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Preliminary Remarks

This report correspond to six months of research of our
project from the period August 31, 1990 to February 28, 1991.
The report has been written according to the quidelines of
the National Research Council. This is a Management Report,
following the Annual Report which covered the period
February 28 - August 30, 1990. We are enclosing here copies of
galley proofs of two publications with results obtained under
this project. This publications are: "Expression of Cell Wall

Proteins in Seeds and During Early Seedling Growth of Araucaria

araucana is a Response to Wound Stress and Developmentaly
Regulated" from the authors Liliana Cardemil and Alejandro

Riquelme. These galley proofs have been published already in the
Journal of Experimental Botany (we have not received prints yet
of the publication). The other is "Expression of Heat Shock

Proteins in Seeds and Seedlings During Growth of Araucaria

araucana as a Response to Thermal Stress" from the authors
Claudio Goycoolea and Liliana Cardemil. It will soon be

published in the Journal of Plant Physiology and Biochemistry.

We have spent so far US $ 9,527.77 from the last report. we
estimate that our expenses will be about US $ 10,000 for this
coming semester.

Finally, this report is being sent to A.I.D., two months
later, due to familiar problems. My husband is very sick. He

recently had a heart stroke.


http:9,527.77

1) Scientific Summary:

Tissue print analyses have been perfomed with cotyledons,

hypocotyls and roots of Prosopis chilensis. The tissues have

been wounded by cuts perfomed with razor blades and printed on
nitrocellulose membranes 24 hours after the wounding. Intact
tissues have been also printed and used as control. The
nitrocellulose membranes were incubated with rabbit antibodies
(first antibody) raised against extensin from carrot and from
soybean seed coats. After incubation with the antibody the
membranes were soaked with a goat secondary antibody raised
against rabbit IgG and conjugated to alkaline phosphatase.

The prints demonstrated that the vascular bunddles of
cotyledons, hypocotyls and the root necks are the tissues and
organs of the plant showing a higher cross reactivity with
extensin antibodies.

Respect to field research with Prosopis chilensis in

Vicufa (gorge of Sn. Carlos) has allows to obtain data so far

on

a) Phenological studies not only in Prosopis chilensis but also
in other species present in the same area of study.

b) Daily time course of photosynthesis and transpiration.

C) Foliar Carbon Isotope Analysis for CO. assimilation during

thermal stress.



d) Daily presure-volumen measurements in branches and leaf
petioles,

e) Anatomical studies of the connecting points bethween branches
and petioles.

f) Western analysis of heat shock proteins synthesized in leaves

collected in the morning, noon, afternoon and evening,

2) Scientific Issues:

We need urgently to develop a method to label DNA and RNA
probes with non radioactive nucleotides precursors. Because of
this need, the principal investigator of the project Professor L.
Cardemil, visited for one month Dr. Elena del Campillo’s.
Laboratory in the Department of Plant Biology, University of
California, Berkeley with the idea to perform in situ
hybridization wusing "the ingenious kit" method to label a RNA
probe containing genetic information for extensin . We are

hoping to develop this method algso in Chile.

3) Managerial Issues :

In our last annual report we have stated that we need extra

time to full accomplish the main goals of our original proposal.



For this reason we would like very much to have one extra
year of research. This extra time is needed because actually our
project bequn six months later from the starting date August 31
1988, due to the fact that AID sent to us the agreements papers
by slow mail. In the extra year of research we will perform
field research and we will evaluate and select the resistant
individuals.

Respect to our expenses, we have spent less in salaries and
more in reagents. Enclosed is a detailed repcrt of Disbursement

of Budget for the reporting period.

4) Special Concerns : No special concerns.

