 157:

100-105.

Felker, P; P R Clark, P Nash, J F Osborn and G H Cannell,
1982. Screening Prosopis (mesquite) for cold tolerance. Forest.

Sci. 28: 556-562.

Felker, P; G H Cannell, P R Clark, J F Osborn and P Nash.
1983. Biomass production of Prosopis species (mesquite),
Leucaena, and other 1leguminous trees grown under heat/drought

stress. Forest. Sci. 29: 592-606.



33
Gatenby, A A; vViitanen P V and Lorimer G H, 1990. Chaperonin
assisted polypeptide folding and assembly: implications for the
production of functional proteins in bacteria. Trends in Biotech.

5: 354-357.

Goycoolea, C and L Cardemil, 1991. Expression of heat shock
proteins in seeds and during seedling growth of Araucarla

araucana. Plant Physiol. Biochem. 29: 213-222.

Lamport, D T A, 1965. The protein component of primary cell walls.

Advances in Botany Research. 2: 151-218.

Mazza, G and K G Welinder, 1980 Covalent structure of turnip

peroxidase. Biochim. Biophys. Acta. 322, 218-223.

Medina, C and L Cardemil,.1992. Prosopies chilensis is a [lant

highly tolerant to heat shock. Submitted to Plant Cell and

Environment.

Montaldo, P R, 1974. La bio-ecologia de Araucaria araucana (Mol.)

Koch. Instituto Forestal Latino-Americana de Investigacién y

Capacitacioén. Boletin 46-48.

Nakagawa, S and T Fukuda, 1989. Direct amino acid analysis of
proteins electroblotted into polyvinylidene difuoride membrane

from sodium doaecyl sulfate-polyacrylamide gel. Anal. Biochem.

181: 75-58.



34
Riquelme, A and L cardemil, 1992. Two major cell wall proteins of

seeds and seedlings of Araucaria araucana are peroxlidases.
Phytochemistry, accepted.

Rochester, D E; J A Winer and D M Shah, 1986. The structure and
expression of maize genes encoding the major heat shecck protein,

isp 70 kDa. The EMBO Journal 5: 451-458..

Rodriquez, J G and L Cardemil, 1991. Expresién de las proteinas de

pared celular de Prosopis chjlensis en respuesta al estrés
produclido por heridas. Arch. Biol. Y Med. Exp. 24: R 194,

Rothman, J E, 1989. Polypeptide chain binding proteins: Catalyst
of protein folding and related processes in cells. Cell. 59: 591-

601.

Sambrook, J; E F Fritsch and T. Maniatis, 1989. Molecular Cloning.
A Laboratory Manual. Cold Spring Harbor Laboratory. Cold 3pring

Harbor, N. Y.

Spless, J, 1986. sStrategies of biochemical characterization of
hormonal peptides. In Advanced Methods in Protein Microsequence
Analysis. Wittmann-Liebold, B, J Salnikow and V A Erdmann, ed.

Springer-Verlag.

Varner, J E and L.-S. Lin, 1989. Plant cell wall architecture.

Cell."56: 231-239.



35

Vierling, E, 1991. The roles of heat shock proteins in plants. Ann.

Rev. Plant Physiol. Plant Mol. Biol. 42: 579-620.

Vierstra, R D, 1987. Ubiquitin, a key component in the degradation

of plant proteins. Physiol. Plantarum 70: 103-106.

Ye, Z-H and J E Varner, 1991. Tissue-specific expression of cell

wall proteins in developing soybean tissues. Plant Cell 3: 23-37.



36

Figure Legends.

Figure 1.-

Figure 2.-

Figure 3.-

X-ray film of Northern blot hybridization of total RNA
extracted from cotyledons (C) and embryo axes (E) of
Araucaria araucana seedlings exposed for 2 hours at
different temperatures (28°, 32° and 36°C). The
hybridization was performed with a probe containing
the cDNA information for ubiquitin from chicken
embryo. "Cont" is a positive control where 3 ug of
maize RNA extracted from plants subjected to 42°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°C*" were
overloaded with 3 times of RNA amount present in the
extracts of the cotyledons exposed at 28°C and those
marked as E 28°C"™ were lozded with 5 times the amount
of RNA present in the embryo axes exposed at 28°C,
thus to estimate how much more mRNA for ubiquitin was
present in the tissue exposed at 36°C.

X-ray f£ilm 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 (28°, 32° and 36°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
Hg of maize RNA extracted from plants subjected at
42°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.

Western blot analysis of the proteins extracted from
Prosopis chilensis seedlings, using polyclonal

antibodies raised against free ubiquitin (A) or
against conjugated ubiguitin (B). The seedlings were
grown from seeds germinated at 35°C and then subjected
to heat stress at temperatures of 35°, 40°, 45° and
50°c¢C, for two hours. The proteins were extracted
and run in SDS-PAGE and electrotransferred to
nitrocellulose membranes. The membranes were lncubated
with the first antibody (IgG anti free ubiquitin or
IgG anti conjugated ubiquitin) and with the secondary
antibody coniugated to alkaline phosphatase.
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Figure 4.- Western blot analysis of Prosopis chilensis heat shock

Figure 5.-

Fiqure 6.-

proteins, using a monoclonal antibody raised against
72 kDa protein from HeLa cells as primary antlibody.
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 30°, 35°,40°, 45° and 50°C.

B.- Analysis of the proteins extracted from seedlings
of 48 hours of imbibition and exposed for 2 hours at
temperatures of 35°, 40°, 45° and 50°C. In this case
the seedlings were fiom 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.

Tissue print Northern of cross sections of hypocotyls
and of megagametophytes =nclosing the cotyledons, of
10 and 20 days seedlings of Araucarla 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 Tas promoter that allows
to make in vitro transcription and to prepare an
antisense [?®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.

Immunocytolocalization of extensin protein

in Cotyledon (A) and in Hypocotyl (B).

A. Tissue immunoprints of a cotyledon transversal
section of Prosopis chllensis seedliings of 60 hours
of age. The trancversal 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-I1g9G 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 epldermls.
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Flgure 7.- Gel electrophoresis of the native cell wall

Figure 3.-

Figure 9.-

proteins of seedling embryo axis of Prosopis
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 soybezan seed coats and then
incubated with a second antibody, a goat anti-1gG
conjugated with alkaline phosphatase.

The arrows point the equivalent bands of proteins
in A and B.

Wound effect nroduced with razor blade cuts on
seedling roots of Prosopis chilensis, of 24

hours after germination. One day after wounding, the
radicle of the seedlings 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.

Immunocytolocalization of extensin during

development of secondary roots as a response to

wound stress when seedling radicles has heen injured
with razor blade cuts, as shown in Figure 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
Hg sugar/mg protein

C-galactose 72.4 % 2.9 (61.1%w) 76.8 £ 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 ( 1.3w) 12.8 ( 8.5%)

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

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. HPIC 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;

-~

Ji

|



TABLE I1

AMINO ACID COMPOSITION OF CELL WALL PEROXIDASES OF
ARAUCARIA ARAUCANA.

AMINO ACIDS PEROX1DASE PEROX IDASE HORSERADISH PEROXIDASE

83 kbDa 145 kDa 40 kbDa

LY:= 5.37 (22 14.80 (42) 1.80 ¢ 4)
HIS 2.93 (12> 1,76 ¢14) 1.00 ¢ 2)
ARG 2.26 &) 4.03 (29) 6.90 (13)
ASX 4.87 (23) 4.42 (42) 17.40 (45)
GLX 8.60 (3&) £.87 (60) 6.50 (15)
THR 2.50 (12 1.22 ¢45) 6.50 (19)
SER 15.65 (927 18.40 (223) 7.30 (24)
GLY 32.81 (270) 35.32 (598) 5.60 (25)
AL A 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)
vab 3.97 (21) 1.90 (16) 5.80 (17)
ILE 1.90 ¢ 9) 1.72 (17) 4.20 (11)
LEY 3.19 (15) 3.65 (35) 12.30 (32)
TYR 0.00 0.00 1.40 ¢ 3)
FHE .75 ¢ 3) 0.83 ( 2) 7.70 (16)
TRP N.D. N.D. N.D.

In parentheses. number of residues per molecule.



TABLE 111

NH2 TERMINAL SEQUENCES OF CELL WALL PEROXIDASES OF
ARAUCARIA ARAUCANA

Peroxidase 3 4 10
145 kDa Ala-Met-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 1 10
Peroxidase Glx-Leu-Thr-Pro-Thr-Phe-Tyr-Asp-Asn-Ser-Cys-Pro-Asn-Val -Ser-Asn-
Ileu—Val—Arg;Asp

Turnip ? 3 10
Peroxidase Glx-Leu-Thr-Asn-Phe-Tyr-Tyr-Ser-Thr-Ser-Cys-Pro-Asn-Leu-Leu-Ser-
Thr-Val-Lys-Ser

M



TABLE 1V

Amino acid composition of the cell wail proteins present in the cotyledons
of Prosopis chilensis. The composition is compared with protzins encoded by
genes cloned from soybean.

Mol %

Amino Prosopis chilensis Soybean
acid 188 kDa 126 kDa 187 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
Asx 11.5 11.7 18.5 8.9 1.2 1.2
Thr 2.3 2.9 2.9 3.1 8.4 g.4
Ser 6.8 7.1 L9 3.5 2.3 B.4
Glx 23.8 21.3 18.6 18.7 3.9 22.8
Gly 6.2 5.7 4.8 3.3 8.4 B.4
Ala 5.8 5.4 4.6 3.8 1.6 f.8
val 4.7 5.5 6.4 12.3 15.2 2.1
Cys 8.8 9.7 B.1 8.2 8.9 B.9
Met 8.8 E'.B 2.8 B.8 f.8 8.8
Ile 4.4 3.5 3.8 1.8 2.7 B.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 2.8 1.3 8.0 8.9
His 8.9 2.4 4.6 2.1 p.p 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
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TABLE V

NH, -terminal sequence of the cell wall proteins present in cotyledons of
Prosopis chilensis. The sequences dre ccmpared with homologous sequences
coded by genes from soybean

PROSOPIS CHILENSIS:

Protein of 188 kDa

X-X-Gly-x-Asn-Glu—Ala-Leu—Gln-Glu—Ile-Het-X-Gln-Ile-Gly-

Protein of 126 kDa

X-X-Gln-x-Gln—Ala-Leu-Lys—X-Ile-Het-X-X—Glu-Gly-GLy-Ser-Leu-(Leu)-X

Protein of 187 kDa

X-X-Gln-Ile-Gln-Ala-Leu-Lys-x-Ile-Het-Arg-Arg-X-Gly

Protein of 63 kDa

Asn-Tyr-Tyr-Gln-Pro-Hyp-Thx-Tvr-Lys- Pro-Pro-Gly-Lys-Pro-X

SOYBEAN CLONES:

Sb PRP 1: Pro-Ile-Tyr-

ENOD 2: = el = =
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216 C. Goy:colea and L. Cardemil

of proteins with a total radioactivity of 2,500-5.000 Bq.
The clectrophoresis was run for 7 h at 180 V, using
the Laemmli’'s butter (1970). The proteins bands were
visualized on the gel with 0.25% Coomasie R 250 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 svnthesized proteins
during the thermal stress. the protein bands were visual-
ized by the radioactivity of the [**S)methionine incorpor-
ated in the protems. For this, after electrophorests, the
gel was twice washed with 10%% acetic and 40% ethanol
for 30 min cach wash. Alterwards. the gel was submer-
ged in solution of 0.4°. PPO. 20% cthanol, 30% xylol
and 50% acetic acid for X h. The PPO was precipitated
into the gel with distilled water tor 2.5 h. After 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 Omat film at-%0°C for four
days.

RESULTS

Determination of viability of seeds and seedlings

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 h.
These three tissues are affected differently in their
viability by exposure to high temperatures.
Figure | shows that the embryo axes significantly
lose their viability compared with the control
experiment, after Sh of treatment to 44-48°C
(p<0.005. probability given by Student's test). The
votyledons are more sensitive to thermal stress,
losing 20% viability after exposure at 48°C for the
period of 3 h. The megagametophyte tissue is the
most resistant. Its viability is only affected 17°%
(compared with the control samples) after 7 h of
treatment at 44°C, and 30% after exposure at 48°C
for the same period of time.

Seedlings 120 h 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 2A
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 40°C.

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. 2B).

cotyledons 3h embryo axes 5h megagametophyte 7h
- 100 vt ..1 '_J-: 'i- i‘ XX tS oa i 1
< HlE|E . | ]
- 6or - L 117 9
8 : B
= i - - -1 b 1
® 20t ' s ! i ]

36 a0 44 a6 4 5‘1“5 40 4;' a8 "6

Temperature (°C)

Figure 1. Viability of the dilferen: ussues of quiescent seeds of Araucana araucana. The results are shown at the minimum penod
of time (3 h for cotyledons. 5 h for ¢cmbryo axes and 7 it for megagminetophvte) at which there is a significant decrease of
viability by exposure 1o high temperatures. The control experiment was pesiormed at 28°C and it is shown as white bars. the
experiments were performed at 32, 36, 40 and 48°C and arc shown as dotted bars. The viability method of TTC or by
determination of electrolyte leakage. The standard deviation is given for each bar.
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chloride (TTC). Alternatively. the viability was determi-
ned after the temperature treatment by measuring the
conductance of clectrolytes leaked from the tissue mto
deionized water (leachate). The conductance of u leach-
ate of dead seeds. killed 1in boiling witer tor 30 min.
wits considered 100, The per cent of leaching was
cexpressed as conductance of leachates arter heating < 10-
0 final conductance atter killing. The meun leaching was
plotted against the temperature tested. from where the
LT ttemperature at which the conductince became
50% of the conductance atier Killing) was caleulated.

Determination of growth of the emhryo anis of seedlings

subjected to different temperatures. Scedlings of 120 h of

imbibion without megagumetophyte were presoaked
tor 3 h at 28°C in sterilized vermuculite watered with
solution contaiming the Murishige-Shoog saline com-
ponents ( Murashige und Skoog. 1962) and supplemented
with 13% sucrose and S0 pgmi b oor chloramphemcol
ttreatment medium = TN After this pretreatment the
fength of embry o axes were measured i miflimewers and
then soaked in the sume medium for 1.2 and 3 bt 28,
32,3640 and 44°C. Duning the treatment. the medium
was acrated constantly with an aquarium pump. The
damage caused by the high temperature treatment was
measured by the prowth recovery of the embryo axes it
28°Cin 48 h.

Induction of thermotoleranee in embryvo axes by exposure
to sublethal temperatures, Five groups ot 13 embryvo axes
each. coming from seedlings of 120 h of unbibttion were
pretreated tor 3 h at 28°C by souking them i wet
vermicuiite watered with the saline TM described above,
After the pretreatment the lengths ol the embryo dnes
were measured and changed 1o lashs contrmng a fresh
liquid medium. One group was niuntined o 28°C as
the control. Another 2nd. 3rd. 4th and $th groups were
subjected to 28, 32, 36, 40 and 44°C respectively tor )
and 120 min 1 separate expenments. Each group was
then subjected to 44°C (lethad temperature) for 2 h.
After treatment at 44°C. the embry o axes were changed
to solid medium and kept at 28°C for 4% h. After this
time the recovery of growth was determimed by meausur-
ing the length of the axes.

Incorporution of [**S]methionine. Scedlings of 120 h of

imbibition with radicles between 1.5-2.0 ¢m long. were
dissected 1o separate the embryo axes from the megaga-
metophyte. The embryo axes were further cut into preces
of 1em. Five groups coniininy preces of |5 embryvo
axes each were tncubated for three hours in liqud TM
under continuous aeration. Alter this ume the group 1.
2. 3.4 and 5 were subjected to 28, 32, 15 30 and 49°C
respectively for 2 % in acrated hiquid TM. [**§)methion-
ine with a specific radioactvity of 342 MBgmmol !
{from ICN Radiochemicals) wits added to the media, o
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obtain 4 concentrahon  of radioactivity  of
FAR MBgmi ' The [**S)methionine was added to the
final 30 min of 2 h of temperature treatment in order
to determine the proteins syathesized under heat shock.
or added at the beginning of the 2 h of temperature
cxposure n order 10 determine the accumulation of
proteins synthesized during this time. For  kinetics
expenments the [**Sjmethionine of the same specitic
radioactivity mentioned above was added to the medium
contwining the picees of embryo axes. The [**Smethion-
e was added for 30 min at the end of the period of
cxposure at 36°C (30 mun. 1, 2. 3, dor 5 h).

Extraction of proteins labelled with [**S)inethionine. The
evtraction of protems was performed by the method
descrnibed by Cooper and Ho (19%3) using the butfer of
Lacmmbhi (1970) made up of 0.06 M Tris-HCl (pH 6.8)
and contaming 2% of sodium dodeeyIsullite (SDS). 10%,
glyeerol and 3% mercaptocthanol. The pieces of tissue
were homogenized with a glass homogenizer and man-
tamned for 2 mn i water bath at 100°C: the homogenate
wits then centrifuged inan Eppendorf microtuge for
A min The mcorporation of {**S)methionine was deter-
mined m the protems ol the supernatant. For this. the
proteins of the extruct were preapitated with trichlo-
rodcetic aad (TCA) as it has been deseribed by Mans
and Novwelli (1960). taking aliquots of 10 ul and placed
on a4 disk of filter paper Whatmman 3MM 1.4 ¢m in
drameter. The paper was dried for 20 s. Each paper disk
was soaked for 60 min in 10%, TCA contatning 0.1 M
cold methionine. The disks were washed with 10% TCA
4l room temperature for 15 min followed by a second
wash with 5°4 TCA at 90°C for 30 min. After the TCA
washes, the disks were passed through an ethanol ether -
solution (11, v.v) for 30 min at 37°C. washed in pure
cther for 15 min and dried at room temperature. The
dried paper disks were placed into scintllation fluid of:
toluene and Triton X-100 in a ratio of 2: 1 containing
4gl ' of 2.5-diphenyloxazole (PPO) and 50 mg | ! of
I.4-bis(3-phenyl-2-oxazolyl)-benzene: 2,2 -p-phenylene
bist3-phenyloxazole) (POPCP). The radioactivity was
measured in a Phillips liguid scintillation counter. Quan-
ulication 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 acetone
and resuspension in 0.01' M Tris. A radioactivity of
50 Bqpg ' protein was considered as a good incorpor-
ation.

Protein electrophoresis.  The  proteins  labelled  with
[**S]methionmine were separated by clectrophoresis in
SDS-polyacrylamide gels. by the method described by
Laemmli (1970). The running gel was 10% polyacryla-
mide containing 0.1% SDS (pH 8.8). The stacking gel
was  3.3% polyacrylamide containing .1% SDS
(pH 6.8). Each channel of the gel was loaded with 80 He
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214 C. Gaycoolea and 1.. Cardemil

durant le stress thermique. parm lesquelles se trouve une protéine de 70 kDa. Des expériences de cinétique indiquent
que les nouvelles protéines sont présentes 30 min apres Pexposition des axes embryonmaires o 36°C. La temperature
de 36°C ost anssi la temperature optimale pour acyuisition de la thermotolérance par les plantules o'A. araucana.

Mots clés additonnels :
sublétale.

megagametophy e, choe thermique. température létale, thermotolérance. temperiture

Abbreviations. SDS-PAGE. sodium dodecysultiate-polvacrylamide gel electrophoresis: hsp. heat shock protems. TM.
treatment medium. TTC, tnpheny bietrazolium chlonde: TCA. trichloroacetic acid.

INTRODUCTION

Plants are subjected to harsh environmental con-
ditions such as frost. water stress. mineral toxicity,
nutrient  starvation, e¢xtreme  (emperatures  and
wounding caused by predators, insects and patho-
gens. However. plants are adapted to adverse con-
ditions through structural. physiological and bio-
chemical adjustments.

As an example of these adjustments, plants
respond to exposure to high temperatures by
changing the puattern of protein syvathesis. most
often with a decrease of the proteins normally
synthesized and appearance of new proteins (Schle-
singer er al., 1982; Cooper and Ho. 1983; Meyer
and Chartier. 1983). These new proteins synthe-
sized under high temperatures are denominated
heat shock proteins (Kimpel and Key, 1985). The
plant heat shock proteins (hsp) reported so far
have been classitied as hsp of high molecular mass,
between 90 and 120 kDai. hsp of medium molecu-
lar mass, between 40-89 kDa and hsp of low mol-
ceular mass between 13-39 kDa (Cooper and Ho,
1983; Cooper et al.. 1984). These low relative mol-
ecular mass proteins seem to be peculiar to the
plant kingdom (Keyv er al.. 1981).

The physiological role of the hsp is still under
discussion and not understood. but tiity seem to
protect the orgamism since there 1s a high correla-
tion between the appearance of the proteins and
the acquisition of thermotolerance (Yamamori ¢t
al.. 1978: Ashburner and Bonner. 1979: Barnett er
al., 1980 Lin er al.. 1984; Schilesinger, 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 40° 3' S, from 900 10 1700 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

Plamt Physiol. Biochem.

these areas. constituting relic torests originated
the tertiiary tmes {Montaldo, 1974).

The weather. climate and soil of voleanic origin
of A, araucana Yorests, as well as biological factors
such as animals and humans make ditficult the
natural regeneration of this conifer. Seeds are shed
and germinate at the end of surmmer and seedlings
grow on the volcanic soil which reaches temperat-
ures of 30°C and higher at noon of hot summer
davs,

The purpose of this work was to invesugate how
seeds and seedlings of A, arancana respond to high
temperatures and to study the pattern ol heat
shock proteins synthesized under thermal stress,
since the genus Araucaria has been reported to
have a tropical origin (Montaldo, 1974).

MATERIALS AND METHODS

Seeds material and germination eonditions. Araucariu
araucana (Mol.j Koch seeds were collected in the forest
reserve  of  Malalcahuello  (latitude  37.5° S, Chile)
between the months of March and April of 1986, 1987
and 1988. The sceds were stored in plastic bags at 3°C
until used. For the experiments seeds without testa were
stentized in a4 10% sodium hypochlorite solution for
5 min and then washed thoroughly in distilled water.
After stenilization the seeds were germinated 1n wet ver-
miculite. The germination temperature was 28°C.

Determination of viability of tissues of quiescent sced
subjected to different temperatures. Sterilized sceds
without testa were divided in groups of 50 sceds cach.
and cach seed was divided 1 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 umes of exposure of 1, 2, 3, 5, 7
and 9 h. At the end of treatment the half-seeds were
dissected into embryo. megagametophyte and cotyledons
and viahility was determined by measuring the ussue
arca that changed from colorless to red after staining
for 2 h in darkness with 0.5% of triphenyl tetrazolium
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Goycoolca, C. and Cardemil. L. 1991. Expression of heat shock proteins in
seeds and during scedling growth of Arawcaria argucana as a response 1o
thermal stress — Plant Physiol. Biochem. 29:213.222,

The purpose of this work was to investigate how seeds and seedlings of
Arawcaria araucana 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 for several hours and the viability of
the tissues after exposure was determined with the colorimetric test of the
triphenyltctruzolium chloride or by measuring the clectrolyte leakage. The
most sensitive tissues are the cotyledons which die after 3 h of treatment at
43 and 48°C. The most resistant is the megagametophyte which loses
viability only after 7 h at 44°C. Embryo axis of secdlings more sensitive to
high temperature treatments. They lose viability after 30 min. of treatment at
+4°C. Sodium dodecylsulfate-polyacrylamide gel clectrophoresis of proteins
synthesized by root tips of seedlings at 32, 36, 40 and 44°C in the presence
of [**S}methionine 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.
Kinctic experiments demonstrated that the new proteins 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
scedlings.

Additional key words — Mcgagametophyte, heat shock, lethal temperature,
thermotolerance, sublethal temperature.

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

Résumé. Le but du travail est de rechercher comment les graines et les plantules d'Araucaria araucana réagissent aux
températures élevées. Les tissus des axes embryvonnaires, des cetylédons et des mégagamétophyles de graines
d’A. aracana ont été soumis a des températures de 28, 32, 36, 40). 44 ¢1 48°C pendant plusieurs heures et la viabilité
des tissus aprés le traitement a é1é déterminée par le test au chlorure de triphényltétrazolium ou par la mesure des
Juites d'électrolytes. Les tissus ies plus sensibles sont les cotylédons, qui meurent aprés 3 h de traitement 4 44 et 48°C.
Le plus résistant est le mégagamétophyte. dont la viabilité disparait aprés 7 h a $4°C. L'axe embryonnaire est le plus
sensible aux traitements par des températures élevées: il perd sa viabilité aprés un traitement de 30 min g 44°C.
Lélectrophorése sur gel de polvacrylamide-dodecyl sulfate de sodium des protéines synthétisées par les extrémités des
racines de plantules a 32, 36. 40 et 44°C ¢n présence de méthionine[*®S), et révélées par fluorographie, montre que la
synthese optimale et I'accronulation des protéines de choc thermigue se produit a 36°C. Huit protéines sont synthétisées
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new bands of protein appear in the embryo axes
under heat stress, which are not detectable in the
control sumpies. The seven new bands of proteins
have relative molecular masses of 126, 106, 89, 77,
44, 24 and 19 kDa. These new -toteins present
under heat shock have been denominated heat
shock proteins (hsp) (Kimpel and Key, 1985). The
seven bands of proteins appear at 32°C and incre-
ase in intensity at 36°C. However, two of these
proteins those of [26 and 24 kDa, are not present
at 40°C. There are also some other proteins present
at 28°C which increase considerably in intensity
temperatures of 32, 36 and 40°C. Figure 3 also
shows that most the accumulated proteins decline
at 43°C,

J (&) o o o
kDa 2 & 3 3 3
16.0-
-<
84.0-
26.6-

Figure 4. Fluorogram of the protemns synthesized in embrvo axes
tonder heat stress. The synthesis of proteins correspond to the
last 30 min of 2 h of incubstion at ditferent temperatures in
the presence of 148 MBg mi ' of [**S]methionine used as
precursor of protein synthess. Each experimental group was
of «ix embryo 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 the bands
of new proteins not present in the control embryo axes treated
at 28°C (hsp). The arrow heads pomt to those bands which
increase in radioactive intensity upon thermal exposure.

Figure 4 is a fluorogram of the proteins synthe-
sized during heat shock since the [**Simethionine

was ‘acorporated in the last 30 min of the 2 h of

Plant Physiol. Biochem.

thermal exposure. [t shows that the same 7 bands
of proteins accumulated in 2 h of treatment are
also synthesized in the last 30 min of thermal
stress. Because in this fluorogram the bands are
seen better resolved. it is possible to detect one
additional band synthesized under stress. This
band has a4 molecular mass of 17 kDa. Further-
more, there are about 9 other proteins present at
28°C whose synthesis increases considerably at 32
and 36°C. The hsp 126, 106 and 17 kDa are no
longer svnthesized at 44°C. Indeed. at 44°C the
svnthesis of proteins declines. Table | is a sum-
mury of the proteins synthesized under heat shock.,
showing an estumation of the intensity of radioac-
tivity incorporated per band. From these results
we conclude that the optimum temperature for
synthests and accumulation of heat shock proteins
is 36°C.

Table V. Protem svnthesis and relative mtensity of the radioactize
protem bands of emirevo axes subjected 1o thermat stress. The
molecular miss and the relative mtensities of the radioactive
hands ot the synthesized protemns in embryo ixes upon thermal
stress are shown and compared with the controb at 287°C. s
seen i tigure 4.+ relative intensities of the radioactive bands.
The inteasity 1s compared amony the bands of the same protein.

Molecular Control  32°C 6°C q0°C 4400
mass (ADa)
126¢ - - - + -
H06* - - - + -
101 - + st + -
98 + -~ + + + +
94 + + + + + + -
8y - ++ F A+ s+ +
84 + + ++ + + + -
80 + FH+ 4+ e+ F+ +
77 - + + 4+ + + +
09 + + + o+ + + + -
44 - + -+ + +
33 + +++ +++ H++ ++
24 - + 4+ + + + +
20 + ++ + v + + +
1y« - + + + + +
174 - T+ + + + -

* Molecular mass of the proteins bands (hsp) not presep: al
28°C.

Kinetic of appearance of the hsp in embryo axes

Since 36°C is the optimum temperature for syn-
thesis and accumaiation of hsp, a kinetic exper-
iment of appeazance of the proteins bands at 36°C
was run, wiin the purpose to determine how soon
proteins appear in the tissue after the beginning
ol"a thermal treatment. For this purpose the tissue
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Figure 2. Growih recovery of embrio uxes of Araucana arau-
cana. After 30 min of thermal exposure in A or after 60 min
of thermal exposure in B. The recovery is given as per cent of
growth of the control embryo axes maintained at 28°C. The
stress temperatures were 32, 36, 40 and 44°C. After the thermal
treatment the axes were placed at Z8°C for 48 h and the length
of the embryo axes were measurec  The standard deviation is
given for each bar.

These experiments to study thermal resistance
allowed us to determine the lethal and sublethal
temperatures for quiescent seeds and seedlings of
A. araucana The lethal temperature is therefore
44°C and the sublethal temperatures are 32, 36
and 40°C.

Protein pattern of embryo axes after 2 h of heat
shock

The protein pattern present in embryo axes of
A. araucana at 28°C and under treatment of 2 h
of heat shock, was studied incubating the tissue in
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the presence of [**S]methionine as precursor of
protein synthesis, followed of SDS-PAGE of the
extracted proteins and fluorography of the radio-
active gel.

Two kinds of experiments were performed to
discriminate  between protein accumulation and
rotein synthesis during heat shock. The accumula-
tion of proteins was studied by incubation of the
tssue in the presence [**S)methionine during 2 h
ol exposure at the appropiated temperature (28.
32, 36. 40 and 44°C). The synthesis of proteins
was studied by incubation of the tissue in the
presence of [**S)methionine during the last 30 min
ol'the 2 h of exposure at the appropiate temperat-
ures. Figure 3 is a fluorography of a SDS-PAGE

e 5 & & B %
160 -~ o~ -

840.

Figure 3. Fluorogram of the proteins accumuluted in embryo uxes
under heat siress. Proteins accumulation correspond to 2 h of
incubation at different temperatures in the presence
1.48 MBq ml™" of [**S) mcthionine used as precursor of protein
synthesis. Each experimental group was of six embryo 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 new proteins (hsp) not
present in the control embryo axes incubated at 28°C. The
arrow heads point to those bands which increase in radioactive
intensity upon thermal exposure.

of the proteins accumulated in 2 h of heat shock.

The proteins were analyzed and compared with
those present in embryo axes grown at 28°C. Seven

vol.29,n" 3 - 1991



of embryo axes was incubated for different periods
of time (from 30 min to 5 h) in the presence of
[**S]methionine added for 30 min at the end of

28 ¢c 6 ¢

hDa

1h

116.0-

84.0-

58.0-
485~

36.5-

26.6-

Figure 5. Kinetics of proteins svmthest, i embrvo axes. The
embryo axes were subjected at 36°C for different penods of
time (from 30 min to 5h). Groups of 6 embryo uxes were
incubated at 36°C in the presence of 1.48 MBgmi™!' of
[**S)methionine which was added to the medium in the fast
30 min of the period of thermal treatment. After the exposure
to 36°C the proteins were extracted from the tssue and analy-
zed SDS-PAGE followed by fluoiography of the gel. The
complete arrows show the new proteins bands not present in
embryo ixes incubated at 28°C. The arrow heads show those
bands of proteins which increase i radioactive tntensity 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 at 36°C (106. 89, 77. 2. 19 and 17 kDa
proteins). Aiter | 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 1 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 (1ab. 2).
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Table 2. Kinetics experiment of proteins synthesis by embryo
stbjected 10 36°C and relative mtensity of the radioactive proteins
hands. The molecular mass and the relative intensity of the
protetn bands detected in the kinetic expenment of protein
synthesis are shown for embryo axes when exposed to 36°C
for different periods of time (30 min to 5 h), as seen in ligure 5.
= relative mtensities of the radioactive proteins bands. The
intensity ts compared among the bands of the same protein.

Moleculur Control 30 min -~ 1h Th 3h 5h
mass
(hkDa)
1264 - - + + - -
106* - + + + + + + + + +
101 + tH+ F++ 4+ b+ 4+
Yy + + ++ 4+ + 4+ A+ 4
9d + R I b S T e T S S NS
A - + + o+ + + -+ +
hE] + ++ o+ + + + - +
80 + R sl T S i S i i (I S S SRR e
774 - ++ 4+ + + - -
09 T+ + + + + + T+ + +
44 - + L + + + +
13 + 4+ o+ + + + + + +
REY - + + ok + + T+ + +
20 + t+ b b e b e 44
19¢ - ++ b + + + +
++ + + 4+ - -

17¢ -

* Molecular mass of the proteins bands (hsp) not present at
28°C.

Acquisition of thermotolerance by the embryo axes

Because 36°C is the optimum temperature for
heat shock protein synthesis and accumulation, the
question to ask is whether or not 36°C is the
oplimum temperature for acquisition of thermoto-
lerence by the embryo axes of A. araucana.
Figure 6 A 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 greup 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°C, recover growth in only 24% (fig. 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.

Thercfore, 36°C is also the best sublethal tem-
perature to induce thermotolerance in embryo axes
of A. araucana.
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Figure 6, Thermotolerance induction in embryo axes of Araucaria
araucana hy exposure of the t'.sues 10 sublethal 1emperatures.
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 lcthal 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 lnss of viability of the cotyledons could be
due to experimental conditions since they are never

Plant Physiol. Biochem.

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 Carderil,
1983).

This relationship between cotyledons and mega-
gametophyte is perhaps related to another physio-
logical role that the megagametophvie 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
tissue, could tolerate thermal stress. The higher
thermotolerance 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
megagamectophyte (Cardemil and Reinero, 1982:
Reinero et al.. 1983).

The A. uraucana scedlings are sensitive to high
temperature 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 ¢t al.. 1983; Cardemil and Varner.
1985).

The experiments of thermotolerance performed
with seeds and seedlings of A. araucana allowed
us to define the lethal (44°C) and sublethal tempet-
atures {32, 36 and 40°C) for the system. This
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-
thal conditions and therefore can resist lethal tem-
peratures (Lin er al., 1984; Cardemil, 1985). Fur-
thermore the acquisition of thermotolerance by
organisms is correlated with the presence of heat
shock proteins.

The main characteristics of the hsp 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. (¢) The hsp are transient because they disap-
pear under continuous heat shock or when the
organism is put back to normal temperature.

"



() There are hsp of high, medium and low molecu-
lar masses. these last ones being peculiar to the
plant kingdom.

In seedlings of . wraucana ecight hsp were
detected and they tit the hsp characteristics men-
tioned above. Among the hsp of 4. wraucana there

is a prominent protein of 89 kDa. A protein of

identical molecular mass has been reported as hsp
in chicken embryos by Schlesinger ¢r al. (1982)
and it seems to be related to glycolysis: it has been
suggested that it could be ua phosphatase or a
phosphotransferase (Schlesinger, 1985),

There are two  heat  shock  proteins  in
A. araucana seedlings which are good candidates
to be considered the cquivalent of the universal
hsp 70 kDua. These are the proteins 89 and 69 kDa.
Both proteins are present at 28°C and both incre-
ase considerably under thermal stress. Therefore.
strictly speaking the 80 and 69 kDa proteins are
not at all hsp. since the expression of these proteins
would depend of consututive genes whose magni-
tude of expression would be regulated by thermal
conditions.

There ts another protein of 77 KDa expressed
only under heat shock and not present at 28°C.
The protein has a maximum accumulation at 40°C,
but its synthesis seems to be low and uniform in
seedlings treated at 32. 36 and 40°C. Theretore.
this protein may not correspond to the 70 kDa
protein. However. with the methods used in this
work it is not possible to identifv the hsp 70 kDa.
Antibodies raised against a 70 kDu protein from
other organism may help to identify this protein
of A. araucana since 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 coding
for this protein (Ingolia and Craig, 1982; Rochester
et al.. 1986). This is the case tor corn. where
two genes for the protein have 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-
rein of Drosophilu (Rochester et al.. 1986).

There are in embryo axes of A. araucana two

other proteins of high molecular mass. one of
126 and orher of 106 kDa. In corn, proteins of

molecular mass higher than 89 kDa are not present
{Cooper and Ho, {9&3). However. in tobacco pro-
toplasts the expressioni of hsp 120 and 100 kDua
with isoelectric points of 5 4nd 7 has been reported
(Mever and Chartier. 1953).

In A. araucana three hsp of low molecular
masses are present. In the hterature similar pro-
teins have been considered pecubiar to the plant
kingdom (Mever and Chartier. 1983; Cooper and
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Ho. 1983: Cooper ¢t al.. 1984; Kimpel and Key,
1985).

Ubiguitin. 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-
fold under thermal stress (Bond and Schiensinger.
1985: Vierstra. 1987). Under the SDS-PAGE con-
ditions used for protein analyses of A. araucanu
the ubiquitin can not be detected. but the peptide
seems to be expressed in A arawcana seedlings
under heat shock. Indeed. Nortnern analysis of
total RNA using a heterologous probe of chicken
ubiquitin shows an increases of 6-fold of ubiquitin
mMRNA in the embryo axes when this tssue s
exposed 1o 36°C (data not skewn),

The hsp of embryo axes of A, araucana have
their maximum expression at 36°C. Therefore,
36°C is the optimum temperature for accumulaiion
and synthesis of hsp. A kinetic experiment for hsp
appearance shows that the expression of most ol
the new proteins oceurs after 30 min of heat shock.
Very possibly. these proteins are expressed before
30 mun, at a level that is not casy to detect By
clectrophoresis.

[t is aso important to pomnt out that the syn-
thesis of normal proteins in embrvo axes of
A, araucana continues under thermal stress and
does not decline. as seems to be the case for
tobacco or sovbean plants where normal protein
synthesis stops under heat conditions. Therefore.
the embryo axes of A. araucana respond 1o thermal
stress with synthesis and accumulation of new pro-
teins and increased rate of synthesis of many other
proteins already present at 28°C.

Being 36°C the best temperature for hsp expres-
ston. the obvious question 1o ask was if 36°C is
also the best temperature for acquisition of ther-
motolerance. Indeed the experiment of thermoto-
lerance induction by sublethal temperatures in
embryo axes of A. graucuna demonstrated that
36°C is also the optimum temperature for induc-
tion of tolerance to resist lethal temperatures.
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Expression of Cell Wall Proteins in Seeds and
During Early Seedling Growth of Araucaria
araucana is a Response to Wound Stress and
is Developmentally Regulated
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ABSTRACT

Araucaria araucana sceds and scedlings 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 ug of cell wall protein than the embryo in this wound
response. Tissue immunoprints of different parts of sceds and scedlings 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 araucana seeds scems to be developmentally
regulated and tissue specific. since they are present mainly in the megagametophyte and the root cap of the embryo.

Key words: Araucaria araucana, seeds, seedlings, celf walls, hydroxyproline-rich glycoproteins.

INTRODUCTION

Araucaria araucana is a South American conifer restricted
to high mountain areas in southern Chile and Argentina.
Araucaria arqucana 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 arcas 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 subjecied 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 scem 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 sced
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 Araucaria araucana cell
walls from embryo and megagametophyte tissues of seeds
and seedlings.

Abbreviations: HRGP, hydroxyproline-rich glycoprotein; SDS-PAGE, sodium dodecylsulphate- polyacrylamide gel clectrophoresis; c.w.p., cell

wall protein; MOPS, 3-[N-morpholino| propane sulphonic acid.
© Oxford University Press 1991
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MATERIALS AND METHODS
Plant material
Celt walls were prepared and purified as described by Stuart
and Varner (1980) and Cassab er al. (1985) from wounded and
non-wounded megagametophytic and embryonic tissues of ger-
minating seeds of Araucariu araucana.

Cell wall proteins were extracted from purified walls with
0:2 M CuCl, and 2:0 mM Na,S,0, solution.

Analytical methods

The hydroxyproline content was quantified by the method of
Drozdz after hydrolysis of the walls with 6 N HCl at 121 C
for 12 h under nitrogen (Drozdz, Kucharaz, and Szvja. 1976).
Proteins were guantified by the method of Bradford (Bradford,
1976). Arabinogalactan proteins were identified and guantified
by a single radial diffusion test in agarose gels containing g-
glucosyl Yariv reagent (Van Holst and Cliarke, 1983).

Gel electrophoresiy and Western blot analvses

SDS PAGE of proteins was performed  in 30%:8%.
acrylamide: iy acrylamide to make a 7% polyacrylamide gel
and run for 6 h at 25 mA in 0:025 M Tris 0-192 M glycine bufler,
pH 6%, containing 0-1%% SDS. following Lacmmli's method
(Laemmb, 1970). Cationic-neutral gel clectrophoresis of native
proteins was performed as reported by Thomas and Tlodes
(1981). using 30°6: 2%, acrylamide:biv acrvlamide to make a
7% polyacrylamide gel and run overnight at 15mA in 01 M
histidine, 002 M MOPS bufier (3-[N-morpholino] propane-
sulphonic acid) nbE 6-8 as modttied by Cassab and Varner (1987).
After gel electrophoresis halt of the gel wae “tained for proteins
with silver nitrate stain. The other hall was subjected to Western
blot analysis by transfecring the proteins to nitrocellulose paper
overnight at 130 mA using cither the SDS Tris-glycine buffer
or the histidine MOPS bufTer depending on the type of electro-
phoresis. The nitrocellulose membrane was incubated with
primary polyclonal antibody raised agnnst cither giveosylated
or deglycosylated HRGPs from carrot roots used at a dilution

of 1500 or from soybean seed coats used at a dilution of

171500, These antibodies were kindly given to us by Gladys
Cassab and Joseph E. Varner from Washington University.
Department of Biology., St. Louis. MO. The nitrocellulose
membranes were then incubated with a goat secondary antibody
at a dilution of 120000, raised against the rabbit IpG and
conjugated to alkaline phosphatase. The membrane was stained
with nitroblue tetrazolium reagent to detect the reaction product
of alkaline phosphatase using 5 bromo-4 chloro-3 indoyvl phos-
phate as substrate (Cassab and Varner. 1987).