5) Collaborations, Travel, Training and Publications:

The National Research Council, Office of International
Affairs, Board on Science and Technology for International
Development, through the PSTC/BOSTID program, invited Dr.
Liliana Cardemil to participate in the Fourth Conference of the
International Plant Biotechnology Network (IPBNet Conference).
The Conference took place in San José, Costa Rica from the 13-18
of January, 1991. A day after the Conference all the PSTC
grantees of AID met together with Dr. Jill Conley, Program
Officer of the PSTC/BOSTID, in order to present the research
progress of our projects. all of us have enjoyable

presentations and discussions.,



At the IPBNet Conference, Dr. Cardemil gave a 20 minutes
talk presentation entitled: "Gene Expression to Thermal Stress in
Two Native Trees of Chile: Araucaria araucana y Prosopis

chilensis" from the authors Liliana Cardemil, Claudio Goycoolea

and Consuelo Medina. Dr. Cardemil also presented a poster
entitled: "Response to Wound Stress by Seedlings of Araucaria
araucana and Prosgpis chilensis" from the authors Liliana

Cardemil, Alejandro Riquelme, José Gregorio Rodriguez. Copies of
the abstracts of these two presentations are enclosed.

We are also enclosing copies of the two publications, one
published in the Journal of Experiemental Botany and in the Plant

Physiology and Biochemistry (see Special Remarks).

6) Request for A.I.D. or BOSTID Actions:

In spite of the presentations in the IPBNet Conference,
I still would like very much to have other similar meetings to
be able to meet people related to our work and discuss our

results with them.



Disbursements of Budget Grant # DPE-5542-G-SS5-8073-00

Cummulative Detailed Report
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Salaries 3,457
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Travel 1,315
Reazents (supplies) 4,152
Other Costs (Bibliography and 637

equipment repair)
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TOTAL DISBURSEMENTS OF BUDGET
CUMMULATIVE REPORT UP TO AUGUST 30, 1990 (First and second year)

SALARIES
EQUIPMENT
TRAVEL
REAGENTS
OTHER COSTS

TOTAL. ..
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PAYMERT - PERIODIC ADVANSE (NOYEMBLR 1985)

(This proviston {s applicable when (1) the grantee has an acceptable
sccounting system (2) the grantee has the abf)fty to mintain procedures that
{11 pinimize the time elapsing between the transfer of funds and the
disbursement thereof, ang-(3) the grantee's financial ranggement system moptc
the standards for fund contreol and dccountebiifty required under the starnzarg
provision of this agreemant entitled *Accounting, Audit, and Records", )

(2)  AID funds shald not be corringled with cther grantee owned or controlled
funds. The grantee shall deposit a1l AlD cesh advances {n g seperate
bank sccount and shell meke 211 cisbursements for go0ds enc services
fror this account.

{db) [Lazh Quarter, sfter the fnitia) cash advence, the grantee shall gubmiy
to the AlD Controller, fdent{fied {n the schedule, voucher SF 1034
(orfginal) and SF 103é-A {three corfes), entitled "public Youcher for
Purchases ang Services Other Than Personal ™, copies of whick are
dttached,

(c)  Each voucher shald be fcertified by the apprepriate arant numter ars

shell be accompenfec by &n orfgina) and three copies of a report ir the
following format:

FEDZRAL CASH ADVANTE STATUS RLPORT
(Report Control N, W-245)

A. Perfod covered by this repory:

FROM  (Msnth, day, vear) forast 31, 152
T0 (Month, day, year) Febra Yy ORI ITYT
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FROM  (Minth, Cey, yeer) March 1o, 1gan
10 (Morth, day, year) Aurser 37
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B. Cash Advance Use ans Needs:

1. Cash advance on hant ot the besinning of thig reporting perfoc

T i et e 25,017

2. U.S. Treasury chect acvance(s) recefver during this reporting

perfcd............................... treetinian. 24,605
—— e
3. Irterest earnes cnocest advarce Curfng thig renertirg
A e kel
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4.  GROSS cash advance available durfng this reporting perfod (Lines 1,
2, ¢ 3)......;............. ..... Pertiiseiiiiesan.. Y 28,010