Tissue immunoprinis

Tissuc immunoprints were performed as described by Cassab

and Varner (1987) with sections of quiescent seeds: sections of

seeds imbibed for 48, 72, 96, and 110 h; sections of wounded
seeds and sections of root tips from germinating seeds.

Three types of wounding were performed on the seeds. The
first was made accidentally when the seed couts were removed
prior to seed imbibition, i.c. a lengthwise cut with a razor blade
that also slightly cut the surface of the megagametophyte. This
type of wounding is shown in Fig. I, The second type was
performed intentionally with a razor blade by removing small
picees of the megagametophyte surface, making shallow depres-
sions in it, sce Fig. 3n. The third type was intentionally per-
formed with 4 razor blude by cross-sectioning the seed half-way
through and completing the cross-section immediately before
the print, see Fig. 3n. The wounding of the megagametophytes
was perforined 24- 48 h before the impression of the seed cross-
sections on nitrocellulose membranes.

To make the prints, the tissue was pressed for 205 against
dry nitrocellulose payer impregnated with 4 02M  CuCl,,
20 mM Na,S,04 solution. The wet arca of the paper left by
the sections was air-dried and the nitrocellulose membrane was
incubated with the primary antibody raised against HRGP of
soybean sced coats used at a dilution of 1 1500, In only one
tissue immunoprint the membrane was incubated with a primary
polyclonal antibody raised against a 12 amino acid synthetic
peptide: VEATNSVTEDHY, a sequence not present in cirrot
root or soybein sced coat extensins but present internally in
the derived amino acid sequence of carrot root in a ¢cDNA
clone which codes a 33 kD for proline-rich protein (p33) (Chen
and Varner. 1983). The genetic information for this protein is
ilso expressed after wounding, The antibody against the syn-
thetic polypeptide was kindly provided by Mary L. Tierney and
it was used at a dilution of 1.75 (Tierney. Wiechert, and
Pluymers, 1988).

After incubation with the primary antibody the tissue prints
membranes were treated in the same manner as the Western
blots.

RESULTS

Protein and hydroxyproline contents of cell walls of
waonnded and non-wounded tissues

The amount of protein and the hydroxyproline content
were quantified in embryonic and  megagametophyti
tissues of seeds imibibed for 48 h under wounded anc
non-wounded conditions. Table I shows that hydroxypro
linc content in both tissues. cither expressed as g o
hydroxyproline in 100 g of cell wall protein or as pg o
hydroxyproline 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 highel
in the megagametophytic tssue under wounded condi-
tions compared with non-wounded conditions.

TaBLE L. Hydroxyproline content of CaCly cell wall extracts wnder wounded and non-wounded

conditions

The figures are the average of four experiments with their standard deviations,

Condition Embryo

ng Hyp 100 g cw.p.

Non-wounded 0-8+03

Wounded

ng typ plw

20+0:8 112+

32108 65+ 12 180+ 22

Megagametophyte

s Hyp 100 g cow.p. e Hyp gfw
0-7 17404
250+ 26
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Protein and hydroxyproline contents of eell walls of
germinating seeds and growing seedlings

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

Tissue imnumoprints

The above results are corroborated by the tissue immu-
noprints shown in Fig. 1a. 8. ¢, b 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 1€ is a diagram of the seed of Araucaria arancana
where the megagametophyte. embryos and cotyledons are
seen.

The ussve immunoprints of Fig. 1B and b also reveul
that the root up and the megagametophyte tissue sur-
rounding the root tip are the ones that show higher cross-
reactivity with the antibodies raised against the wall
protein of soybean seed coats. The cross-reactivity of the
root tip and surrounding tissue increases with the age of
the tissue from 48 to 110 h of imbibition. FFigure 1¢ shows
a higher cross-reactivity of the wounded area of the
niegagametophyie that was cut with a razor blade when
the seed coats were removed prior to imbibition. A
diagram of the wounding cut is shown in Fig. I,

Figure 28 shows a magnified area of the megagameto-
phyte section after 110 h of imbibition observed in Fig. 2a.
In this micrograph it is possible to sce that the cross-
reactivity is given mainly by walls surrounding the large
hexagonal cells of the megagametophyte.

In Fig. 3a small picces of the megagametophyte surface
of sceds of 48 h of imbibition were removed 24 h prior
1o performing the cross-sectioning and printing of the
seced on nitrocellulose membrane. A diagram of the
wounding cut is shown in Fig. 38. The membrane was
incubated with polyclonal antibodies raised against
HRGP from soybean seed coats. In Fig. 3¢ seeds of 48 h
of imbibition were cut with a razor blade half-way

Tasrr 2. Hydroxyproline content of CaCly cell wall exiracts of
the whole seed during the imhihition time

The figures are the average of four experiments with their feur standard
deviations.

Time pe Hyp 100 pg cowp. ue Hyp pfu
(hours afler imbibition)
0 03003 05 +01
48 10 +0:20 20+08
72 311030 64105
110 63+ 080 91410
160) 4241°20 52409

Fia. 1 Tissue immunoprints of cross-sections of seeds and longitudinat
sections of root tps of seedlings of Araucaria arawcana (a) Cross-
sections of quieseent seeds. Scale bar - FOem. (1) Crossssections of
seeds and longitudini, sections of a root tip of @ seed embryo, imbibed
tor 48 h. Scale bar = [em. {0) Cross-sections of sceds imbibed for
72 hanw.and imbibed tor 96 hours i b Arrows show 4 small wounded
area by making o ocut with o razor blade. Scale bar = -0em. an
Longitudinal sections of root tps of seedlings after 96 h of imbibiton,
Svale bar= 0 cm. (1) Diagram of a longitudingl section of i seed of
Arancariu araucana. M, megagametophyte; E embryo, C, cotyledons.
Scale bar < 'S enm (1) Duagram of the seed showing the lengthwise cut
performed acadentally on the megagametophyte with a razor blade
when the seed coats were removed. Arrows show the wounded area of
the tssue. Dashed lines show the cross-section performed to make the
print pointed with the arrows i Fig. e, The antibody used in all prints
of Fig. T was raised against soybean seed coal extensin. R, stands (or
roots,

Fi16. 2. Tissue tmmunoprinl of a megagametophyte cross-section alter
110 h of imbibition: 1t is shown in (A) at the actual size. The arrow in
(A} shows the area that has been magnified in (8). where the cell walls
cin be observed as the cell structure giving the strongest cross-reactivily
with the extensin antibody from soybean seed coats. Scale bar in (A) =
I em: i (1) = 3K nm.

through; after 24 h the cut was continued through the
seed and then the sections were printed on a nitroceltulose
membrane. A diagram of the wounding cut is shown in
Fig. 3n. Next, the membrane was incubated with poly-
clonal antibodies raised against the synthetic polypeptide
derived from the p33 ¢cDNA coding sequence as rzported
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Fi. 3 Tissue immunoprints o partiadly wounded seeds of 48 h of

imhibittor (a) Areas of crossssections of seeds which were wounded
24 h betore the printing. by removing small pieces of the surface of the
mepagametophste. The wounded arcas show a stronger cross-reactivaty
with the sosbean seed coat evtensin antibody tarrows) Scale bar -
O cm. () Diagram shewng the type of wounding cut performed in
(A). Arrows pont the wounded urea of the megagametophyte The
dashed lines correspond o o crossesection of the seed to make a print
(C) Arcis of cross-sections of seeds which were wounded 24 h before
the primtine by cutting the seeds half-way through The mitrocellutose
paper wis incubated with anubodies rised agamnst the 12 amimo aad
synthetic polypeptide denved from the coding sequence of p33 The
wounded areas show o stronger cross-reactinaty with the antibody
turroswsy Scale bar - 1O em (o) Diagram shownyg the type of wounding
cut performed m o). Arrows pomnt the wounded areas of the megaganie-
tophate. The dashed lines correspond to a cross-section of the seed
performed 1o mahe o print a non-wounded section. b, complete
wounded section.

by Chen and Varner (19%35) and by Tierney er ol. (1988).
In both Fig. 34 and 3¢ there are two control sections:
onc of them was completely sectioned for 48 h and is
misrked as section A and the other was only cut completely
just before the printing and is marked as section a.

SDS pelvacrylamide get electrophoresis and Western bl
analvsis of the cell wall proteins

Figure 44 shows a silver stained SDS PAGE gel of the
proteins extracted from the cell wulls of embryo and
megagametophyte tissues. Figure 48 is a4 Western blot
performed with the same samples. The gel shows that

multiple proteins can be extracted from the cell walls of

these tissues with a solution of CaCly and Na,S,0x.
However. only three protein bands cross-react with the
antibodies raised against HRGP of carrot cell walls
(Fig. 48). The bands also cross-react with the antibodics
raised against HRGP of sovbean seed coats. The estim-

kD -
ey

==116.0

2
A ap

b
- 580
- 485
- 36,5
- 26.6

Fio 4 SDS pobyacrslamide gel electrophoresis of cell wall protemns
from embryo and megagametophste tssues. (a) Gel stamned with silver
mitrate. (8) Western blot of the same electrophoresis using anti HRGP
ratsed agamnst glhycosvluted extensin from carrot root tssue. Arrows
show the corresponding bands of (a) and (5). Molecular wesght nuarhers
(MS) are shown at the margm of (a) and (o). In t8) the molecular
werght markers are skowan with the moleeular weight values expressed
w kD Lane T of (a) and tw) are protems from megagametophyite
extracted with N, S,0, and CaCl, Lance 2 of (a) are proteins from
the embryo entracted with N, S,0 0 and CaCl,.

ated molecular weights of these proteins are 187, 134,
and 81 kD.

Cuationic neutral gel electrophoresis and Western blo
analyvsis of the cell wall proteins

Due to the basic nature of the HRGP. thise proteins
run towards the cathode () in polyacrylamide gels at a
near neutral pH of 6:8. To see if these cell wall proteins
of Araucaria araucana which cross-react with HRGP
antibodies are basic proteins when run in SDS PAGH
Western analysis. we performed a cationic neutral gel
clectrophoresis of the native cell wall proteins, followed
by Western blot analysis under cationic conditions.

In nutive cationic gel electrophoresis systems only two
proteins penetrate the gel (Fig. 5a). Both cross-react with
the antibodies raised against cither the glycosvlated or
deglyeosylated HRGP from carrot. Figure 5 shows the
cross-reactivity of Arancaria araucana cell wall proteins
with the antibadies raised against glycosyvlated carrot
HRGP. These bands also cross-react with the antibodices
ratsed against RGP of sovbean seed coats,
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FiG. 3. Cationie neutral gel electrophoresis of cell walls of Arawcaria
araucana extracted with Na, 8,0, and CaCl, 48 h after wounding. ()
Cationic neutral gel stained with silver nitrate stain. Lane 1: 0-3 g of
glycosylated HRGP from currot root. Lane 2: 20 ug of Araucaria cell
wall proteins. Lane 3: 1:0 g of deglycosylated HRGP from carrot root.
Lane 4: 10 ug of glycosylated HRGP from carrot root. (#) Western
blot of cationic neutral gel electrophoresis incubated with polyclonal
antibodies raised against glycosylated HRGP of carrot root. Lane
11 20 ug of Araucaria cell wall proteins. Lane 2: 10 g of glycosylated
HRGP from carrot root. Arrows show the corresponding bands of (A)
and (8).

DISCUSSION

From our studies it is clear that the cell walls of different
tissues of Araucaria araucana seeds and seedlings contain
proteins that can be extracted by buflers of high ionic
strength. The proteins extracted from the cell walls of
A. araucana 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 relcased 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 preteins 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 Araucaria
araucana 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 Araucaria araucana
tissues give a negative reaction with the g-glucosy! Yariv
reagent (data not shown). Furthermore. the proteins show
cross-reactivity with antibodies prepared against glycosyl-

ated or deglycosylated HRGPs from cell walls of carrot
roots.

As in the case of other HRGPs reported (Stuart and
Varner, 1980; Chen and Varner, 1985; Showalter, Bell,
Cramer, 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 (Cardemil and Tordan, 1982). Indeed. previous
work performed by Cargemil 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
seedling growth since this tissi:e encloses the cotyledons
during the development of ihe seedling (Cardemil and
Reinero, 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
tissuc of A.araucana, 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 ceil 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 antibodics.

The HRGPs of A. araucana 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
sced 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 A. araucana seeds. That the extensins are
developmentally regulated and tissue specific has been
already demonstrated during development of angiosperms
by Cassab er «l. (1985) and Hood et al. (1988). Our
results show for the first time for the gymnosperm plant,
A. araucana. that the cell wall proteins are also develop-
mentally expressed during germination and early seedling
growth.

SDS--polyacrylamide 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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profein bands cross-react with the antibodies raised
against carrot root extensins.

The broad pattern of migration in 7% polyacrylamide
gels containing 0-1% SDS suggests that these proteins
could by glycoprotcins.

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

The HRGPs reported so fur 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 under cationic conditions (Cassab
and Varner, 1987; Thomas and Hodes. 1981). Two of the
three proteins of Araucaria araucana which cross-react
with extensin antibodies run in gels under cationic neutral
conditions.

The observed accumulation of these proteins in plant
cell walls during development. wounding and infection
suggests o role in plant protection and plant defence
(Showalter er al.. 1985). Therefore. the presence of these
proteins in the cell walls of the embryo and megagameto-
phyte of Arancaria araucana seeds may be related to con-
servation and propagation of this endangered species in its
harsh natural environment. Seeds and seedlings of Arau-
caria araucana are ditlicult to propagate and grow under
environmental conditions other than those of the restricted
geographic area of Chile where Araucaria forests still exist,
because the climate. soil. and biological fuctors including
fire. animals (though mainly birds which cat the seed and
propagate 1) and humans make the natural regeneration
and propagation of the seed difficult. How these proteins
may function in protection and defence is unknown but
they may cross-link to form a chemical mechanical barrier
and or provide sites of lignin and carbohydrate deposition
during the assembly of new cell walls or during wall repair
(Whitmore, 1978; Varner and Lin, 1989).

Purification of these proteins for amino acid analysis
and sequencing is underway.

ACKNOWLEDGEMENTS

We thank Dr Joseph E. Varner and Dr Rafael Pont
Lezica from the Depurtment of Biology. Washington
University. St. Louis, MO, for extensive revision of this
manuscript. and Dr Gladys Cassab and Dr Mary Tierney
for their gencrous supply of antibodies. We also gratefully
acknowledge the following supporting  grants —
FONDECYT 016088. CONICYT/NSF 84-201. AID
grant DEP-5542-G-5S-8073-00.

LITERATURE CITED

Branrorp, M. M., 1976, A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the

principle of protein dye binding. Analvtical Biochemisiry, 72,
248-54.

Carpesmit, L., und Joroax, M., 1982, Light and electron
microscopy study of an in vitro cultured female gametophyte
of Araucariu aruucana (Mol.) Koch. Zeitschrift fiir Pflunzen-
physiology, 107, 329. 38,

and Reizero, AL, 1982, Changes in Araucaria araucana
sced reserves during germination and carly seedling growth.
Canadian Journal of Botany, 60, 1629 3K,

—und VarNer, J. E., 1984, Starch degradation metabolism
towards sucrose synthesis in germinating Araucaria araucana
sceds. Plunt Physiology. 76, 1047 -54,

Cassan. G.. Nieto-Sorero, J.. Cooper, 1. B, Vax Hoist. G.
J.. and Varxer, 1 E. 1985 A developmentally regulated
hydroxyproline-rich  glycoprotein from the cell walls of
soybean seed coats. Plumt Physiology, 77, 532 5,

and Varxer, 3. E. 1986, A new protein in petunia. Nature,
323, 10
1987, Immunocytolocalization of extensin in develop-
ing sovbean seed coats by immunogold-silver staining and by
tissue printing on nitrocelivlose paper. Journal of Cell Biology,
105, 2581 &.

CNc)and Varxsiwr, )L 19835, Isolation and characterization
of cDNA clones for carrot extensin and a proline-rich 33 kDa
protein (wound response). Proceedings of The National Acad-
emy of Sciences, USA, 82, 4399 4403,

Drozbz. M., Kieeenaraz, Eooand S2via, L 1976 A colori-
metric micromethod for deternunation of hydroxyproline
in blood serum. Zeitschrife fiir Medical Laborieclnik, 17,
164 71

Hoob, E.. Suex, Q. X. and VARNER, J. E., 1988, A development-
ally regulated hydroxyproline-rich glycoprotein in maize peri-
carp cell walls. Plant Physiology . 87, 132 42,

KigLiszrewske, M. and Lasport, D T AL 1987, Puritication
and partial characterization of & hydroxyproline-rich glyco-
protein in g graminaceous monocot Zea muays. Ibid. 85,
823 7.

Lavmars, U KoL 19700 Cleavage of structural proteins during
assembly of the head of bacteriophage T, Natre, 227,
680 S,

Lavrort, DT AL 1965, The protein component of primary
cell walls, Advances in Botany Research, 2, 151 218,

1969, The isolation and  partial  characterization  of
hydroxyproline-rich glycopeptides obtained by enzymatic de-
gradation of primary cell walls. Biochemisiry, 8, 1155 63.

Moxtartpo, P 1974, La bio-ecologia de Araucaria araucanu
{Mol.) Koch. Instituwee Forestal Latinoumericano de Investiga-
cion v Cupacitacion. Boletin, 46-48, 3 - S,

Stuowarter, A. M. B, JONG Craser, Co L, Baney, 1A
Varnir, J. Eooand Lass, Co L. 19850 Accumulation of
hydroxyproline-rich glycoprotein. mRNAs in response to
fungal clicitor and infection. Proceedings of The National
Academy of Sciences, 82, 6551 5,

Swmit, 1) Murpoos, EoPoound Lamport, DT, AL 1984,
Isolation of extensin precursors by direct clution of intact
tomato cell suspension cultures. Phytochemisiry, 23, 1233-9,

Sruart, Do AL and Varser, Jo E. 1980, Purification and
charactenization of a salt-extractable hydroxyproline-rich gly-
coprotein from acrated carrot dises. Plant Physiology, 66,
787 92.

THoMas, J. M. and Homs, M. E. 1981, A new discontinuous
buffer system for clectrophoresis of cationic proteins at near-
neutral pH. Analviical Biochemistry, 118, 194 6.

TwrNey, Jo L, Wikcnert, Jo Ho, and Pruvsmirs, D., 1988,
Analysis of the expression of extensin and p33-related cell


http:Ihvtotiu'ni.tr
http:CArDE:.Nt

Cardemil and Riguelme-—Cell Wall Proteins of Araucaria araucana

wall proteins in carrot and soybear. Moleculur and General
Genetics, 211, 393-9.

Van Housr, G. J., and CLArkE, A, E., 1985, Quantification of

arabinogalactan-protein in plant extracts by single radial gel
diffusion. Analytical Biochemistry, 148, 446 -50.
and VARNER, J. E., 1984. Reinforced polyproline 11

421

conformatiun in a hydroxyproline-rich cell wall glycoprotein
from carrot root. Plant Physivlogy, 74, 247 51,

Varner, J. E., and LIN, L.-5., 1989, Plant cell wall architecture.
Cell, 56, 231-9.

Whrrmore, F. W, 1978, Lignin -protein complex catalysed by
perioxidase. Plant Science Letters, 13, 241 35,



(1) Title: Two major proteins present in the ceil walls of
seeds and seedlings of Araucaria araucana are
peroxidases.

(2) Authors: hlejandro Riquelme and Liliana Cardemil’.
Departamento de Biologia, Facultad de Ciencias,
Universidad de Chile. Casilla 653, Santiago,
Chile.
Phone: (562) 271-2865.
FAX: (562) 271-2983.

(3) Key Words Index- Araucaria araucana, cationic neutral gel,
conifer, embryo, megagametophyte, o-Phenylenediamine,
danzylhydrazine, horseradish peroxidase.

" To whom correspondence should be addressed.

Abbreviations: o-PDA, o-Phenylenediamine; PAGE, polyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; Vmax, maximun
velocity; Km app., apparent Michaelis constant; kDa,
kilodalton; MOPS, 3-[N-morpholino]propanesulfonic acid; CAPS,
3-[cyclohexilamino}-1-propane-sulfonic acid; Bis-Tris,
bis[2Hydroxyethylimino-tris[hidroxymethyl]methane; pI,
igoelectric point; EU, enzyme unit; MM, molecular mass.



Fax from Dr Terence A.Smith Tel. 0275 85 4317
Executive Editor,
Phytochemistry, Fax No. 0275 39 4007
Research Station,
Long Ashton,
Lristoi bSlu 9Ar,

England
To:- Dr L. Cardemil, .
Departamento de Biologia Fax No.
Facultad de Ciencias 56 2 271 2983

Universidad de Chile
Casilla 653
Santiago, Chile’

Number of pages to follow:- 0 Date 9/5/92

Dear Cardemil,
Ms 128 Two peroxidases from cell walls of Araucaria araucana

Thank you for your fax of 29 April.