5. LESS, fnterest remitted to AlD during this reporting
period........................................... $ 00,000

~e

6. NET cash advance availedble during this reporting perfod (Line 4

wlous Line 5). L et iieenen., $ 28,010
7. Tota disbursements during this reporting period, fncluding
subddvances (see footnote L trenes tersieiiiees § 9,561
8.  Amcunt of cash tcvances avallalle at the end of this reporting
perfod (Line 6 minus Line 7)..... ... . . et e, $ 18,646
—
9.  Projected disbursements, including subadvances, for the next
reporting perfod (see footnote 2) i $ 8,000
— e
10, Additional tash advance requested for the next reperting period
(Line § minus Line 6)..,.... . .. . . e, $ 0,000
—_—

11, Tota) Interest earres on cesh edvence from the start of the grant
tc the end of this reporting perfod, but not remitied to AlD

.................................................... N 0,000
12, Total cash advances to subgrantees, {f 87y, 2s of Thé end of This
resorting perfod.... LT $ 0,000
-
FOITNDTES:

1. The grantee shall subrit 8 cumulative detafled rencrt of
Cistursements py BJOAET 1{ne {ter quarterly,

2. The grantee shall attach 8 Surmary, by BUDGET 1{ne ftem, of 1ts
prolected distursements for the next reporting perioc¢,

— - - - —

L. Certification:

The undersigned herely certiffes: (1) thet the amourt qn paragraph B9
A1IVE rerresents the best estirete of funds needed for the Cisbursements
to be fncurred cver the perfcd described, (2) that gpprorriste refund or
credit to the grant will be made fn the event of diszllowanze §n
dlcerdance with the terms of the grent, (3) thet eppropriate refun? or

LEST AVAILABLE DOCUMENT
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Credft to the grant will be made fn the event funds are not eapended,

and (4) that any {nterest accrued on the funds mede avafdadble herein
will be refunded to AlD,

BY Juan Carrasco Contreras
=

DATE  May 3, 1991, TITLE

Jefe e Oficina' de Importaciones y
Donaciones, Facultad dg Ciencias.

/
(END OF STANDARD PROY]SION)

ST AVAILABLE DOCUMENT
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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

LILIANA CARDEMILY and ALEJANDRO RIQUELME

O

Recevel 22 May 1950

2canamento ae Biologia, Faculiaa de Cigncias, Unwversidac de Chute, Casilia 653, Santiago, Chile

ABSTRACT

Araucaric araucana sceds and seedlings respond to wounding after 48 b with a 3- to 4.fold increase of hydroxyprohine-rich
glycoproteins (HRGP) in the cell walls of the embryo and with a 15-fold increase ir: the cell walls of the megagametophyte The
megagamelophyte walls accumulate six times more hydroxyprolinie per g of cell wall protein than the embryo in this wound
response. Tissue immunoprints of different parts of seeds and seedlings obtaincd with pelycional antibodics raised against HRGP
fror carrot roots or soybean seed coats indicate that the respornse is due to an increase in a protein simlar 1o the ones seen in
carrot roots or soybean seed cozts. Western blots of embryo and megagametophyte cell wall proteins subjected to SDS-PAGE
show three bands that cross-react with these antibodiss. In 2 native cationic gel system followed by Western blot analysis, only
two bands react with these antibodies. Expression of suck proteins in Araucaria araucans seeds seems 1a be developmentaily
repuisted and tissve specific, since they are present mainiy in the megagametophyte and the root cap of the embryo.

Koy words: Arancariz araucana, seeds, seedlings, cel! walls, hydioayproline-rich Ivcoprotoins,
. B B B 1

INTRODUCTION
Arncaria grewcana is a South American conifer restricted
@ nigh mountain areas in southern Chile and Argentin.
warig araucana constitutes relict forests from tertian
{Montaldo, 1974 We assume that there is a grea:
of physinlopica! adapiation of Araucaria argue o
2 :n these harsh isolated areas covered by voleame

IVas interesting then to investigate, in species of native
ke Arauceric sp., genes whose expression protec:
organisms when subjected to environmentul stress.
s protection s sccomphished through the synthesis of
o proteins.