It seems that you have not received our letter of 26 February in
which we sent the referee's report on the above paper. Since this
letter appears to have been lost in the mail, I am trying to
expedite the processing of your manuscript and I have now edited
this and am sending it to you by air mail for revision. Please
check my corrections, and rewrite your manuscript according to the
instructions written on the title page. Retype only when needed
for clarity, and return to me in Bristol, together with the
original pages.

Please follow the Instructions to Authors given in the January
copy of Phytochemistry.

W:* look forward to hearing from you.

Yours sincerely,
/ A

;Q.w
Terence A. Smith [:7



(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”’. Kinetic studies of these
peroxidases define a Km app. of 13.6 mM for H,0, and 3.4 mM for
o-Phenylenediamine (o-PDA). The Vmax is 525 pmol o-PDA
oxidized min™- mg™. 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 psroxidases increases upcn 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.



(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 B-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 plapt protection against
pathogens and wounding (4, 5) and they also seem to have a role
in cell elongation control (6). Percxidases are the most
studied plant enzymes due to their abundance in plant tiscues.
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



4
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
germination. 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.



Results and Discussion
Cell wall 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 sceds.
The proteins had MM of 145 and 83 kDa. After wounding there
was a considerably increase 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 Qounded seeds, (14, 15).

Cationic neutral electrophoresis of these proteins
demonstrated that they have a basic nature at a gel pH 6.8. The
proteins couid 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. 1In the insert,
a photograph of a SDS-PAGE analysis 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 heve
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 éf the proteins also rules out they could
be arabinogalactans (18). Furthermore, the B-glucosyl Yariv
antigen (19) has demonstrated that the arabinogalactans are not

present in the cell wall extracts of Araucaria araucana (13).

A



Identification of the two major proteins as peroxidases.

The peroxidaces 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 H,0, (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 H,0, was obtained
together with the derived graph of Lineweaver Burk for o-PDA
(Fig. 5 A and B). The effect of the increment of H,0, 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™ with a Km app. for H,0, 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 H,0, to the active site is the rate limiting step
because a four fold higher concentration of H,0, 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 H,0, (over 64 mM).
Other peroxidases like those isolated from cell walle of
lupines are inhibited with concentration of 0.75 mM of H,0,
and peroxidases of tomato cell culture are inhibited with
a concentration of 0.1 mM (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 enzyme 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 oxidized-min™. The 1/2 of the
maximal activity occurs at pH of 4.6 and 5.6. This optimal pH
might suggest that thése 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 migratior. 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 afiter 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
~omponents were compared with those present in a horseradish
peroxidase (22). In both cell wall peroxidases, galactose
was the predomirant 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 abﬁndant 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 remeained 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 peroxidase 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.

o
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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 oriqinate the 83 kDa form by degradation.
Purthermore, the 83 kDa peroxidase is resistant to heat in the
presence of 5M urea while the 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 araucana are related

proteins.
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(6) Experimental

Biological material. Uncoated seeds cf Araucaria araucang
(Mol.) Koch were sterilized in a 5% sclution of commercial
leach for 15 minutes at room temperature. \"he seeds were
qgerminated 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 CaCl, in 2mM Na,S.0, from the wounded
and non wounded seeds using the method described (i6, 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 HC1,
PH 6.8. The salt free solution containing the proteins was
obtained by ultrafilﬁration 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 S5M
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 90°C 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. Fractions 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 CsCl
were disolved in 3 tﬁl 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 ug 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 4°C.

After centrifugation the tube botrtoms were pinched off to get

fractions of 6 drops each. Five pl from each 5 fractions
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were used to measure the refraction index using a Bausch & Lomb
refractometer. The 2mount of proteins was determined in the
fractions 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% H.O, as substrates. The buffer was 0.I1M
sodium citrate, pH 5.0 (27). After visualization of the bands
the reaction was stopped using successive washes with deionized
water. The gels were dried 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 0.012%
#,0, in 0.1M sodium citrate, pH 5.0. After 10 minutes of
incubation at 25°C the reaction was stopped by addition of
10 pl of B-mercaptoethanol to the reaction madia. The
absorbance was measured at 450 nm in a Schimadzu UV-240
spectrophoromerer. One enzyme unit (EU) was defined as the
amount of enzyme vhich oxidizes 1 pmol of o-FuA-min~%.

Standard curve to quantify the oxidized o-Phenylendiamine.
Known quantities of o~-PDA in the range of 10-100 pg were added
to one ml of the assay mix made up 32 mM K,C,, uxcess of
horseradish peroxidase (Sigma type VI) and 0.1M sodium citrate,
PH 5.0. The reaction mix was incubated at 20°C until the

absorbance reached a maximun and remained stable at
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450 nm. At this point is assumed that all the substrace is
converted into product. In the standard curve the absorbance
at 450 nm was plotted against the concentration of oxidized
1)=-PDA.

Determination of the optimal pH of the cell wall
peroxidases. The reaction mix used was 5.5 mM o-PDA and 4 mM
H,0, made up in the corresponding buffer to which 0.42 ug of
proteins was added. For the pH range between 3-5 the buffer
used was 0.1M sodium citrate; for pH 6 was 0.6 M Bis-Tris; for
pPH 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 A,, v/s time and
obtained in the Shimadzu UV-240 spectrophotometer and was
expressed in pmol of o-PDA oxidized-min’.

Kinetics studies. Initial vwelocity as function of the H0,
concentration. The standard conditions of the reactions were:
0.42 pg of purified pfoteins added to 1 ml of a mix containing
5.5 mM o-PDA and from lrto 64 mM H,0, 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 H,0, 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 ar described above. The
kinetic parameters were calculated taking the average values
of the Lineaweavwr-Burk, Hanes and Eadie-Hofstee plots.

Identification of the peroxijdases 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 reéidues 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 ul of 2N TFA heating for
1 hour at 121°C. The TFA was evaporated under vacuum and the
product of the hydrolysis was resuspended in deionized water.
The sugar analysis was performed in a Knauer HPLC type 364
equipped with a column of CARBOPACK PAl (Dionex Corporation,
USA) and using 5.25 mM NaOH as sclvent. Sugars were detected
with a gold electrode present on the Dionex pulsed amperometric
detector.

Determination of the peroxidase expression during
development. Cell wall proteins of quiescent seeds and ffbm
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. After
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 ﬁsing

the Scannedit computarized program.
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Figure Legends

Figere 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 l:raded with amount of proteins present in 250

mg of dried walls.

Figure 2. Chromatoiocusing 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
-=-0-- PpH.
EWIR 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 those¢ present in the

crude extract (lane 1).
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Figure 3. Isopycnic centrifugation in CsCl gradient of the cell
wall proteins.
— Proteins elution pinfile.
-~-- Density gradient
@mm Fractions where the two proteins are found.
The centrifugation tube was loaded with 500 pg of crude

extract of cell wall proteins.

Pigure 4. Peroxidase activity after cationic neutral gel
electrophoresis of the cell wall proteins. The electrophoretic
gel was incubated with o-PDA and H,0,. 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 ug in 20 mM H,0,. The temperature of
incubation was 20°C. '

B. Lineweaver-Burk plot of A.

C. Saturation curve of H,0,. The amount of protein used in each
assay was 0.4 ug in presence of 1 mg ml of o-PDX. The
temperature of incubation was 20°C.

D. Lineweaver-Burk plot of C.

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

is expressed in umol of o-PDA oxidized- min™’.

N
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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 stained 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 kDa peroxidase.

---0--- 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 Unite of . Specific b Protein EU
ml mg Activity Activity
Crude 50 0.576 92.8 161.1 100 100
EBxtract
PBE-118 3 0.078 27.4 3s1.2 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. BU, enzyme units: pmol o-PDA oxidized-min™

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

83 kDa protein 145 kDa protein Horseradish »

Sugar peroxidase
Hg sugar/mg protein

D-galactose 72.4 % 2.9 (61.1%) 76.8 t 1.6 (75.18) 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 £ 0.6 ( 1.6%) 4.5 £ 0.9 ( 4.4%) 48.2 (32.1w)

L-arabinoss 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
@ 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 g.4d.
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Abstract.

At temperatures from 25 to 35°C, 100 % of Prosopis
chilensis seeds germinate within 24 hours. At higher
temperatures the germination rate is reduced; at 50° C, seeds
do not germinate. After germination at 25°C, the optimal
temperature for seedling growth is 35°C and the seedlinge do
not grow at a temperature of 50°C. However, when germinafion
is at 35°C, the optimal temperature for seadling growth becomes
40°C and some seedlings grow at 50°C, suggesting that
thermotolerance is induced during seed germination at 35°C.
Further thermotolerance can be induced in seedlings germinated
at 35°C, 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-pclyacrylamide gel electrophoresis
of the proteina synthesized and accumulated during two hours at
temperatures of 35°, 40°, 45° and 50°C in the pressnce of
[”S]methionine; revaals the expression of eleven proteins not
detectable at 35°C. Most of the proteins present at 35°C also
increase in expression. The temperature for maximal expression
of cthese proteins is 45°C. We conclude that Prosopis chilensis

has a thermotolerance about 5°C higher than other plants.
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Inte¢odaction.

The greenhouse effect due to the increase of
CO, 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
them plants, with high adaptability to present environmental
conditions. These udaptable plants could be also consider"ed as
natural gene banks. Therefore, ths overall planst’s global
environmantal problems have urged scientists to locok for qsnetic
variability among native plants which can tolerate atress
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 ). P. 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

Prosopisg chilensis, forming small monospecific forests, are found

<N
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in the arid and semi arid regions in Chile. The species has a
geographic distribution from Copiapé in the North {27°8), to
Santiago in the South (33°S), and from the Central Valley (West)
to 2,400 m altitude in the Andes (East). In these ragions 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 P. chilensis has been considered a plant
resistant to heat stress up to now there has been no evaluation
of the physiological and molecular responses of Prosopis Bpeciés
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 25° to 50°C. The acquisition of thermotolerance and the

pattern of proteins synthesized under heat shock, are also

reported.

WA



Materials and Methods.

Source of material. Seeds of Prosopis chilensis (Mol.)
Koch were collected in Peldehue 35 Km East of Santiago at 33°s

latitude, 1988 and 1989.

Seed germination. Seeds not infected by bruchid beetles
were selected for germination. Seeds were first scarified for 1§
minutes in concentrated sulfuric acid and rinsed for 30 minutou
with abundant running water. After the rinse, seeds were soaked
for one hour in deionized water and transferred to germinatidn
‘trays contair 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.
Group3 of 100 seeds in duplicate for each temperature treatment
were germinated at 25°, 30°, 35°, 40°, 45° and 50°C. 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. FPor thete experiments two groups of seedlings
imbibed for 48 hours were used: seedlings germinated at 25°C,
and seedlings germinated at 35°C. All the seedlings were

presoaked for three hours at 25° 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°, 35°, 40°, 45° and 50°C, 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 treatﬁent.

Induction of thermotolerance. Groups of 50 seedlings
each, 48 hours after germination at 35°C, were presoaked ds
described above for two hours at 35°C, after which the lengths
of the embryo axes were measured. The seedlings were then placed
in wet fresh vermiculite and subjected for two hours te 35° or
40°C, prior to incubation for 24 hours at 45°C or 50°C. Two
other groups of seedling were subjected to 50°C for 24 hours,
without pretreatment of 40°C. After the high temperature
treatment the lengths of the axes were measured. Control
seedlings were maintained at 35°C for the whole experimental
period.

Incorporation of f“S]nethionine. Seedlings grown for 48
hours after germination at 35°C, were cut in 1 cm sections. Four
groups containing pieces of 15 embryos sach, 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



8
were washed in running water and soaked in an aerated solution
containing the mineral nutrients of Murashige and Skoog’s media
( Murashige & Skoogqg, 1962 ) and subjected for two hours at 35°,
40°, 45° =nd 50°C. [SImethionine with specific radioactivity
of 3.5 . 10”7 MBq mmol> (from ICN Radiochemicals) was added to
the water at the beginnig 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 [”S]methionine.

Extraction of proteins. Proteins labelled wifh
[”S]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 100°C. The incorporation of
[”S]methionine wag determined in 10 1 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 1liquid 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 colq acetone and
resuspension of the precipitate in 0.01M Tris. A radioactivity

of 80 Bqg ,;g'1 was considered a good incorporation.
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Protein electrcphoresis. The proteins labelled with
[”S]methionine were analyzed by Scdium Dodecyl Sulfate-
Polyacrylamide gel electrophoresis (SDS-PAGE) by the method
described by Laemmli. The running gel was 10% pclyacrylamide
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
game amount of total protein (about 30 ug per channel).' The
electrophoresis was run for seven hours at 180 V, using Tris-
glycine buffer. The proteins bands were visualized on the gél
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 [”S]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 (1'20), 20% ethanol, 30% xylol and 50%
acetic acid for three hours. The PPO was precipitated into the
gels with distilled water for 2 1/2 hours, then the gels were
dried under vacuum in between two sheets cf 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

—r
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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 amonrg tha bands
of the same protein expressed at differa:t 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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Regults.

At temperatures of 25°, 30° and 35°C, 90 to 100 % of
the seeds of ggggég;g chilensis germinate in 24 hours (Pig. 1).
At 40°C the germination rate decreasas to 60% in 24 hours,
however, after 48 ..ours, 90% of the seeds germinate. At 45°C
less than 10% of the seeds germinate in 24 hours and about 20%
are germinated after 48 hours of imbibition. No geeds germinated
at 50°C.

The growth of the seedlings of Prosopis chilensis w&s
determined by measuring the lengths of tnhe 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 lerngth 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 lengthe of the
seedlings are about tlhiree times greater than at 25°C. At 50°C
there is no grdwth.

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 40°C, suggesating
an induction of thermotolerance during germination at 35°C
(Pig. 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 tqree times the length of seedlings grrminated at 25°C
and grown at 40°C for the same period of time (Figs. 3 A and 3
B). After germination at 35°C, some seedlings can now grow at
50°C (rig. 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 thae embryo axes were measured after a treatment Ior
two hours at the temperature of growth of 40°C, followed by an
exposure for 24 hours to the temperature of 45°C or 50°C. 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
35°C. The seedlings treated at 50°C after expnsure for two hours
at 40°C have a growth 16% greater than the seedlings exposed

directly from 35° to 50°C (p <0.01 for each pair by Student's
Test). Therefore, a further acquisition of thermotolerance
is achieved by seedlings of Piosopis chilensis when these are

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

treatment at 45° or at 5{°C.

\\G
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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 50°C in the presence of ["S]methionine was studied (Fig. 5).
The results of the fluorography of the SDS-PAGE analysis of the
extracted proteins reveal that eleven proteins not detactable at
35°C 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, SO, 36, 31 and 24 kDa. Proteins expfeased
under heat shock have been called heat shock proteins, hsp
(Kimpel & Key, 1985 ). Ten out of the eleven bands appear ét
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. 1In
the seedlings there are many other proteins which, being present
at 35°C, have greater expression at 40° and 45°C. The three
mogt prominent are the bands of 80, 71 and 69 kbDa. At 50°C the
accumulation of proteins decreases considerably. However,
there are five proteins, with molecular masses of 103, 80, 71, 69
and 58 kDa which are ftrongly 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.

7
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Discussion.

The seeds of Prosopis chilensis seem to be very able to

germinate at higﬁ temperatures. One hundred percent of the seeds
germinate in 24 hours at 35°C, and 90% germinate in 48 hours at
40°C, temperatures which are considered extreme for germination
in most plants ( Bewley & Black, 1982 ). A8 an example, in seeds
of Araucaria araucana, a South American conifer, germinafion is
reduced by 60% at 40°C . From 35° to 40°C are considered
sublethal temperatures for growth of seedlings in A. nggggné,
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 P.
chilensis and other plant species.

During germinacion at 35°C, the seeds of Prosopis
chilensis acquire thermotolerance, because the temperature for
maximal growth becomes 40° instead of 35°C and some seedlings can
now grow at the temperature of 50°C. The induction of
thermotolerance during germination at 35°C has to be investigated
further to understand the physiological and molecul;r mechanisms

for this protection.
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Our results also demonstrate that the thermotolerance
can be improved further in seedlings with exposure for twe hours
at 40°C prior to treatment during 24 hours at 45° and 50°C. In
other species the'exposure to the temperature of 50°C cannot go
beyond two tuo three hours after the treatments at the sublethal
teaperatures which induce the thermotolerance ( Lin, Roberts &
Key, 1984 ). Seedlings of P. chilensis actually grow daring 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 he&t
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 proteins ere 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 1living organisms may be
summarized: a) The hsp are synthesized under high temperature
stres¢, 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
hsp of high medium and low molecular marses, the last being
peculiar to the blant 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 expresséd
from 40° to 50°C with maximun accumuletion at 45° and 50°C.

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 35°C.

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. 1In this species, the 58
kDa protei.. also seems to be related to the 71 and 69 kDa
proteins because monoclonal antibodies raised agains£ a 72 kDa
hsp of HeLa cells cross react with these three bands (data not
shown). This cross reactivity is not surprising, since a high

degree of conservation in the amino acid sequence of these

i
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proteins as well as in the encoding region of their respective
genes has been reported ( Rochester, Wiener & C¢Cha, 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 l&rgest
molecular mass protein is of 89 kDa ( Cooper & Ho, 1983 ), while
in tobacco protoplasts hsp of 120 and 100 kDa have been reéorted
( Meyer & Chartier, 1983 ).

In our analysis we detected one low molecular maﬁs
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 thé 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 Proeopis chilensis is a plant with high
thermotolerance. Indeed, we have estimated that the
thermotolerarce of seeds and seedlings of P. chilensis is from 5°
to 10°c higher than in seeds and seedlings o Aaraucaria araucapa
( Goycoolea & Cardemil, 1991 ).
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Pigure Legends.

Figure 1.

Figure 2.

Percentage of seed germination of Prosopis

chilensis at different temperatures. Seeds were

germinated at temperatures from 25° to 50°C.
White bars represent the germination percentage
after 24 hours of imbibitior. The dotted bars are
the germination percentage after 48 hours of
imbibition. Standard deviations are shown for éach

experiment.

Grewth  of seedlings of Prosopis chilensis at
different temperatures. Growth of seedling axes
was measured in mm, 24 hours after germination
fwhite bars) and 48 hours after germination

(dotted bars). Standard deviations are shown for

each experiment.

v



Figure 3.

Figure 4.

Compararison of growth of seedlings
treated at different temperatures for 24
hours after germination at 25° and at 35°C.
In A, groups of seedlings from seeds
germinaied at 25°C were grown at temperatures
of 25°, 30°, 35°, 40°, 45° and 50°C for 24
hours. Tn R, groups of seedlings from seeds
germinated at 35°C were grown at 35°, 40°, 45°
and 50°C 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 35°C was considered as 100 %&.

Thermotolerance induction in seedlings from

seeds germinated at 35°C. Groups of seedlings
grown for 48 hours at 35°C were cxposed for two
hours at 40°C before treatment for 24 hours at 45°
and 50°C. The lengths of the axes were measuied in
mm after 24 hcurs of treatment at the sublethal and
lethal temperatuvres of 45° and 50°C, 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
presenée of 1.5 MBq ml™" of [”S]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 bf
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:
«2- Macroglobulin (180 kDa); B-Galactosidase (116
kDa); Fructose~6-Phosphate Kinase (84 kDA);
Pyrﬁvate Kinase (58 kDa); Fumarase 48.5 kDA);
Lactic Dehydrogenase (36.5 kDa); Triosephosphate

Isomerase (26.6 kDa).
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Table I. Protein accumulation and relative intensity of the

* Molecular mags of the hop not present at 35° C.
+ Ralative intensities of the radioactive bands.

radioctive protein bands of seedling axes subiacted

to thermal stress. The molecular masses

and the

relative intensities of the radioctive bands of the

accumulaied 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.

The intenoity is compared among the bands of the same protein.

Molecular
Mass (kDa)
165+
108+
103

95«

83+

80

71

69

60w

58«

S0

36*

31e

24

Control 40°

- ++
+ ++
+ ' ++

+ ++

45°

++

++

+++
+++
+++
+++
++

+++

++
++

+++

50°

++

++

+++
+++
++++
++

+++4+
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Summary.
The contributions of the turgor pressure and the osmotic
potential on the water potential of branch and leaf peticle xylem

in Prosopis chilensis were studied in a Northen—-central Chile

population at 30°S. Leaf water potential (LWP) showed a greater
variability (ca., -2.2 to -B.8 MFa) than the branch xylem
potential (BXP) (ca.; -Z.1 to -4.9 MPa) and leaf peticle xylem
potential (LPXP) (ca., -1.7 to —-3.9 MPa) in daily courses for all
seasons. The RXP was always i LFXF. The LWP was always % BXP and
LPXP, except for somé days at eariy hours. The most negative
values were recorded' after midday.” Osmotic potential in  leaf
petiole was Z.4 MFa 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
petiocle. The branch—leaf petiole connection has undifferentiated
vessel elements with protoplasm (simplasmic route). This data was
corroborated with the specific hydraulic conductance (Cs) values.
Branch and leaf peticle Cs was always >> branch-leaf petiole
connection. The selective advantages of this system are

discussed.

_______________ e e e e e s €t . et > P e St it S S it G e S S P S S

Key words: Water potential - Turgor pfessure - Osmotic potential

- Specific ‘conductance - Xylem - Arid enviraonment - Chile.
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The conduction of water in the branches of all higher
plants takes place in the 1lumina of dead xylem elements
(apoplasmic route). FProtoplasma into vessel elements could only
interfere with water flow (Mauseth 1988). The structure of the
vascular system differs markedly amxng groups of plants species
(i.e., ring-porous species, diffuse-porous species, conifers®
and consequently differs in  the potential wvelocities of water
movement (Zimmermann and Brown 1971). Now then, the water
potential gradiente from swoil to air via the plant, constitutes
the driving force for water mavement, froh-high to low water
potential (Fitter and Hay 1381). 'Under certain_ circumstances,
measured gradient in water potential in high trees are not
consistent with these thecrical gradients. To explain 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 ecasystems 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 membr ane
charac;eristics (Zimmermann and Brown 1371; Salisbury and Ross
1978; Fitter and Hay 1981; Mauseth 1388).

For apoplasmic water, the dominant component is usually the

hydrostatic pressure (pressure potential), contrary the csmotic
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potential is usually negligible. The apoplasmic value of ocsmotic
potertial is usually higher than -0.1 MPa and is often higher
than -0.02 MPa (Koide et al. 1991), though it can be auch 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 Prosopis chilensis, a chilean desert tree

species. This study is part of a major project related to
evaluate the resistance of P. chilensis tc extreme environmental

conditions.

Methods
Study Site

This study was conducted in Quebrada San Carlos (30°02’S,
70°49'W, S20 m elevation), within Observatorioc Interamericano El
Tololo area, SO0 km west to La Serena in the Elqui Valley. The
climate is arid mediterranean with a light maritime influence.
Climatological records from the Vicufa (30°02'5-70°44'W, 730 m
altitude, 8 km west to study 'sjte) show a mean annual
precipitation of 94.9 mm (C.V.= .65.82, range 4.9 - 256.5 mm) for
the 1last 47 years. June (21.€%), Jjuly (28.8%) and august (13.7%)
are the most rainy manths and making 70% of total annual
precip;tation. Temperature and humidity varies daily and
seasonaly. " Mean ‘maximum monthly temperature varies between

29.0°C (Jjanuary) and 13.0°C (july) and mean minimum between

12.3°C (january) and 5.3°C (Yune). Mean maximum monthly relative
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humidity varies between 89% (may) and 847 (september), and
minimum 257% (april) and 377  (june). Total annual tray
evaporation is 2000 mﬁ, and the mean monthly varies between 280
mm (january) and 72 mm.(June).

The vegetation in study area is an cpen desert forest

longest dominated by Proscpis chilensis Mol., with iow 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 1leaf peticle were measured with a
pressure chamber without phloem tissue (Scholander et al. 1965;
Ritchie and Hinckley 1975; Turmer 13981; 1987; Koide et al.
1991). Leaf water potential and, brach and leaf peticle xylem
osmotic potential were measured with psychrometric chambers (C-
52 chamber, Wes:zar Corp., Logan, Utha)l.

Hydraulic conductance

The branch was cut and a hose-system was installed below
the water level. 'Specific hydraulic conductance (Cs) of branch,
peticle and branch-peticle system were determinated for: Cs= (G

A) / dP, where: B= flux rate (m® s~ %), A= transversal section
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area of transversal of sxylem (m*), dP= pressure difference (MPa
M) (eveeeeade

Bfanch-leaf peticle 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 potent@al of branch (éXP) and leaf petiocle (LPXP)
in a 24 h daily course (Fig.1). The mast 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 LWFP was always 2 BXP and
LPXP except early in'the morning (some days).

The pressure chamber method assume that the osmotic
potential in the xylem sap 1is clese to zero. But, the xylem
pressure differerces between the branch and the 1leaf 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.

S{multaneous measurements of asmotic and pressure
potentials " in branch and leaf pet;ole vylem tissues were
obtained from 14:00 to 16:00 during de:-ember 1391 . (Table 1).

This data showed that water poctential gradient was consistent
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with the classical madel (i.e., branch » 1leaf peticle water
potential), and that there exists osmotic potential differences
between the xylem sap of branch and l=af peticle. Osmotic and
water potential in the 1leaf peticle were significatively lower
than in the branch (2.40 and 2.12 MFa of difference,
respectively). The pressure potential mean in the branch was
0.28 MPa 1lower than in the leaf peticle. However, statistic
difference was not fdund during this day pericd.

Hydrauli: conductance.

In table 2 are shown the specific hyéraulic canductances
(Cs) for the branch; the leaf pétiole and the branch-leaf
petiocle system. The ‘branch showed the higher values in Cs
(3.46%107® m*/s MPa), 4.4 fold higher than the leaf peticle Cs.
The branch-leaf peticle system (s was 32z fold lower than the
leaf petiole Cs. The three Cs mean values were statisticaly
differents. This . low specific conductance (i,e., high
resistence) indicates thet the radte of the xylem tissue between
the branch and the leaf petiocle are very =close for tensicn water

flow.

Branch-leaf peticle anatomy.

Anatomical studies confirmed a discentinuity of the

conductive tissue between the branch and the leaf petiocle,
Apoplasmic route of the branch and of the 1leaf peticle xylem
tissues _we?e closed by undifferentiated xylem cells with

citoplasm (simplasmic route). In agreement with the specific

conductivity differences, the diameters of the vessel elements

N\
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in the.branch were sianificative hinher than in the leaf petincle
(branch: X= 52.9 um, s.d.= 14.6 Hm, n= 16; leaf peticle: X= 33.2
pm, s.d.= 13.7 pm, n= 16; t= 3.94, P < 0.001, t-test). Teorical

conductance in a Frosopis ¢hilensis branch vessel will be 6.5

fold high than the 1leaf peticle vessel. Additionaly, 1in death

xylem cells of branch and leaf peticle exist starch granules.

Discussion
Our results indicate that the xylem of the branch-leaf

petiole system in Prosopis chilensis posses a simplasmic route

between two apoplasmic routes. It has not been dogumented so far
in other plant species. This system may explain an osmotic
potential control over water potential in the leaf petiocle.

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 Proscpis tamaruge and some other species

(Connor et al. 1977; Suzuki 19..). Additicnaly, the osmotic.

potential in leaf peticle may be yower than -5 MPa (or less),
increasing the internai reverse water potential gradient. In the
distribution range of éhe F. chilensis, the fog is frequent in
the first morning hours (i.e., relative humidity close to 100%).
We propose that if reverse transpiraticn occurs, it may be

important for recovery of the possible leaf peticle cavitations.

The physical ' compromise between high water flux rate and

lower cavitation risk in Prosgpis chilensis xylem may be

resol ved b& the branch-leaf petiole xylem system. The branch

WM
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shows high water conductivity and high dizineter in their vessel
elements compared with those of the leaf peticle, and a lower
cavitation risk by simplasmic discontinuity in the apoplasmic
route. |

In the semi-desert of Ncarth-central Chile, Proscpis
chilensis is a partial deciduzus tree. The total minimum leaf
area is found at mid spring (15%Z). New leaves appeared at the
end of the spring, and the reprcductive processes occcurred in
summer, ending with abscissicon of fruits at the end of the
summer (Squeo et al. 1991). For mediterranean central Chile
(30°S), Arce and Balboa (1391) dShows the same phenological
pattern, and that the branch xylem tension is 1lower than -3.0
MPa during this pericd. For the same month (october), the branch
xylem tension is at least 2.0 MPa mor e negative in the semi-
desert population than.the mediterranean pocpulation. Besides, P.
chilensis is capable of obtaining subsoil water. However, the
periods of highest demand for evapxtranspiration are when new
leaves appear and reproductive processes OCCuy . Branch
vavitation 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 peticle
xylem system could help to understand © and partially explain the
desert'range distribution c¢f F. 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

N
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the fast transpiratiun rate, b) if cavitation occurs in leaf
petiole, this may be reversed 1in the morning when 1leaf water
potential is higher than the 1leaf 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 Prosgpis species and other

woody desert plant species should be further investigated.
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Table 1. Water potential and their compconent in branch and leaf

petiole of Prosopis chilensis. The data were cabtained 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 (0.939)
Branch -6.07 (1.57) -2.75 10.36) —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 petiocle (csmotic 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

peticle and branch-leaf peticle systems. n = 4 in all cases.
Mean (m*/s MFa) Variance
Leaf peticle 7.84 % 10 2.3 % 10"
Branch 2.46 * 10°® 9.1 * 1077
Branch-Leaf petiole system Z.42 * 10~°® 1.4 % 1o—2®

t-test: Leaf peticle versus Branch (t= 4.64, F < 0,001), Leaf

peticle versus Branch-Leaf peticle system (t= 8.72, F <
0.001), Branch versus Branch-Leaf peticle system (t= €.24, P
< 0.001).,



Fig. 1. Typical daily course of branch (BXFP, square) and leaf

petiole xylem potential (LFXP, triangle), and leaf water

potential (LWP, circle) in Proscpis chilensis. Data corvespond to

may 30-31 of 1931. Each mean shows cne standard errcr bar.
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SELECCION PARA ALTA EXPRESION DE GENES DE RE-
SISTENCIA AL ESTRES TERMICO Y DE HERIDAS EN
PLANTAS. (Biotechnological applicaticns 1in
agriculture and in conservation of nat.ve

plants. Selection for a hiuh dugree <7 gene
expression of thermotolerance and resistance to
woundirg in plants).Goycoalca , C., Riguelme, A.

y Cardemil, L. Dep. de Bioluyla, Facualtad de
Ciencias, U. de Chile. {(Proyecto FONDECYT 0160/
88) .

Las plantas como todos los organismos Vvivos,
responden a situaciones de estrés con sintesis
de nuevas proteinas que parecen estar relacio-
nadas a la proteccidn del organismo cuando es
expuesto a cundiciones extremas del medio am-
biente, Las puevas proteinas detectadas son el
producto final de la expresidn de genes que las
codifican.

Técnicas de Biologia Molecualr y de Biolog{a
Celular, permiten facilmente detectar y cuanti-
tficar la expresidn de estos genes, ya sea, a
través del uso de sondas radioactivas, obteni-
das por la integracidn de la informacidn génica,
contenida en un cDNA, en un plasmidc que ha si-
do clonado en E. cold(, lo que permite detectar
genes y mensajeros, o ya sea, a través del uso
de anticuerpos policlonales que permiten detec-
tar y cuantificar las proteinas.

La respuesta fisioldgica y la expresidén gé-
nica para termotolerancia por semillas y plin-
tulas de Araucar{a atraucana ha sido investiga-
da por fluorografia de proteinas sintetizadas
durante cstrés térmico, en presencia de S-me-
tionina y sometidas a electroforesis SDS-poli-
acrilamida. Los estudios de proteinas han si-
do completados con deteccidn de mRNAs para las
proteinas de estrés térmico: de 70 Kd y de ubi-
quitina.

25



Anticuerpos policlonales, nos han permitido
la deteccidn de proteinas de pared celular que
se sintetizan en condiciones de heridas cortan-
tes en el tejido vegetal, La sintesis de las
proteinas ha sido detectada por electrotransfe-
rencia Western y por inmunoimpresién en nitro-
celulosa de tejidos vegetales sometidos a cor-
tes. Se discute el uso de estas técnicas para
seleccidn de plantas resistentes.



GERMINACION Y CRECIMIENTO DE ULAS PLANTULAS DE PROSOPIS CHI

LLENSIS EN ALTAS TEMPERATURAS Y SU CORRELACION CON EL PA-~-
TRON DE SINTESIS PROTEICA. (Germination and seedling growth
of Prosopis rihilensis and thelr correlation with the pattern
of protein synthesis). Medina; C. y Cardemil 1.. Depto. de
Biol., Fac. de Ciencias, Universidad de Chile.

Semillas de Prosopis chilensis provenientes de la pobla-
cién de Chacabuco fueron escarificadas y puestas a tempera-
turas de 25°, 30°, 35° , 40°, 45° y 50° C., encontréndose
el éptimo a 35° C. El crecimiento radicular fue también
Sptimo a esta temperatura decayendo drésticamente a tempe-
raturas superiores y précticamente detenléndose a 45° C.
Plintulas germinadas en condiciones éptimas logran crecer
a 45° C., lo que se incrementa si previamente se someten a
un tratamiento de 2 horas a 40° C.

Es conocido que, en ura variada gama de organismos inclu
yendo los vegetales, la elevacién de temperatura a niveles
supradptimos induce cambios en el patrén de sintesis de pro
teinas y éste ce estudid en Progoptis chileneis.

Avices radiculares fueron incubadcs en presencia de un
precursor de proteinas radiactivo (Met-535) a diferentes
temperaturas. La fluorografia de electroforesis SDS mues-
tra aparicién de nuevas prote{nas a temperaturas superio-
res a 35° C., alguna de las cuales podria tener importancia
en latolerancia de Prosopis chilensis a altas temperaturas.
(Proyecto FONDECYT 0160/88).
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EFYECT OF THE TIMING OF Coth STORACE ON COLD HARDINESS OF
INTERIGR DOUGLAS-FIR SEEDLINGS

Karen B, Burr & Richard W, Ti-us U.S5. Forest Service, Rocky
Mtn. Forest and Range Exp. Stn., Flagstaff, a2 8500]

Coid storage of dormant tree seedlings 18 an essential tool fn
the successful production and establishment of forest planting
stoik. Thus, to malntain stock quality, we must know the
impact of storage on seedling cold bacdiness. Actively growing
container secdlings were acclimated in growth chambers as
follows; 4 wks SD20/N1S (10-hr dav), 16 wks SDIO/NI, At weekl,
intervals, cold hardiness was measured by electrolyte leakage
froa needles, and seedlings woio transferred to 1°C dark
sterage for - whs,  Cold hardiness was reassessced following
storage.  The relation between cold havdliness and grovth
chazber accliration tine was sigmoidal, with a maximum stable
harainess of -32°C (LTS0) reached in 14 wvecks,  Cold hardening
conttnued tn sturage regardless of when during acclimation
seealings were stored. Thus, cuid hardening was restarted in
storage after stabilizing under growtn chamber conditions, In
additton, tmmediate reacclimation (2°C/uk) of deacclimating
seedlings (LD22/%N22, l4-hr Jsy) was passible in storage,

1207

COORDINATION OF C AND N METABOUISM OF BEAN PLANTS GROWN UNDER
DIFFERENT ROOT TEMPERATURES

Evgene Koshiun and Nicolai Tretakoy, Dept. of Plant Physiol., Agr. Academy,
127550. Moscow, USSR.

The eflect of root temperature on C and N metabolism of non-nodulated bean
plants was determined lor rool lemperalutes of 12, 22 and 32°C. Shoot
lemperature was mainiained at 22 *C with 3 16 hr photoperiod (400 umol m 2
f‘MRJGaemhmemuwmmmwmmemmmdmmwmomMde
separalely lor the intact roots and shools al 3-4 day infervais throughout the
experimental penod (80 days). Photosynthesis, respuation {on a whole ptant
basis) and seed yield were approximalely 2-lold greater at roc! lemperaturas
o0l 22 °C thza at 12 °C, and ntermedhate to values at 32 °C. Over the
expenmental nenod, tue growth etliciency (0.78-0.81), photosynthetic
eflcaency (1.40-1.70 g C per g seed), true respitatory C loss (tofal minus
mamnienance resy.vation) on a seed yield (0280329 C per g) and protein
yeld (6.63-7.22 g C ner g N) basis remained laly constant regardiess of root
lemperature. These da'a suggest thai long term adaptation of the plants to
Qrowth condibions causes compensalory changes in photosynihesis, respiration,
and C and N metabolism which are coordinated lor optimal elficiency.

1208

Cmtdal 0a)3ation Cf wtat 1MJURY W CAAPES USIwe ump nETuoOs
fhasrcs scass, & 2 8. Rajesnerar nart. Dept. Lsnsas Stete vailv,,
#arrattan, E3 865l
Via ovarse reisastian times €123 of tissue water (‘l) fn leavas and
S=8peNnt10n Call Cuitures of erape hybrids (yig13 spp, ev Veeblanc and
bYOros) were Leasured at various temperatures. A sharp decrsase in 1
ter tne asjer fraction of t1ssue water was observed In asso/ (ation
wilRh Rest in,ury 'n toth leaves and suspension-calt cuitures. The
n Iz 48 8 raeasuit of AhNeat injury were Irraversible as
i$81€3 Ly & tepperature dependent hysteresis of lz in seamples
A.;;::lcu ts heat injury. Qesults on lz using paramsgnetic probe

in- ) svgeest thet the lasams Sesbrane s irreversibly decaged at
the thjury temperature resui’ting in [ loss of cell
fcmzartmentalizetyicn. lz for the ma,or fraction of tistue woter was
BUERiticantiy smalier In hesat-viiieg tissues than in live tissues

T, tir the 88,0r fraction of tiss.e weler in tive leaves and cell
Cuvtourts, Goped with mn*® (0.01M) was $2.8 as any 87 ms end decrensed
La 5 % ms and 14.3 ay reSpectincly dfter hret-N1lting.
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CHANGES IN THE PATTB OF PROTEIN SYNTHESIS OF PROSOPIS CHILENSIS
IKDUCED DY HIGH TEMPERATUHES.

Conzuelo Medina & Liliana Cardemil Dep. de Bioi., Facultad de
Ciencias, U. de Chile, Suntiago, Chile.

Seeds of Prosogig chilensis, a legumincus tree from seml-arid
reglons of Central Chile, were ferminated at temperatures of -
30-35-40-45 and S0¢C. CGermination was 100% between 25 and 40%C,
being faster at 359C, The best temperature for root growth was
also 1359C. There was not germination at 50si(. However, seedlings
coming from seeds germinated at 358C were capable of growing at
higher temperatures of 45 and S50RC. Pattern of protein synthesis
was followed in ruots Incubated with S-methionine at tncreasing
temperatures between 315 andg 50%C. SDS-PAGE of the proteins fo-
1lowed by fluorography shows that at temperatures above 35eC,
new protein bands appear while others become thicker. Most of
the protein bands have decreased at 50%C., with the exception
of the new bands. A band of 10 Kr, that {a present at 359C, {s
more prominent at S(09C. These proteins may have an important role
in the thermotolerance of Prosopis chilensis to stressing tempe-

ratures. AID Grant ¢ DPE 5 3-00 & FONDECYT 0160/88.

1210

UNICONAZOL- INDUCED AMELTORATION OF LOW TEMPERATURE DAMAGE IN
CUCUMBER SEEDLINGS IN RELATION TO ANTIOXIDANT ACTIVITY

Abha Upadhyaya, Tim D._Davis, R.H. Walser, A.B. Galbraith, &
N._Sankhla, Department of Agronomy and Horticulture, Brigham
Young University, Provo, UT 84602

Cucumber seedlings were treated with 0 or 100 ug of soil-
applied uniconazol (UNI), a qibberellin biosynthesfis inhibitor,
and then exposed to 22 or -1C for 8 h one week later. Follow-
ing exposure to -1C, electrolyte leakage from leaf tissue of
treated plants was about 33% that of the controls indicating
that UNI reduced low temperature damage. Following low temp-
erature exposure, the content of malondialdehyde was about 25%
less in treated seedlings indicating that UN] decreased low
temperature-induced 1ipid peroxidation, Uniconazol-induced
low temparature tolerance was accompanied by increased levels
or activities of various antioxidant systems including qluta-
thione, peroxidase, and catalase. These results are consist-
ent with the hypothesis that triazole-induced stress tolerance
is due, at least in part, to increased antioxidant activity
which reduces stress-related oxjdative damage to membranes.

1211

SURVIVAL STRATEGIES OF PLANTS DURING WATER STRESS
R. Scheuermann, T. Stuhlfauth, D. Sultemeyer, H. Fock

Universitit D-6750 Kaiserslautern, FB Biologle

Fluorescence and gas exchange of bean, maize, sun-
flower and wooly foxglove were simultaneously meas-
ured as described by Stuhlfauth et al, (Plant Phy-
stol, 86, 246-250, 1988) at 250 umol quanta/m?2/s.
Under severe water stress conuitions about 40 % of
the photochemical energy was converted to heat at

PS Il. This is {nterpreted as a protective mechanism
against photoinhibitory damaye when net CO, uptake is
reduced by about 70 8. After 10, gas exchange, only
in bean a homogenous distribution of radioactivity
over the leafl was observed. In all other plants we
found a patchy distribution of regions with either an
intensive or a reduced gas exchiange., We conclude that
COs-recycling (photorespiration and reassimilation)
behind closed stomata also contributes to energy
dissipation under severe stress conditions.
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CHANGES IN THE PATTERN OF PROTEIN SYNTHESIS 1IN TWO Tr.ES 0¥ Cilit,
ARAUCARIA ARAUCANA AND PROSOPIS CHILENSIS, INDUCED BY HIGH i EMPERATURE.

Cardemil, L.; Goycoolea, €. and Medina, C. Deparitamento de Riologia,

Facultad de Ciencias, Universidad de Chile.