One tlwssofsuch protective proteins is the hydroxy proi-

of the plant cell wall,
»a called eatensins by Lamport. These were character)
&by Lamport (1965, 1968) at Michigan State Uni\s:-,
2 by Stuart and Varner (19580) and Cassab, Nicto-
. Cooper. Van Heolst, and Varner (1985), at Wash.- |
 University, St Leuis. Tae HRGPs seem e be o
tiv of proteins, es har been reported by Smith, Mul-
noand Lampor: (1984; and Varner and Lin (1959

i
he]

aeerady Pres ]
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In addition, there are other cel! wall proteins, sueh as o

giveme-nich protein presant in oat coleoptiles, the seed
couts of soybean, petuniz cell walls, pumpkin seed coats,

zan as reported by Cussat
\threcnine-rich glyceprotnn
been found in corn suspension cell culiures by Kiehinzew-
ski and Lampert (19875 and in corn pericarp by Hoed,
Shenand Varner (108K

anc the protoay

cell wall of & conifer. It provides the initial
tonof the pro sopresentan dracanis a
watls from embryo and megagameiophyie s

. : el -
anZoseedhngs

MATERIALS AND METHODS

Pl masen

Cowally were prepared and panihed as described by Stuart

und Vi 980, wnd Cussab er @) (985 from wounded &

nen-wounded megagumnatophvie and enbrvonic tissuss of por.
3 PN A H

runating seeds of Ariacsrie araucane

'BEST AVAILABLE DOCUMENT
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- CeY wall proteins were extracted [rom purified walls with
r) 1€52 M CaCl, and 0. 165" mM Na,$,0; solution.

Sffhd 'ytical methods

Tte hydroxyproline content was quantificd Ly the method of
Dro:dz after hydrolysis of the walls with 6 N HC! at 121 °C
for 12h under nitrogen (Drozdz, Kucharaz, and Seyja, 1976).
Proteins were quantified by the method of Bradford (Bradford,
1976). Arabinogalactan proteins were identified and quantified
by o single radial diffusion test in agarose gels centzining B-
glucosy! Yariv reagent (Van Holst and Clarke, 1985).

Gel electrop. oresis and Western blot analyses

SDS-PAGE of protcins was performed in 30%:8%,
“acrylamide: bis acrylamide to make 8 7% polyacrylamide gel

* and run for 6 hat 25 mA in 0.165025 M Tris 0.165192 M glycine

bufler, pH 68, containing 0-1% SDS, following Lacmumli’s

o, method (Laemmli, 1970). Cationic-neutral gel electrophoresis

of rative proteins was performed es reported by Thomas and
Hodes (1981), using 40%:2%, acrylamide:bis acrylamide to
make o 7% polyacrylamide gel and run overnight at 15 mA in
G5+ M histidine, 046582 M MOPS bufler (3-[N-Morpholino)
sropanesulphonic acid) pH 68 es modified by Cessab and
Varner (1987). After gel electrophoresis half of the gel was
starned for proteins with silver nitrate stain. The other half was
subjected to Western blot analysis by transflerring the proteins
to nitrocellulose paper overnight at 130 mA using cither the
SDS-Tris-glvcine buffer or the histidine~-MOPS buffer de-
pending on the type of clectrophoresis. The nitrocellulose mer.-
brane was incubated with a primary polyclonal antibody raised
against either glycosvlated or deglycosylasted HRGPs [from
carrotl roots used at a diluti~u of 1/500 or from soybean sced
coats used at a dilution of 1/1500. These antibodies were kindly
given 1o as by Gladys Cassab and Joseph E. Varner [rom
Washington Um\c'su) Department of Biology, St. Louis, MO.
The nitrocellulose membranes were then incubated with 3 goat
sezondary antibody at a dilution of 1/20 000, raised against the
rabt [gG and conjugeted 1o alkaline phosphatase. The mem-
~rane was stained with nitroblue tetrazolium reagent 1o detect
tion product of alkaline phosphatase using § bromo-2