Araucaria araucana constitutes temperated relictual torests 1n the

high mountains of Chile Austral, with 2¢2C dirferences betiren davs
and nights and between seasons. Frosopis chilensis insteac., 1is a lemr
minous, nitrogen-fixing tree of Lhe arid and semi arid regions of Chi-+
le with temperatures reaching 60°C or hipgher, in Summer tire. We have
‘investigated how seeds and scedlings of these two plant trees, respad
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 lLeen to
test the hypothesis that "Native plants are adapted to their natural
environments because they show a higher degree of expressinn of those
genes encoding proteins related to plant protection during environmental
harsh conditions". The higher depree 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 svnthe-
sized during heat shock experimenits and Northern hybridization analy-
5is to detect the mRNA of these proteins, using prebes for heat shock
genes, allow to evaluate this hypothesis. Proyecto FONDECYT 0150788
and AID grant # DPE-5542-G-55-8073-00. Universidad de Chile Proyecto de
Desarrollo # 1785014,
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SIMPOSIOS

PEPTIIDS OFIOTIES Y ACTIVIDAD CITOLITICA WKL [(ABTUR
peptides and cytolytic NK activity) . der Tuente
Piccardo,  lepartamento de Rramfrica s RioTopla Molecu

Tar. Facuttad de Crencras tafmioas « Dpvacfutcas,
Universidad de (hile.

la interrelacién entre ¢l sistema inmne v el s1stema
nervioso se basa en la directa inervacién del parengul -
ma de tejidos tales como timo, bazo, yanplios linfiti-
cos, médula ésea y otros teyidos linfoides. Ademds 1a
presencia en las células 1nmunc competentes de recepto-
res para diversas hormonas y NEUTOIranNsSMISOres, vome
también la propiedad de 6stas «€lulas de producir milty
ples sefales, en mxhos casos corpartidas con el siste
m neuroendocrino, han establecido claramente una vasta
inter-comunicacién que ha permitido avan:ar en el enten
dimiento de diversas situaciones fisioidyicas v patold-
gicas.

Esta comunicacién bidircccionil ha sido estudiada a
mxchos niveles y, en el presente caso, nuestro interés
se ha centrado en la actividad citolftica mediada por
células NK y su modulacién por péptidos opicides.

Heros estudiado la regulacion crercnda sobre esta ace
tividad por los péptidos, metioruna-encetaling, lewcina
-encefalina y /1<CﬂlﬂerLl, tratando Jde correlacienar
1a estirulacion obaervada con la existencta v propredad
de los receptores pard peptides oprondes tante en rues
tras normales como patologrcas. Lo un hevhe establed:
do que los péptidos oproides influven en diversas tun
ciores del sistema 1nmune, como la sintesis de anticuer
fos, proliferacién de linfocitos y citolisis NK.  Sin
embargo, las caracterfsticas de los receptores involu-
crados y el mecantsro general de accion de estos pépta-
dos en el sistera inmune no han side hasta ahora aclara
dos.

Proyecto fondecyt R8-0674
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IWTERACCIONES ENTRE SISTEMA INMUNE Y NEUROEN-
NO nmune - Neurosndocrlioe Networhk).

TepUlveds Cecllia

Tepartamento de Hedicina Hospltal Cifnico U~

niversidad de Chile,

Aunque ¢! sistema Inmune posee sus propios
mecanismos da regulacifn, sctualmente estd
bien establecidas la inmunorregulacién nevro-
endocrina. Ests tiens su base en una comple-
Ja red de Intersaciones bidirecciona! entre
sistama Inmune, sistems neuroendocrino, y es-
tructuras autonSmicas.

Las linfoquinas, monoquinas y Ac producidol
durante la respuesta inmune afectan mecanisrol
nsuroendocrinos. El sistema neuroendocrine
puade o no responder emitlendo sefales regu-
tadoras que limiten su expansidn axcesiva,
pravinliendo enfermadades sytolnmunes v linfo
profiferstivas.

La sobreestimulaci8n del sistems neyroendo:
crinoppusde ssr uno de los factoras mediado-
res de ts Inmunosupresidn que se observa en
Ia fase aguda Je enfermedades infecciosas,
shock séptlco, traums, queraduras, clncer, y
otras gondiclonas patoldgicas.

Le Inmynomodulecibn puede contribuir a res:
tablecer 1a funci8n inmune en estos individuo:®

Proyeacto Fondecyt 88-0874
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SIMPOSID GENOMA Y EVENTOS FISIOLOGICOS EN CELULAS VEGETALES
Coordinador: Jorge Sans
SIMPOSIO
GENOMA Y EVENTOS FISIOLOGICOS EN CELULAS LA INDUCCION DE CELULAS HMULTINUCLEADAS ¥

VEGETALES (Genome and ohysiological events
in vegetal cellw).
Sans. J. (Coordinador).

Purante la vida celular ocurren una 1nf;-
nidad de eventcs fisioloQicos, gque de una u
otra manara, dependen de la expresioén de genes
en momentos, muy particul ares.

G® han utilizado diversass estrategias ex-
perimentales en células vegetales mantenidas
en un tejido in tQto, para tratar de vincular
eventos celulares o sectcres oel genoma, Una
de estas estrategias ha sido la produccion de
cé#lulas multinucleadas con nucleos homo y he—
teroploides para asoclar eventos propios del
ciclo celular con la presencia, en estoe
nicleos,de determinados cromosomas. Otra meto-
dologia utilizada con este mismo ¢1n, ha sido
el i1ncorporar al DNA nucleétidos gque bajo de-
terminacas condiciones pueden alterar la ex-
prasi 6n del genoma. De e«ta manera, la brc-o-
sustituci6n del genoma e irradiaci16n posterior
con luz de 17 nAm., por una parte y la i1ncor-
poraeclion al DNA e un andlogo de la citidina
c(S-szacitidina) que provocan bhipometilacior
del DNA, por otra parte, han permitico aancisr
algunos eventos a sectores del g®noma que re-
plican en momentos particulares del periodo S.

Por altimo, mediante experimentos en que
se utiliza @] eatrés térmico,se ha podido de-
tectar sectores del genoma gue confiercen pro-
piedades de termo tolerancia en semi.}las de
érboles autéctonos chilenos.

En este S1mpos1o se analizan astas estra-
tegias y los logros con ellas alcanzados comc
a8l las perspectivas futuras de nuevos aborda-
Jes metodoélogicos en este tipo de estudios.

SU EMPLED EN EL ESTUDIO DE EVENTOS DEL
CICLO PROLIFERATIVO (The inguction of
multinucleated gells anrd  1ts  usefulness
1n the study of events 1n the proliferati-
ve cycle).

ke i Centro de [nvestigscio-
nas Bioloégicas, csic, velétguez 144,
28004-Macrid, Espaia,

La induccion expsrimental ce células
homocaridticas poliploides 6n en Alliye
pusde llevarse a cabo por 1°rh1DL-
c16n de dos citocinesis sucesivas., Asi-se
pusden formar células BDinuclescas (4n-4nr),
trinucleadas (2n-4n-2n) O tetrarucleacas
(2n-.n-2n-2n), dependiendo de la prowimi=-
dad de los Qrupcs cromosomicos e~ metafase
y de su inclusidén o no en un unicec ~ucleo
al cursar la telofase,

S1 simultanesaments se emplea un agente
multipolarizante, las c#lules 8n pueden
distribuir su genoma en varioe riuclecs de
ploidias muy Jifarentes  Jecidicanente
aneuploides wn su composicioén génica.

Tanto las primaras, homocarioticas,
como las segundas, "eteropioides y areu-
ploides, se har utilizaco Dera cetermi~ar-
el grado de autonomia de cada nuclec en la
replicacién y culminraci6n de .ias e%apas
interfdsicas y mitoticam, as como e,
pespel de ciertos cromosomas icomo el
cromosoma NOR) en dicha asutonomis ~ucleasr,
proporcionando una metodologis utii para
la diseccion cromosomica de! ciclo celular.
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GENOMA ¥ REGULACION DE EVENTOS DEL CICLO
CELULAR (Genoms and regulation of events
the cell cycle).

- y @ller, P
Centro de Investigacionss Bioclogicas, csic,
Madrid, EspaXa Y
Celular y Genetica, Facultad de Hedicina,
Universicad ce Cnile,

La replicacion secuencial del genoma
permite slterar la funcionalicad de segmen-
tOos Ce ¢ste por bromacion cgurante fraccicnes
cde! pericco S y posterior irradiacion, sn
ancx1a, oe les células con su DNA parcial-
menta bromado.

Esta metogologia na permitido, en
meristemces de le raiz oe Alj .
determinar el momento ce repiicacion de
sec.encias cdel genoma relscicnacos con cada
~NO Ue 108 Cuatro puntos de tramsicioen (TPe)
gonde se reJuidre siNtesls 08 proteinas para
+8 progresion oce la celula a stapas mas
avarzacas de su Ciclo celular, La replica-
cio~ ce . secuencias 1mplicacas en los dos
TPe Dérs sintesis 08 proteinas situsdas en
@l temprans v tarcioc G! estan en el temprano
y targio 5 respectivamentas. Las secuencias
imp.icacas er e, TP situago en G2 lo hacen
en e, centro cel S5, mientras que secuencias
Jispersas pPOr t2aC el Qenoma parecen sar
responsadb.es Ce! TF situaco en profase.

EXPRESION DE CENES OF RESISTENCI® AL ESTRES TER-
MICC En DOS ARBOLES WA IVOS OE CHILE, Arsuceris
areycene v Prosopls chilensis. (Cene expression of re~
sistance to neat shoce ln two rative trees of Chile,Arsu
ceris srsucens ang Prosopis chilensis).Caraemil, L. De-

partamento ce Blologls, Facultad de Clenclas, Universl-

dag de Cnile.

Aravcar:a sraucans constituye dbosques relictuales teapla
00s e aita scntefs en la Reglbn Austral de Chile, donae
ealsten 3iferencias Je tempctasturs entre dls y noche y
entre estaciones de 208(. Prosopis chilensis en cambio,
s una Jeguainise, fllagors de nitrdgeno de la regibn &-
rids y sem! Arias ce! worte y Centro de Chlle. En estas
regicnes ls teaperaturs llega s mes de 600C en los dles
ce veranc.

wesCs investigace coec las semillass y plintulas de estos
gos Artcles responsen a ura exposicibtn a altas tempera-
ture, a trevés Ze escerimertos Oe estrbs térmico y como
las sesillas y plintuliss agquleren termotolerencls, cuan
do son espuestas a teoceraturas subletales. -

Er vercad, el orincipsl coletisc de ests {nvestigacibn
es crctar ie nipltests ce Jue "Arboles nativos esthn se
dectecis s su ®edic natural porque ellos eouestran ur 1}-
to grazc ce espresidr de iss genes dv resistencle pari
soccrter conlliclcnes extresas astientales. E)l slto grado
Ce exzresiln Duede Zeberse yu ses & mecanisacs de regu-
lecitn ze is furcidr zel gen, 5 2 un meyor nimero de co-
is Ze [cs gGenes Ce reststencia”.

Eleztrc’sresis en scliscrilemtioa SOS, de las prot=inas
|£ﬂlel:l\sg Surante e estrés de temperatura y en pre-
sercis 2e " S.setionine, zcmo tasbién nibridizecibn Nor-
te usancs 39s scrzas Je protelnas oe estrés térmico, nos
fe Dereltiz: evalusr ests ripbtesls. PROYECTO FONDECYT,
Qle6cr89,; SRBNTH DPE-5342-C-55-807)-00; PROYECTO de
Deserral. Lnisersices ge Crtle # 1705014,

METILACION DEL DNA Y EVENTOS RELACIONADOS CON
DIFERENCIACION Y DIVISION CELULAR. (DNA
methylation and events retaled to cell
differentiation and cell division). Sans, _J.,
Leyton, G, and Mergudigch, D, Departamento
Biologia Celular y Genética, Facultad de
Medicina, Universidad de Chile.

Se ha postulado que la metilacién de
Citocina en secuencias dinucleotidicas C-6 del
DNA, seria un mecanismo meadiante el cual sa
controlaria la sxpresion gdnica. Se ha com-~
probado, ®n una gran variedad de células, que
la administracién da S-azacitidina (3-Azal),
an4loQo de la citidina, y poderaoso agente hi-
pomet: lante del DNA, produce activacieén
genica.

En nusstro laboratorio, con el fin
de asociar, desde un punto de vista morfolegi-
€O, sectores del genoma con eventos celulares
involucrados con el proceso de division o
diferenciacion celular hemos usado como estra-
tegQia experimental el efecto hipometilante del
DNA DE 5-AzaC en raices de All

Nuestros resultados muastran que la
administracion de 3-AzaC provcca 1 a) un au-
manto significativo en la elongacién celulan
que ocurre en la zona de diferenciacion de ld
rair, b) una aceleracion de la reorQanizacioén
nucleolar que s lleva a cabo al final de la
mitosis y c) una alteraciin en el Qrado cu«
condensacion de la cromatina durante la m)to-
s1s. Los dos Gltimos eventos son particular-
mente evidentes cuando @l analogo se adminie-
tra durante la primera mitad del periodo
replicativo.

Estos resultados sugeririan que los even-
tos estudiados estari{an controlados por genawm
Cuya expreeién ee regularia por el grado de
metilacién del DNA.(Proyecto FONDECYT 89/812).
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NAS RICAS EN nIZROXIPROLINA DE PARED CELULAR
:HXLDISE (Cell wall Hydroxiproline-Ricn
tiproteins froam k. cnilensis), Rodriguez, J.G.,

- ._~. laboratoris ge Fisiclagla y Genetlca
Moleoliar vegetal, Facultad de Jlenctas, Unlversidad de
Shtle.

“NY du L0s 33Dpeltos a <onslderar en la adnptaclén
risicldgica Jei algarerobo (Pm:ogl:\ cnilensis} es ol
3.2t 2e la sintesis de gliCoprotelnas ricas en hidro-
xizroliina (HRGP'i)  de pared celular, como respuesta al
da’s mecanico:

Las in3unotapresiones reallzadas con te}jldos dafdavos
¥ =2 3Jafados nan revelado una reaccion positlva cruzada
J¢. antiiuerpo antiextensina de tesla de poroto de soya,
Sin una pisitlie HAGP le P, cntiensis, encontrindose una
3rorespuesta en mipocStilos fe plintulas ge 24 horas
Ze €333, I~ ncras  fespues Jel 2afo. Los nipocitilcs
3a*adas z.erorn TIYIF INILA3MLLCIISN Cruzada con el antt -
TURCL0 Jue .1: a3 lata3lns.

EN ne3i 3e nidroxiprolina por micrograzo de
-l jue exisle und mayor rilqueza de HGRP's
21323 daNalos. La respuesta al dado es
23dones Je semil.ias e 16 horas de edad,
Fdes Jei dado melinics.

=3 €.2Ilroforests aniontiac 4 _atiingcas, segutldas
lel analts.s sestern, peraitierdn fetectar diterencias
er 2l pairin 2 bandas Je srutelnus entre cotiledondss
7472333 § 0o ladadis.  Enoe: tejlds ladado el anticuerpo
antiex Na Je testa de poroto de soya reacclona can
ires :2 protelnas.
T1B) resultads na permitls Suderlr, Qque
©,  existen pritelois 110 eatensina o Jue
SEISLe ai: e una forma para esta protelna en reapuesta
a. 2% mezinilc.

2150/53; AlD Grant
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DISTRIBUCION DE CARCYENDS EN SIETE CEPAS DE DUNALIELLA
SALINA RBOUIBITADAS EN EL SALAR NE ATACAMA (Distribution
ST Dinaliella salipa collected at Atacama saltern),
Eraio 5. v VieTtel N. Instituto de Quimica, Facultad de
Tlencias Bésicas y Matemfticas, Universidad Catélica de
Valpara{so. (Patrocinio: P. Domfnguez).

la Dunaliella salima (Chlorophyceae) es una microalga
halotclerante encontr en la poza la Rinconada en Ato
fagasta, produce una mezcla de carotenos: el todo trans-
a-carcteno (A), el todo trans-B-caroteno (B) y el 9-cis-
8-caroteno (C) en proporciones variables. Esto nos ha
motivado ha efectuar una prospeccifn de fitoplancton en
diferentes lagunas salinas del Norte Jde Chile, con el ob
Jetc de seleccionar cepas que sean productoras de los
iséaeros (B; v (C) en forma mavoritarja.

En el presente trabajo se informan los resultados ob-
tenidos con muestras recolectalss, en tres romas diferen
tes, del salar de Atacama. Estas muestras fueran propa-
gadas can un sedio de cultivo de agua de mar enriquecida
de Provosoli (PES), m&s una cant:dad adicional de cloru-
rc 2e sodio (15 a 201) a temperatura de 23 ® 4°C y foto-
periodo 12:12, sin aireacifn. En estas muestras se ana-
1126 1a distribucién relativa de los 1sbmeros (A), (B) y
(C) v la relacibn xantofilas/carotenos sediante cromato-
graffa HPLC y también se evalub el contenido de carote-
nos totales. De los resultados obtenidos se establec 16
Que en muestras recolectadas en la misma zona se encuen-
trai Zepas con cantenidos de caroteno totales y distribu
c1bn de Jos 1sémeros significativamente diferentes, Exis
ten Copas en las cuales el i1smero que predamina es (C)
<an un 624 relativo, valor superior al obtenido por D.
chilena de la Rinconada (OONC-001) v por D. bardawil’

De Tos tres i1sfmeros (C) es el mis liposoTuble y puede
aamularse en el higado sin los problemas observados pa-
ra el 1s5merc (B).

Agradecimiento: Al PAD (31-87/009. Al Dr. Oscar Parra
y Sra. A Silvia Cifuentes, Depto. Boténica, Fac. Cien-
cias Biolégicas y Recursos Naturales de la U. de Cancep-
cifn. Fondecyt 89/0823 que han aportado las cepas.
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CARACTERIZACION DE DOS PROTEINAS CATIONICAS PRESENTES
EN, PAREDES CELULARES DE SEMILLAS DE ARAUCARIA ARAUCANA
(MOL.) KOCH, (Characterization of two cell wall
cationic proteins in A. araucana seeds). Ri unllc_‘_A.
Departamento de Biologfa, Facultad de Clencias, Univer-
8idad de (hile. Patrocinado por Dre. L. Cardemil.

Paredes de emuritn y meyamstofito de
aAraucana fueron aisladas, purificedes y posteriorments
B proteinas extra{das con Call_. Electroforesis en
geles 5DS-poliacrilamida ge las protefnas amociadas a
la pared celular de ampon tejidos de 1a aeamilla,
revelaron la presencis de varias proiL:{nas de las
cuales las dos protefnas ais prominentes fueron purifi-
cadas por cromatograffs de iscenfoque, teniendo ambas
un  punto uocléclncp de 10.5 + 0.3, Las prote{nas
purificadas poseen un peso molecuiar de 65 y 100 KD.

Adends estas proteinas dieron positive la reaccién
de marcaci18n con darsilhidrazina, eatableciéndosa que
8¢ trataban de glicoprotefnas. Un ponterior anélisie
de los azicares componentes de estas glicoprotelnas,
revel6 que ambas estén glicoailevas con Galactiona,
Glucosa y con una menor proporcién de Xilusa y Manosa.

Andlisis de la compoyiciédn de aminchAcidos mueatra
Que ambas mon ricas en Serins y Glicina, conatltuyendo
€3l0s aminoécidos casi un 50% de las prote{nas. Andli-
8is de nmecuencia amino terminal demostrd que ambss
proteinas possen una secuencia idéntica, le cual po-
dria 1ndgicar que posiblemente son isoformas de una
misma es-.ecie proteica.

Uebido a que las peroxidasas sun prote{nas cominmen-
te presentea en las paredem celulures de plantas,
especialmente en eapecien ledouus, como  es A.
araucana, se quiso Jelectar actividad de peroxidasa
de estas protefnas en geles nativos con o-fenilenedia-
mlna Qqomo  yustrato, encontréndose reaccidén positiva
pare wmbas prolLefnas.

Araucarias

Financiado por Froyecto Fondecyt 0:60/88, AID GRANT
DPE-5542-G-S5-8073-00.
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CBas B CRECIBIENTO 7 CAPOTEMOSIRESIS £8 CLPAS BAIIVS S Pasalieile
saling TEOBOESCY. (Srowth (arves and aretensgransis 1o malive
straim of dusaliella sal1sa Testerenta)

Cufeatey, 4.3, Contitton, A0 Pares, Q., Dellaronss,¥. v Gonpaler,
]

iowlmno e Jotdascs, Face)tad oo Crencias Disldgicas y e
Racursos Batarales, Universigad de Coscapcrén. (Proyecto P9 NI
877009, FORRECYT #9/0870).

dusaliella ey wna astroalga qee se tanactensns P s wotidle
CADACICHE pra producir Detacarotens, pigsesto wtilizaso & nivel
Sandial o8 12 industria alieestarsa, para reseplazar colorntes
sinttticon. La aplicacaon de sétedos blotecsoligicos da perastido en
Mstralia, Israel, Estades Uaidos y Chia , BghimItar Lo prodecciin do
st pigarale Bago condicioars costrolagas de caltyve.