;-1 indoy! phoasphate as substrate (Cassab and Varner,

Tulu inunLnopring

T
.

w3de amme .op'in'.s were performed as described by Ca saub

roer (1987) with secuions of quiesceat szeds, sectians cf

ir.bibed for 48, 72, 96, and 110h; sections of uoux.dcc
stons of roor tine from panminating ezl

wvpes of wounding were performed on the seeds Th"

was mad' accidentally when the seed coatls were remove
sner o sesd imbibition, i e & lengthwise cut with a razor
s also shghtly cul the surface of the megagameiophyte This

mdt

3
3

TasLL} Hydroxyproline conient of

conditions

CeCl;y cell wali extracts undcr

Cardemil and Riguelme— Cell Wall Proteins of Araucaria araucana

type of wounding is shown in Fig. I, The sccond type was
performed intentionally with a razor blade by removing small
picces of the megagametophyte surface, making shallow depres.
sions in it, see Fig. 3n. The third type was intentionaliy per.
formed with a razor blade by cross-sectioning the seed hall-way
through and completing the cross-section immediately before
the print, sce Fig. 3p. The wounding of the megagametophytes
was performed 24-48 h before th impression of the sced cross-
scetions on nitrocellulose membrunes.

To make the prints, the tissue was pressed for 20 ¢ agairst
dry nitrocellulose paper impregnated with s 0.1652 M CaCl,,

Na,S5,0; soluticn. The wet area of the paper lelt

by the scctions was air-dried and the nitrocellulose membrine
was incubated with the primary sntibody raised against HRGP
of soybzan seed coats uscd at a dilution of 1/1500. In only one
tissuc immunoprint the membrane was incubated with a primary
polyclonal antibody raised against a 12 amino azid syntheuc
peptide; VEATNSVTEDHY, a sequence not present in <arrol
root or soybean sced coat extensins but present internzily in
the derived amino acid sequence of carrot root in a cDNA
clone which codes a 33 kD for prolinc-rich protein (p33) (Chen
and Varner, 1985). The genetic information for this proiein is
also expressed afler wounding. The antibody agatnst the syr.-
thetic polypeptide was kindly provided by Mary L. Ticrney and
it was used at a dilution of 1/75 (Tierney, Wiechert, and
Pluymers, 1988). A2E2p

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

RESULTS

Piotein and hydroxyproline conteats of cell walls of
wounded and non-wounded tissues

The amount of protein and the hydroxyproiine contert
were quantified in embryonic and megagametophytic
tissues of seeds imbibed for 48 h under wounded and
non-wounded conditions. Table | shows that hydroxypro-
line content in both tissues, either expressed as ug of
hvdreavproline in 100 wp of cel! wult protein or as wg of
hvdroxyproline per gram of fresh waight {gfw), inore
after 48 h of wounding. The level of hydroxyprohine
to 4 times higher in embryonic tissue and 15 umes hagne
in the megagametophytic tissue under wounded cond.-
tions compared with non-wounded conditions.

Pici
germinating seeds and growing seedlings

The hydroxyproline content of the whoie seed ceil wai
ulso increases during germination and early seedhin

and Bydiony profing cenienis of cell walis o

3
,
¢

wounded and non-wounded

The figures are the nverage of four experiments wih their stundord deviations.

Cordition Embnyo Megagmatiphyte

kg Hyp 10 g cwp ng Hypeln pE P IOV L W ug Hypigle
Non-wounded Go=03 20208 12407
Woundez 32408 65212 15023

jebmarcarp 26-11-90 13:50:20
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.growth. The hydroxyproline increases from the quicscent
seed to 110 h after the start of imbibition and decreases
beyond this time (Table 2). The amount of hydroxyproline
is 20-fold higher at 110h of imbibition than in the
quiescent seeds.

Tissuc immunoprints

The above results are corroborated by the tissue immu-
noprints shown in Fig. 1A, B, ¢, D and Fig. 2a where the
lissue sections show an increasing cross-reactivity with
the antibody raised against the wall protein of soybeen
coats, from quiescent seeds to seeds imbibed for 110 h,
Figure 1E is a diagram of the seed of Araucaria araucanu
where the megagamctophyte, embryos and colyledons arc
Seer.

The tissue immunoprints of Fig. Ib and D also reveal
that the root tip and the megagametophyle tissue sur-
rounding the root tip arc 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. Figure 1¢ shows
a higher cross-reactivity of the wounded area of the
megagametophyte that was cut with a razor blade when
the seed coals were removed prior to imbibition. A
diagram of the wounding cut is shown on Fig. IF.

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 see that the cross-
reactivily is given mainly by walls surrounding the large
hexagonal cells of the megagametophyte.

In Fig. 3a small pieces of the megagametophyte surface
of szeds of 48 h of imbibition were removed 24 h prior
1o performing the cross-sectioning and printing of the
seed on nitrocellulose membrane. A diagram of the
wzunding cut is shown on Fig. 3u. The wrzmbrane wus
inzubzted  with polyclonal antibodies raised aguins
HRGP from sovbean seed coats. In Fig. 3¢ seeds of 48 h
of imeuibition were cul with a razor blade half-way
through: after 24 b the cut was continued through the

. 1ot o .
> boee A eamtim ar.
3300 WO SN tal SolusnL W

membrane. A diagram of the w
3Ip. Next, the membrane was

R ;* I.Irnﬁ ona P'vwwwll ‘~r'\
ounding cut is shown in
incubated with poly-

s whede seed during the unbibition time
Thu figures are the average of four expeniments with their four standard

CIVILLOnS.
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F1G. 1. Tissue immunoprints of cross-sections of seeds and longitudinil
sections of rool tips of sccdlings of Araucaria argucana. (a) C'oss-

sections of quicscent seeds. Scale bar=1.1650 cm. (n) Crass-sections of
e LT

seeds and longitudinal sections of a root tip of a sced embryo, imbibed
for 43 h. Scale bar=1.]1650cm. (c) Cross-sectians of seecs nmhbc\_ far
72 hin a. and imbibed for 96 hours in b. Arrows show a small \xo.mdm
area by making a cut with a razor blade. Scale bar=1.1650cm.

‘N

1

(.5’](7

b)/Cn

Longitudinal scctions of root tips of seedlings after 96 h of imbibitian, (.D)_f”‘”

Scale bar=1.1650 cm (1) Diagram of a longitudinal section of a sced
of Argucaria araucana. M, megagametophyte; E, embryo, C, cotyizdons
Scaic bar=1.1§£% e (F) Diagram of the sced showing the lengthwise
cut petformed accidentally on the megagametophyte with a razor blude
when the seed coats were removed. Arrows show the wounded arvi of
the tissue. Dashed lines show ke c.oss section pesformed to mabke the
print pointed with the arrews in Fip 1c. The antibody used in al: prints
of Fig. 1 was raiscd against soybean sced coat extersin R, stands for
roots

(A\ shows 1)‘- 2rec that has bc:x n. agr f.- n (h;, u‘
car. be observed as the ccll structure giving the strongest ¢ie
with the extensin anuboady from soybear seed coats Scuie burin |

AreT

11650 em, an (b) =300 nm.