En Chile, Dasalsella crece sataraisente oo lov asdientes Mpersalinos
e L2 zoms sorte. Se valerancis & altas salinidades, tenperateras »
Areatiacain le parsite vivir on estos ashientes 110re de tsapatidores.
Los odpetivos do este estadio protenden caracterizar Y Comparar sl
(reCasients y renditasnte de corofeaos, e B tepas de Dasalielle
saliss recolectaday on 1y ] Regida. Las cepas aisladas 7 santenides
€ coltivos saialpdles, 8o bicieron crecer en frascon Erlonseyer
(oateniecto sedio Erschraider, ads ons cantitod aficsondl de !5.55110
nel, $0a antemsidad do tleje fotéanco costimo de 190 af 0 ¢
20, s areacade,

Lo cepa COMC 001 (Laguas L4 S10coneda, Aatofagasta) es la yee presaats
e ods alta tass ce crecimanto (494,32 gy b, 1 ¢l osner
rendiaiesto de carelenes (ca. J. 4 l, en fase estacionarg
tengrasa), Por o) costrarie, la copa CONC-007 (Salar dr Atuacasa)
preseats 1o tasd o creciaiento ady Baje (30,14 4 a) y produte
S4por castidad de carotesos (ca. 20.600 sg/l), coa uaa relaciin
caretess/clorefila ¢o 631, Las otras copes provesieates gol Salar de
Atacasa ttepas CORC-90], 004, 005, 004 y 009} tashita presestan
recdiaientos satisfacterios de carotssos, par ssidad de volasen.

Eetos resaitogos, sparte de dar & conscer cwal o toales podriae ser
Las copds o etilszar on ua proyecto do teltive industrial, tashien
5247148 301111 do N para A pregrass do sejetasiente por seleccida
(oatiseada.

—_— .
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TALLER INTERRELACIONES METABOLICAS ENTRE LAS PLANTAS

-~

Y SU ENTORNG

- REBPUESTAS DE LAS PLANTAS A CONDICIONES DE
ESBTRES. (Plant rasponses to struss conditions?
r Departamanto de Biologia,

Carcemil, L.
Facultad de Ciencias, Universidad de Chile.

que todos los
responden & condicionss ds
sstrés cor sinteasis 08 nuevas proteinas. Entre
éstas desbemos mancionar a las proteinas
universales do astrés térnico de 70 kDa y a la
ubjquitina. Esto es Jo que ocurre en dos

LLas plantas, al igual

organismos vivos,

plantas chilenase Prosopis chilens;s v
Araucaria araucana, donds los niveles de mRNA
para ambas proteinas aumentan en forma
signtficativa, con sintesie ce ngvo de la
proteina de 70 «Da y aumento de ubtquitina,

protegen a la planta
calnr., La
Que han

proteinas
otorgdndole termotolerancta &)
ubiquitina marca a las proteinas
perdido su conformacién debido a la condicidn
de weatrds térmico, permitiendo que sEIN
reconoci Jas por proteanas y deqgradadas. Posr lo
tanto, iibara a la planta de moléculas
incapaces de cumplir su funcidn, quedando en
las cé#lulas s0lp las proteinas que tienen la
eéstructura terciaria o cuaternaria adecuada
para su funcionalidad.

En ningun caso, las plantas sometidas a
strés (érmico aufren de una degradacioén
masiva de proteinas. Tal degradacidn es un

Ambas

proceso extremadamente bien regulado en las
plantas. Cualquier sefal de estrés de! medio
ambiante que pueda significar peligro de
sobrevivencia para la planta, 1 nduce ia
sintesi1s de un peptido pequero que s
{nhibidor de nroteasas. La presencia de tal
irhibidor se debe a2 sintesis de novo de la
molécula, provocada por serales Quimicas de

matabol itos secundarios voldtiles como es el

4cido jasmdnico.

DEGRADACION DE LIGNINA POR HONGOS Y BACTERIAS
(Lignin degradation by fungi and bacteria).

. Laboratorio de Bloquimica.
Pacultad de Clencias Blolégicas. P.
Universidad Catélica de Chile. Casilla 114-D.
Santiagqgo, Chile.

La celulosa, la hemicelulosa y la
ll?nlnl son los componentes poliméricos
principales de las estructuras vegetalas. La
lignina estd formada por monémeros del tipo
tenlipropanoico unidos por distintos tipos de
enlace. Por ser insoluble y estereoirregular
es dificilmente atacada por insectos y
microorganismos, lo qgue le confiere a esta
sacromolécula un rol protector de la célula

vegetal. A pesar de ello, la lignina es
degradada bloléglcamente, proceso en el qQue
clertos grupos de hongos Jjuegan un rol
fundamental,

Evidencia bloquimica obtenida
recientemante indica que los hongos

ligninoliticos poseen un conjunto de enzimas

extracelulares capaces de atacar dlversas
preaparaciones de lignina. Por su parte, las
baccerias filamentosas degradan
preferentemente llgnocelulosas de plantas
anuales, produciendo intermediarios del tipo
. ligninomo. Pinalmente, existen varios grupos
de bacterlas capaces de utillzar
subestructuras de Jla lignina como dnlica
fuente de carbono y energia. Entre estas
subestructuras estén las del tipo

arllglicerol-p-ariléter que contienen el
enlace p-0-4, el mds abundante de la lignina.
Estos compuestos de bajo peso molecular son
liberados por la accién de los hongos en
amblentes en los que estd ocurriendo la
ligninolisis. De esta manera, bacterias y
hongos actuarlan conjuntamente en la
transforsacién completa de )ignina a COa.

Coordinadora: Dra. Luz Maria Pérez

RESPUESTAS METABOLICAS OF LA CEBADA AL ESTRES HIDRICD Y
BAJAS TEMPERATURAS. (Metabolic responses of ba~ley to
water and cold stress}. Corcuera, L.J., 20Aiqa, G.E. ¥y
Alberdi, M. Departamento de Biologla, FacuTtad de Cien-
cias, [mversidad de Chile; Instituto de Botdnica, Uni-
versidad Austral de Chile, Yaldivia.

La escasez de agua y las ajas temperaturas son algu-
nos de los factores ambientales mds 1!~ tantes para el
cracimiento de las plai ias en 2] mundo. A pesar de su
impnrtancia, los mecanismos moleculzres de resistencia
a la sequfa y al frfo son ain poco comprendidos. fn es-
te trabajo se¢ pretende discutir algunos de los cambios
metabdlicos que ocurren en las pléntulas de cebada [Hon
deum vulgare) sometidas a estos dos factores limitantes.

Pléntulas bajo estrés hidrico acumularon prolina, gli
cil-betaina, glucosa y 1fpidos polares. Plantay trats -
das a baja temperatura, en cambio, no acumularon proli-
na ni betafna, pero s 1fpidos polares. ta priporcidn
del §cido linolénico en varias fracciones de 'fpides po
lares vari8 significativamente. Este y otro- cambios me
tab8licos observados parecen tener importaacia en 1la
adaptécidn al estrés, Sin embargo, planfas sometidas a
estrés hidrico se hicieron susceptibles al ataque de &-
fidos. Glicil-betafna podria ser el factor susceptiblli
zante, pues aumentd la reproduccidn de los insectos oli
mentados con una dieta artificial.

Financiado por FONDECYT 1126-89 y 0897-88/01C-UACH

INTERACCION PLANTA-F[TGPATDGENO: UN ™(JDELO OE

DEFENSA DEL TEJIDD VEGE TAL. tPiart-
phytopathogan i1nte-raction: the plar:s tissue
defense model). Porex, L. M. Dep. Biog. Biol.
HMolec., Fac. Cs. Juim. Farm,, Univ, ce Chile.
Los tyrions veQetales se encusnrtran
expuestos 41 ataque de ¢fitopatogeros. Pa-a

vefenderse de esta agres:ionr, poseer i3
tnformacion génica gue les permite s.-tetilac
esntre otros, a metabolitos secundarios, e
bajo peso molscular, llamados fitoelmwinras,

La especificidad para e! atig.e Oe un
patdgeno parece estar dada por ‘actores ce
raconocimiento que i1nvolucran la p-esencia Cde
glicoproteinas, tanto en la supe-f:zie de!
patdégeno como oe la planta.

La secrecidn de erzimas
permiten al patdgeno disolver la pared celular
vegetal, pero a su vez permiten qenarar
fragmentos oe pared celular gQque actuan como
1ncductores de la -espuesats defensiva Ooe la
planta.

El conjunto

hidroliticas le

tnvolucracos en el
reconocimiento del ¢itopategeno v la planta,
Junto con los mecartsmos defensivos que Gsta
induce, se plantean en un mpdelo que pusde ser
rasuelto experimentalmente. €l mcaelc os
aplicable al me)oramiento geneticc de plantas
sensibles al atague pecr patogeros.

de factores

Financlado por FONDECYY «157/88: 4, DI B

2930-8923».
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USILS "XILL:-RY ZuJ5 FR0M THE CROWN,
Jeronica Srocmws,  ‘ational Agriculturs) Reseecrch Institut
“on Aepos, Scet lcast Demzrara, IUYSNA,

I't YITRO MULTIPLIC'TICN CF PIVEIPPLE (::2*''S CCMOSUS L .’4‘
uca

Studies were conductied to cevelop 2 system for the rapid an vitro
multizlication of pinezpple shoots., Bormant axillary buds, 4-6mm in
diameter, excise: frco the stem region of the crowns of the nireapple
cultivar llontserrat were used.

The zesults show that buds which were initiated in licuid or on agar-
csolified MS medium supolz2-ented with various concentrations of NZA, BAF
snd/or 353 could be induczd to form multiple shoots. At bud burst, i,e,
approxinately 3 ..eeks after initiation, buds were transferred to liguic
meciun for shcot rultiplication. Apical meristems, in contrast, began
shoot multi-lication earlier than the axillary buds,

Cenerzlly, shoots were produced zt the rate of t-10 svery three weeks,
Some cultures which used shoots older than six weeks produced up to fiv
stoots per explant weekly., Juring shoot multiplication, cultures were
maintained either non-shaking or with continuous aeration, Shoots
remained green during culture and were transferred to sgar-solidified
medium prior te weaning. Shoots were reocted either during in vitro
cuvlture or at the wesning stage,

GENE EXPRESSION TU THERMAL STRESS IN TWO NATIVE
TREES OF CHILE: ARAUCARIA ARAUCANA AND PROSOPIS

CHILERSIS.

Liliana Cardesil, Claudio Coycoolea and Consuelo Medine. anrumto de Biologia, Facultad
de Cienciss, Universidad de (hile, Sentiago, Chile.

frnicaria ecmganm constitutes temperated relic forests of high mountains in the ssstral region of
Sovth America with differences of tesperatures  between day and night and
seasons of 20°C. Prosopis chilensis is a leguminous tree of the erid and semt ari
and central (hile. Ia these reglons the tesperature reaches over 60°C at noon

By perfozicg heat shock experiments, we have investigated hov seeds and seedlings of

respond to high tewperature and bow they acquire th7wotolerance vhen exposed to  sublethal
tesperatures.

Indeed, the main purpose of this resesrch has been to test the hypothesis that "ative trees are
sdepted to their natural environment because they have a high degree of expression of those
resistent genes to stend harsh environmental conditions. The high degree of expressicn could be due
toa high ousber of geaes conforring resistence or due to regulatory mechanisss of gene
function®.

SO5-Polyacrylanide gel electrophoresis of the synthezised proteins under thermal stress and
in the presence of *™5-gethiomine, Western blot amalyses using polyclonal antibodizs eainst heat
shock proteins (hsp) and Worthern hybridization analyses using probes for the 20 kD hsp and for the
wiquitin have allowus to test the above hypothesis as well to  select for Mgh resistant
individuals in the patural populations of these trees.

AID Grant FOPE 5542-C-55-8073-00 and FOMDECYT 0160/88.



24 RESPONSE TO WOUND STRESS BY SEEDLINGS OF ARAUCARIA
ARAUCANA AND PROSOPIS CHILENSIS.

Uiliana Cardeail, Alejandro Riquelae and José Bregorio Rodriguez. Departasento de Biologis
Facultad de Ciencias, niversidad de Chile, Santiago, Dhile.

Tissues of seedlings of Araucaria arautana and Prosopis chilensis respond to wwnding by
increasing fros 10 - 20 folds the basal levei of cell wall proteins.

Tissue ineunoprints of the different organs present in seeds and seedlings of 4. aravcana av B,
chilensis using palyclonal entibodies raised against hydroxyproline—rich glycoproteins (HRSP's,
extensins) present in cell walls of carrot roots or soybean cell walls,

The tissue insunoprints also reveal that in Q. araucana, the segagasetophyte, root tips and
resin canals of the cotyledons, are the tissues which show higher expression of extensin-like
cell wall proteins. In B. chilensis, the vascular bundles of the cotyledons and of the hypo
and epicotyls are the tissues showing a higher expression for these proteins.
SDS-polyacrylamide gel electrophoresis of the cell wall proteins followed by Western blot
analysis reveals that are 3 cell mll proteins A. acaucana and 4 in the case of B. chilensis,
ivmunocross react with carrot and soybean extensin antibodies. . Soee of these pruteins

cin run in their native fores under conditions of cationic neutral gel electrophoresis indicating
& basic nature of these protelns.

In & araucana two of the cell wll proteins have been purified and further charecterized for
3aino acid coaposition and for Ny terainal sequencez. Two proteins have peroxidase activity.
AID Grant 8DPE S542-6-55-8073-00 and FINDECYT 0140/88,
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Catolica ce Chile). Regener ac 1on 1n vitro v
respuentas mOrtoQensdt icAs -n AlQunas rsperies (e
1aportancia economica en Chile.

11130 t NOPP, t ., SALADHIGAS, M.uv., CHAMER, b, vt YINT,
A, tlnstitute dJe Biologaa Molecular 1CICV) INTA
Castelar, Argentinal. Expresion de genes ae
reslstencsa A virnsas en o pratopl aaton de poga,

12:00 : DURZAN, D, (Environmental Hortiiulture, (injversity
of California, Davis, CA 9hale BH87Y., Resc envt

developesent 1n forest ociotechnology.

12:30 s L1Y2, R.E. tUniversity ot Floridas, Tropical
Rrsearch and fducation Center 18905 SWI B Street
riomesteas, Florioa 33031, U.S.A.). Fruat

biotechnalogy.

SIMPOSIO 111

RESPUESTAS FISIOLOGICAS ¥ MOLECULARES DE LAS PLANTAS
A CONDICIONES DE ESTRES

Salas : Enrique Fraemel

roder adar : CARDEMIL, L. .

1L4:30 s PEREZ, .M. (Faculzad uve Ciencias Quamicas 1%
Farmacéuticas, Univers:dad ode Cnile). Las plantas
supericres usan diferentes estrategias para evitar
¢l ataque por fitopatoQenos.

13:00 : GOLLSTEIN,G. 'Department of Botan,, University cof
Mawali, Honolulu, H|F6822). Respuestas de las
alantas can  oi1stintos ‘otosiatemas al oaeficit
nidrico.

15:30 : DIETRICH, S.M... ., CORDEIRD NETL, £, % iDepartanento
de M:rningia. Universidarde Feaeral de Pernambucoe e
Inge t,ta e Hotanica, San Bauley, He oo 110,
Induccior ae ‘ti1toalexinas por nongus e la
superfic.e foliar ve Rubiaceae tropic ales
Siivertren,

16:00 PANELES 11

17:00 : Pam 10k, £, fInst.  Ptianzenphysiol. tireh But ¢ Ring
b4, 5300 GieBen. . led metabolica homeontadticad y
sensibili10ad al estres er plantas.

17130 : nQ, t.n.0. (Leparzment ot Hiology, Wastangton
uUn:.ersity, 8¢, Louis, Miss0ur Z v B DRI IR IR < I
Proteinas induci10as nor estres nade a0 AL LUN
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EXPRESION DE LAS PROTEINAS DE PARED CELULAR DE PROSOPIS
CHILENSIS EN RESPUESTA AL ESTRES PRODUCIDO POR HERIDAS
(Expression of cell wall proteins in ?rosopls chilensis
as a response to wound stress). Rodrizuez, J. y
Cardemil, L. ‘Laboratorio de Fistolowia v Jenetica
Molecular vegetal. Facultad de Clencias v Universidad
de Chile.

En =21 presente trabajo se estudla li 2xpresion Jde
las proteinas de pared ceiylar Jde Prosop!s cnilensis
?"algarrobo chileno") en respuesta a! zs' .

=& producido
por herldas. La hvipgdtesls fundamental =t Jue .3 expre-
s10n de =stas proteinas a0 es 2speci”iza 1 oste tipe de
estres, v que corresponde a 1a activac!dr le genes :cuya
expresion 25 propia Je algin teilds no 134adc en un
determinado estadio se la Ziferencia-isn.

Esta nipgdtesl:s 32 na evalu:ic por anal.s.s electro
fardiice lgeles atidnloos y 35001703 e tamunoidmicy
Vdertarn) e las arotelpas e pared, expresadas durans s
iThooriherss atlanas g-l JesarroiLY Yy oen resduestd al
28tres 4z neridas.

“as lamunoltoresiones, as! come ung tninunoc L Logul-
mica Tina, cealtoadas con tejtdos dafades y nz das:ios
durant. o lesarrollo tenprano, nan reveirady una reac-
cidn posttiva “rizada con el antlicusrpo pailizlanal
antl-oxtons a4 tanny Woporceie Jo sovi. Las mismas
evidenclas tndican que las células wtlematicas v las
epldermicas son las que reacclonan mis intensamnante con
el anticuerno v jue oxlste uni respizsta al estra
produclids por neritias cardacleriiali 220 una Latenstoie
cacion de la reuaccisn alredador de lu 2o daciacg,

X

(

La exprestis onsuitative, VoL iI0 arnes Ly da
25bas vratelnagg, qul COIMY L emerenct g Lroen g, o

ralces seoundartas en TeSpuesta 3 1a3 nerias sonoev-
denctas e cgo g 2xoresiin un Tmliueslas o2 25t tin: 1o
dano vudrta see Qguivaiente 1 our, adelgnLamlen:u'ch
reloj vicidrzicy 42! Jesuarrslio.

clnansiud pur Jrfen .o vandecyt Ologses; AL SHANT UPE
=5542-G-S3-0T34=00, Hecsy dee Maglster otorgaza por la
Red Lattnoamericana de Botinica.

/7 \,\»\/
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CARACTERIZACION DE DOS GLICOPROTEINAS DE PARED CELULAR
DE SEMILLAS UC ARAUCARIA ABANXATA (MDL.) XOCH oQUF
RLSPOXDER A TSTRIS MECAZIOD. (Characterivaticn of two
cell wall giyroviotains of A arauvcais seeds  that
respond to woandiny stress) Ricrelpe, A v Cardemil, L,
Departapentc 4a  Blolagfe, “scul-ad 42 “{encias,
Unfve, -2 .ad g Chile,

Las plantas responden &1 dafio por heridas
incremsntando la sfntesis de proteinas que ayudarian =
reparar  y cwar la injuria. El presen-a trabajo
investiga protleinas similares en la pared celular de
degioucens.  SDS-PAGE de las protefnas extrafdas con
CaCiz desde 1a3 paredes celulares pur.{icadas de
semillas dafiadas 'y no dafiadas, revelaron 1s rresencia
carticular de, dos protefnas predominantes e se
scumulan en la pered en presencia dr daM. T[stas dos
prote{res poseen un peso molecular de 83 y 4% kD y
amivy  tienen un punto isoelécirico de 10.%5 1 0.8,
NincAs  estas proteinas son glicosiladas, deblido que
dis positiva la reaccién de marcacién con
dasiliniararina. Un posterior andlisis de las azicares
presentes en dichas glicoprotefnas, reveld que ambas
estan glicosilados con Galactosa, Glucoss y en menor
proporci6én Xilosa y Manosa. Debido e quz las
peroxidasas son protefnas comunaente presente en las
paredes celulares, se quiso dectectar dicha activided
en estas proteinas, encontrandose reacc,ér posiciva
para ambas protefnas. Adewds se vi6 que poseen un pH
Optim: de 9 parea la oxidacién de o-fenilenediamina (o-
PND) y con una V max de 525 M o-PND oxidado-min~'.g"*,
Ke app. de 13.6 M para Hz02 y Km app. de 3.4 =N para
0-PND. Andlisis de 1la composicion de aminodcidos
wuestra que ambes peroxidasas son ricas en Serina y
Glicina. Andlisis de secuencia emino terminal demostrd
que ambas poseen una secuencia idéntica.

Financieado por Proyecto Fondecyt 0160/88;
AID GRANT DPE-35342-G-55-8073-00.
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MECANISMO DE CONTROL DEL POTENCIAL HIDRIOD FOLIAR EN
Prosopis chiiensis: UNA HIPOTESIS. (Control mechanism
of leaf water potential in Prosopis chilensis: 3 hypo-
thesis). Squeo, F.A. (}), Olivares, N. 1) vy Cardemil,
L. (2). (1) Depto. Biologia y Quimica, Fac. Ciencias,
Universidad de La Serena. (2) Depto. Biologia, Fac.
Ciencias, Universidad de Chile.