{.
clona! antibodies raised against the synthetic ponynepinde
derived from the p32 ¢DNA coding sequence as reporied
by Chen and Varner (1985) and by Tierney e al. { ‘/“;
In both Fig. 34 and 3¢ there are two coniral seclic

onz of them was completely sectioned for 48 %
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C

Fic. 3. Tissue immunoprints of partially wounded seeds of 48h of
imbibition. (A) Arcas of cross-sections of seeds which were wounded
24 h before the printing, by removing small pieces of the surface of the
megagametophyle. The wounded areas show a stronger cross reactivity
with the soybcan sced coat extensin antibody (arrows). Scale bar=
1165Gcn: (o) Diagram showing the type of wounding cut performed
in (a). Arrows point the wounded &rea of the megagametophyte. The
cashed lires correspond 10 a cross-section of the seed to inake a print.
(c} Areas of cross-sections of secds which were wounded 24 h before
the printing by cutting the seeds half-way through. The nitrocellulose
paper was incubated with antibodies raised ageinst the 12 amino acid
syntheus polypeptide derived from the coding sequence of p33. The
wounded arcas show a stronger cross-reactivity with the antibody
(arraws). Scale barw= 11650 em. (p) Disgram showing the type of
wounding cut performed in (C). Arrows point the wounded areas of
the megagametophyte The dashed lines correspond to a cruss section
of the seed perfermed to make a print. 8, non-woundzd section. b,
sormpiets wounded section

marked @5 section b and the other was only cut completely
1 v ihe printlug and s marked as section a.

SDS-polyacrylamide gel electrophoresis and Western blot
wnavsis of the cell wall proteins

Figure 4a shows a silver stained SDS-PAGE gel of the
nrotzing extracted from the celi walls of embryo and
megizametophyte tissues. Figure 4s is a Western blot
performed with the same samples. The gel shows that
nultiple proteins can be extracted from the cell walls of
these tissues with a solution of CaCl, and Na,S,0..
Hovever, only three protein bands cross-react with the
antibodies raised against HRGP of carror cell walls
(Fig. 45). The bands also cross-react with the antibodies
raised ageinst HRGP of soybean seed coats. The estim-
ated molecular weights ef these proteins are 187, 134,
and §! kD.

oon

jebmarcarp 20-11-90 i3:30:25

58,0

FIG. 4. SDS~polyacrylamide gel electrophoresis of cell wall proteins
from embryo and megagametophyte tissucs. (a) Gel stained with silver
nitrate. (8) Western blot of the same electrophoresis using anti HRGP
raised against glycosylated extensin from carrot root lissue. Arrows
show the corresponding bands of (a) and (8). Molecular weight markers
(MS) rre shown 2t the margin of (A) and (n). In (p) the molecular
weight markers are shown with the molecular weight valucs eapresscd -
in kD. Lane | of (a) and (n) are proteins ficm megagametophyte
extracted with Na,5,0, and CaCl;. Lanc 2 of (a) are protciny from
the embryo extructed with Na,S,04 and CaCl,.

Cationic neutral gel elecirophoresis and Westerr: blot
analysis of the cell wall proteins

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

In native cationic gel electrophoresis sysiems only two
proteins penetrate the pel (Fig. 5a). Both cross-react with
the antibodics ruised against either the glycosvinted or
deglvcosylated HRGP from carrot. Figure 53 shows the

ress-reactivity of Araucaria araucana cell wall proteins
with the znibocd’». reised against glycosviated carrot
HRGP. These bands also cross-react with the antibodies
raised ageinst HRGP of soybean sced coats.

DISCUSSION
From our studies it is clear that the cell walls of different
tissues of Araucaria araucana seeds and seedlings contain
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Fie.. 5. Cationic neutral gel electropi.aresis of cell walls of Araucario
argucana extracted with Na,5,0, and CaCl, 48 h after wounding. (a)
Cationic neutral gel stained with silver nitrate stain. Lanc 1; Q165348
of glycosylated HRGP {rom carro! root. Lane 2: 20 ug of