Lac  poblaciones de Prosopis ¢hilepsis de la zona
semidrida Jde la [V Regién habitan er un ambiente con
Alta demanda evapotranspirativa. Esta situacidn sélo
se  revierte durante cortas temporadas en los aifios
i1luviecsos. Adicionalmente, como producto de la caman-
chaca, e¢xisten diferencias marcadas en la HR del aire
dur ante un ciclo de 24 hrs. Dado que los irdividuos
nunca Juedan completamente sin hojas, ecta especie
deberfa poseer un mecanismo eficiente en el control
del potencial hidrico foliar.

l.a pobladién de P. chilensis estudiada se ubica en
‘A Quebrada Gan Carlos (Valle del Flqui, nengzrg, N0
420, 570 msm). Se registraron durante 24 horas, cada
for meces vy por un ado: el potencial xilematico de
r-oma (k) vy peciolo foliar (FXP), y el potencial h:-
freon toliar (PHF). PXR v PXP fueron wedidos —on una
Pomba de holander, y PHE con una cdmara psicrométri-
oo PArg i estudio anatdmico de la interfase  rama-
pecicac, e utilizd o técnica Jde tincidn satrapina -
verde vp

Lot valores de potencial menus  negativoes v 'mds
seme jartes  Uaeron registrados  entre laz S ud y 7:00
hro. y los mds negativos pasado el aw.dis 1ta. By oro-
mecio, PHF presertd una mayor range e variacisn (ca.
22 a4 -83 bar), »n comparacién cor YR i, -21 a -4
bar) v PYXP (ma,, =17 3 -29 bar). El PYR fue siempre
el PYP en todas las mediciones. 1 PHF  fné siempre ¢
PXR y PXP. E! estudio anatémico evidencia una discon-
Einuidad en el tejido conductor entre rama Y peciolo
foliar. Estos resultados permiten postular gue P.
chilensis es capaz de mantener activamente un PXP 2
PXR. Una disminucién del potencial osmétizo en el te-
Jido «xilemdtico del pecivlo (aumento de azdicares),
permitiria explicar loc mayores valores de PXP.

A A DO

Proyecto financlado por AID (USA).
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PHENOLOGICAL AND ECOPHYSIOLOGICAL PATTERNS OF
Prosopis ¢hilensis FROM NORTH-CENTRAL CHILE

Francisco A. Squeo «1). Nancy Olivares (1) and Liliana Cardemil (2). (1)
Departamiento de Biologia v Quimica, Facultad de Ciencias, Universidad de La
Serena. Casilla 399, L.a Serena., Chile. Phone: 56(51)226080 ext. 401, FAX:
S631211473. 2y Facultad de Ciencias, Universidad de Chile, Casilla 653,
Sannago. Chile. Phone: 36¢2)2712865. FAX: 56(2)2712983.

Prosopis chilensis has been extensively and intensively used for firewood
and their fruits used to reed domestic animals in the last 500 years. In the present

century, increasingly man pressure reduced old big "algarrobales”™ to small
populations. In north-central Chile, algarrobos are found in areas with a high
demand of evapotranspiration. This condition is reverted only during short seasons
i rauny vedrs and during short daily periods with fog ("camanchaca”).

Since June 1990 we are studying the phenological and ecophysiological
patterns of P. chilensis in a population of Quebrada San Carlos (30°02'S, 70°49'W,
20 mash.

P. chilensis 1~ a partial deciduous tree. The total minimum leaf area was
round at mid spring (135, New leaves appeared at the end of spring, and
reproductive processes oceurred in summer, ending with the fall of fruits at the end
of summer. No seedlings were seen in the study site.

Leal water potential JLWP) showed a greater variability (ca., -22 to -88 bur)
than the branch (BXP) ica.. -21 to -49 bar) and leaf petiole xilematic potential
(LNPi ca.. -17 1o -39 bur)y. The BXP was always € LXP. The LWP was always <
BXP and LXP. The most negative values were recorded after midday. Anatomical
studies show a disconunuity of the conductive tissue between the branch and the leaf
petiole. These results indicute that P. chilensis is able of actively maintain a LXP 2
BXP. A decreuse of the osniotic potential in the petiole xilematic tissue may account
tor the highest values ot LXP.

At midday, woth maximum air temperaiure prevails (ca., 369C), ieaf
temperature of P chiensis was always lower, up to 59C difference. We propose
that actine maintenance of lear wrgor and leat cooling are ughtly related processes.
Next we will study the ecological and ecophysiological factors limiting the
cermination of seeds and the stablishment of seedlings in the field.

This work has been tunded by AID-3542-G-SS-8073-00 (USA).
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EXPRESICN DE LAS PROTEINAS DE PARED CELULAR DE
FROSCPIS CHILENSIS EN RESPUESTA AL ESTRES PRO-
DUCIDC PCR HERIDAS. (Expression of cell wall proteinsin
Frosopis chilensis as a respense 10 wound stress). Rodriguer,
_- yCardemil, [, tlaboratoric de Fiswologia y Genética
Molecular Vegetal. Faculiad de Ciencias, Universidad de
Chile.

E- el presente trabajo se estudia (s *xpresién de las protef-
ras de pared celular de Prosopis -hilensis ("algarrobo chi-
1eno™) en respuesta al estres producido por heridas. la
hipdtesis fundamental es que la cxpresidn de estas proteinas
noes especifica a este hpode esirés, y que corresponde a
18 acuvacion de genes CUyd expresion es propia de algin te-
1do no dafado en un determinado estadio de la diferencia-
NEUR

Esia hipotests se ha evaluado por analisis electroloretico
(geles candnicos y snidnicos) e inrunologico (Western) de

las proteinas de pared, €xpresadas durante las primeras
clapas del desarrollo y en respucsia al estres de herides.

Las inmunoimpresiones, asi -omo una inmunocitoquimica fina,
realizadas con tepidos dadados y no dafados curante el de-
sarrolle temprano. han revelads una reaccidn positiva cru-
zada con el anticuerpo policlona. anti-exiensim de festa de
Poroto de soya.  Las mismas eviden. 1as indican que las cé-
lulas silemati_as y las epidérmr - son las que reaccionan
i Intersamente con el ar Huerpa y que existe una res-
pucsta al < ¢irés producide por heridas caracterizaga pcr
una intenciticacidn de 'a reacidn alrededor de la zona
daiada.

La expresior “onstitutiva Yy tendo especifica de estas protei-
nds. ast c.m. {4 emergencia prematura de raices secunda-
Flas enre-; _evia a las heridas sor, evidencias de que la
CIPresion v respuesta a este lipe de dado podria ser equi-
valente a ur adelantagiento del reloy piolseico del desa-
rrolla.

t1nan’1ade por proye. 1o Fond:oyt Olews a8 ATU LRANT
DPE-5542-0-55-8073-00. “fe. de Magister y financiamien-
10 otorgados por la Red Latiicameri. ana de Botanica.

4]

APRCIINACION ZITOCENETICA A LA TATOSONIA DF Amaryllidaceae CRAILX-
RS (Cityogenet:: approach tc za:iean Amary!..daceae tazonomy).

Palme:Rojs C. Dpto. Miologia, Pac. Cs . 0. de La Sereca.

4 oamesc.itura de ios gemeros de Amaryiiidazeae ea Chile hs
sidc oesde sus primeras descripciones my confusa. Ravenna {1979}
recamoce pata (hile oueve géneros, setalando que ias  especies
perteneces a laos

adscritas Eippeastoym por Baker ([308),

Femeres Rhodoobidig Presl.. Phrcelij Lindi. 7 Rxdolizive Pul.
Sobte  este aspecto, Philipp: (1885}, Humniker (1988}, ¢
larticarems  .38%) coinciden e reconocer a Rhodophialy. pero

difieren o cuacto o la valides pars Chiie de Muppeastrum,

mrcella 7 Exadofiim A objeto de :ontrastar parcialpeste
Aigudas de as hipdtesis sobre la Saronomiz de kmary!lidacese oo

ile. se desiriber caparan cs cariatipas de Rhrcella
scarlating 7s: Phicelis iqmes (Psc ©. Rhodolitiisy medtanup
‘hao.) Bhodgptiniga phreellodes (Rpt . Rhodoabialy bamaldy
(Bha.} vy la especie cultivada Lippeasioum 2p,

Los cromosamas se obtuwieron por aplastado de raacallas pro-
tratadas ca act.mutético 7 tefidas con Peulgen. B2 fotomicro-
grafias lea cromosomes se mdieram, recortaron 7 ordesaron, y las
wediclones 3¢ presentss e gréficos de dispersida.

It 7Ll posem mw msw cariotipo 2u=18. Pig. y Rag. pre-
st & cariotipe samilar dn:lé, mortclég:camente distinto del
compartide par las especies de Lodeohisls, pero simlar al
“ariotipe )} escontrado para Pac. que seria wa aspecie alote-
trapic.de. lap. iene m cartotipa 20:44 simlar al descrito [
& pemero (1:l) por Raranjo (1975}, pero sy diferenta de
Mwmilos escomtrados para las especias fn:l0, Zn:lé y 2ns)dl.

Estas  resu;tados comcuerdam con distinciones tazandmicas
PrEvIds que recooocen 1a valides para Chile de Lbodoohiala Presl.

(2e:18; 129} v Mrcelly Lindl. (20:16-32. 1:3), paro 0o apoyan
-destre de. cxjmts de especies cons.deradas- la emistencis de
Rhodalicim P o Loesgatrgm Berd.

Piassciado por proyectc DIOLS 120-2-6.
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ESTUDIO QUIMICO BASADO EN FLAVONOIDES Df Sﬂ

{tnaerifolia GRISEBACH (FABACEAE). (Chemical study

flavonoids of Sophora linaerifolia Grissbach (F

Lonoso, €. Becarra, J y Silva. 1 Departemento de Botdniey,

Universided de Concepcién Cesille 2407-10, Concepcién »

En Argentine s conocen séle 2 eapecies dv Sophors, § thyachecet pe, or bty

que habita en los valles himedos de Tucumdn y Selts 0 1200- 1300 ng

siture, sunombre vulgar o3 “ovejere” y parece bestonts raro 4.

;:lnrbuah pletosdn con her noasy Nores, andbmico & o3 sforres Clrtog
nLuls .

De osta ltime Sophare hemas estuiedo sus flevondides pare reslizsr lngy :

un estutlo quimiotaxonomico con Xphore & Nusve Llents, C“

Archiplélego Jusn Forndndez y Hewal!.

S0 af916 un totel de 4 Nlevonoides ds tpo soflevone (Fig. 1), Flavonsl (fig,

2) y Flavones (Fig 2)loy cuales fueron etsledos, idertificados y engd

por Henices cromatogréfices y e3peciroscdpices (U V., RMN @

colorecién ¢ los vepores éo amoniace ¢ velores de RY.

R
N R
W@ o ©
, = - R
OH R 0

0
Tig. 1 Fig. 2

c ce c3
R 1 0-gelectose H H
R2 H OH [i,.]
R3 0-pisione H o]
R4 oH OH H
k5 OH OoH 1 /]

.

Agredecimientoy. Leboratorio de quimice do productos metursles [ ]
Universided de Concepeién
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UN NUEYO GENERO EN AEGLIDAE (CRUST. : DECAP, ;
ANOM.)? (A new genus In Aeglidae (Crust.:

Decap.:Anom.)?). dara, C.Q. Instituto de
Zoolegla, Fac. Clenclas, U. Awstral de Chile.

Proponer un género nwevo para acomodar una
especie ya incleuida en otro, dosestabiliza la
clasifloacién. Emporo, la clasificacidn resul-
ta de la iInterpretacién de atributos bloldgl-
cos. Consecuentemente, la clasifliocacién esta
sieapre sujeta s revision.

Aeglidae comprende t gén. tést) (Hasmuriag-
Kla, 1 8p.) g1 gén. actual (Asgla, 40 spp.).
Comparten seturas dai caparazdn que no son ho-
®blogas a las del resto de los Anomaros. En

éstas son Inclplontes. En
ol sistema de suturas on complejo, el lébule
eplibranquial separado det pterygostomio y el
telson tipicamente dimsro.

30 oxaminaron caparazones de jA. a.
’ (molde).
El material se sonificd (8 mln.),se bahd en
NaOH 0, 6N (889C, 2 min.), se enjuagd y sacd.
Se fotogratid con ostereomioroscopio WILD Ms y
equipo MPS 48/81 Photoautomat or).

A. papudo tiene orbitse, estrechas y
profundas, borde srbital lateroventral expan-
dido, ldbulo opibranquial no aeparado del pte-
rygostomio y telson monémaro. Tales atributes
Justificarian la segregacion de A, RARNdO on
s taxdén hermane de Atxla. Ei teleen menémero

de A. alacaluf) seria homeplasioe.

* Finamciado por Proy. FONDRCYY #1-0800 y
Prey. S-01-4 DID UACK.
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RESUMEN

El objetivo de esta tesis fue el investigar la
respuesta fisiolégica que presentan senillas y pldntulas de
Arsucaria araucana frente al estrés provocado por calor,
orientads a2 1la hipdtesis que: "Las proteinas de estrés
térmico (PETs) juegan un rol fisiolégico en la adquisicién de
tolerancia a altas temperaturas en pléantulas de Araucaria
arancana”. A. araucana constituye bosques relictuales, desde
el Tercisrio, donde existen diferencias de temperaturas de
20°C entre dia y noche, y entre invierno y verano. Las
gemillas caen, germinan, y las plédntulas crecen y se
establecen en el suelo volcénicc de estos bosques, donde la
temperatura alcrnza hastsa 59"C a medio dia en verano.

Se mnidié la viabilidad de semillas quiescentes de

Lraucaria araucana por el test del cloruro de trifenil

tetrazolio cuando fueron soqetidas a 28°C (control) vy a 32,
38, 40, 44 vy 48°C, distinguiendo tres partes de éstas; eje
rmbrionario, cotiledones y megagametofito. Se determind que
los ejes embrionarios pierden viabilidad después de 5 horas
de estar expuestos a temperaturas de 44°C. Los cotiledones
de@ostraron ser un tejido méds sensible al calor, ya que
pierden viabilidad después de 3 horas de exposicién & 44°C.

El wmegagemetofito, en cambio, fue el tejido mds resistente,
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va que pierde su viabilidad después de 7 horas de exposicion
a 44°C. La pérdida de viabilidad de los cotiledones podria,
sin embargo, ser una condicién artificial, porque 1los
cotiledones estdn protegidos y aislados del medio ambiente
por el tejido megagauetofitico.

Le tolerancis de las pléntulas al estrés térmico fue
determinada por la capacidad de recuperar su crecimiento a
26°C Jespuds de una exposicién por 2 horas s temperaturas de
32, 36, 40 y 44°C. Pléntulas expuestas a 44°C no recuperaron
el crecimiento una vez vueltss a 28°C. Por lo tanto 44°C fue
consideradn 1la temperatura letal. Pléantulas expuestas a 32,
36 y 40°C por 2 horas, recuperaron su crecimiento una vez
vueltas a 28°C y por lo tanto estas temperaturas fueron
consideradas temperaturas subletales. La temperatura subletal
que permitié una mejor recuperacién del crecimiento a 28°C
fue la temperatura de 36"0.‘

Tratamierto a temperaturas subleteles indujo en ejes
embrionarios una tnlerancia para resistir una exposicién de 2
horas a 44°C (temperatura letal), siendo 1la temperatura
optima para la adquisicidn de termotolerancia 33°C, siempre
que se otorgue por mas de 30 min.

Se wostudié el patrén de proteinas sintetizadas durante
el estrés, mediante mnarcacién de las proteinas usando 955-
Metionina en el medio de incubacién donde ejes embrionarios
fueron sometidos a. tratamiento térmico. Después que las

proteinas fueron extraidas del tejido, se analizaron por
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electroforesis en geles de poliscrilamida-SDS eseguida de
fluorografia del gel y exposicién de éste en un pelicule de
Rayos X. Se encontraron 8 nuevas bandas de proteinas no
presentes a 28°C. Ademés, 7 bandas de proteinas mostraron un
aumen’.o considerable en su expresién durante el ostrés
térmico.

Las 8 proteinas sintetizadas 30lo durante el estrés
térmico fueron de un peso molecular aparente de 126, 106, 89,
77, 44, 24, 19 vy 17 kD de peso molecular, mientras que
aqué .las que aumentaron su expresién durante el estrés
térmico fueron de 101, 98, 94, 84, 80, 68 y 20 kD de peso
molecular. La temperatura éptima tanto para la sintesis de
las nuevas PETs como paras las que aumentaron su expresién fue
de 36°C.

La cinética realizada a 36°C demuestra que la expresiodn
de 1la mayoria de las PETs de ejes embrionarios ocurre a los
30 min de iniciado el trata;iento 8 la temperatura nubletal,
perdurando 1la mayoria de ellas después de S5 horas de
exposicién del tejido a esta temperatursa.

Anélisis de hibridécién “"Northern", de 1los RNA
mensajeros para dos de las PETs, usando sondas de cDNA para
ubiquitina y proteina 70 kD, evidencisron que el mayor
acimule de RNA mensajero ocurre =a 36°C, detectando uns
-poblacién de RNA mensajero para ubiquitina y dos para

proteina de 70 kD.

El RNA nmensajero pars ubiquitinas estubo presente a
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28°C pero aumenta considerablemente durante la exposicién del
tejido embrionario a 36°C, llegando a ser entre 4 y 6 veces
nds que & 28°C en ejes embrionarios. Los RNAs nensajeros para
la proteina 70 kD fueron muy poco expresados a 28 y 32°C pero
la expresién de mensajeros se gatilla a 36°C.

Se concluye que las pléntulas de Araucaria Aaraucana
respondieron bien 8l estrés térmico, con 1la sintesis de
nuevas proteinas, aumento de la expresién de proteinas y de

los nRNA para las PETs ubiquitina y 1z proteina 70 kD.
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RESUMEKN

En la naturaleza 1les plantas astsn expueétas
frecuentemente a sufrir dafios por heridas causados por
ineectos, animales herviboros, hongos ¥y otros agentes
patégencs. Se ha visto que las plantas responden a dicho
estrés con la expresién de alqunas proteinas especificas
(Lamport, 1980; Davies, 1987'; Lagrimini y Rothet 2in, 1987;
Showalter y Varner, 1989).

Las semillas de Araucaria araucana responden al daic

causado por heridas (ya sea déspués de 24 6 72 horas) con
un aumento de 1,5 veces de los ni\{eles de procteinas
asociadas a la pared celular. Una clase‘ de estas proteinas
son las peroxidasas, cuya activic;ad fue incrementada de 2
a 50 veces, en un tiempo de 24 a 72 horas después de
provocado el dano.

El andlisis por SDS-PAGE de las proteinas presentes
en la pared celular ce semillas enteras de A.araucarna,
revelé la presencia de miltiples proteinas. Las dos
proteinas mayoritarias encontradas en las paredes celulares,
Y que aumentan significativamente cuando las semillas son
danadas, poseen una masa molecular de 83 y 145 kD.

Estas dos proteinas fueron positivas el ensayo de
marcacidn con dansilhidrazina estableciéndose que se trataba

de glicoproteinas. A pH neutro ambas proteinas tienen carga

positiva, lo gque 1les permite ser analizadas por



electroforesis de proteinas nativas en geles catiébnicos-
neutros. Por su naturaleza catiénica pudieron ser analizadas
Por cromatoenfoque con qradiente de PH de 11-8,5
dsterain&ndo que ambas protefnas poseen un pu‘nto
isoeléctrico de 10,5 ¢t 0,3.

La centrifugacién en gradiente de densidad de CsCl
permiti6 establecer que estas proteinas tienen una densidad
boyante de 1,333 g-ml™' . Esta densidad no es comin de
enzimas de pared y tampoco' de glicoproteinas ricas en
hidroxiprolina. Proteinas de pared celular con esta denside'xd
se han descrit6 con actividad enzimética de peroxidasa (Liu,
1975). Por esta razén, se quiso detectar actividad
peroxiddsica en estas proteinas en geles nativos con o-
fenilenediamina, como sustrato, encontrédndose reaccién
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 oxidaci6én de o-PND y tiene
un valor de Km app. de 13,6 mM para per6xido de hidrégeno
Y swna Km app. de 3,4 mM para o-fenilenediamina, con una V
mix de 0,525 M o-PNDox -min™'-mg~.

Las impresionres de tejido de semillas dafiadas en
membranas de nitrocelulcsa y reveladas con el ensayo de
actividad de peroxidasas mostraron que en las regiones
heridas hay un incremento de esta enzima. Ademés, se observé

que la expresién de estas peroxidasas en la pared de

semillas A.araucana est& regulada por el desarrcllo Yy es
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tejido especifico.

Nuestros resultados sugieren que las peroxidasas de
pared celular de 83 y 145 kD, son isoformas de una misma
proteina y pueden jugar un papel importante en las semill&s
ds Araucaria araucana como una respuesta defensiva en

tejido danado.



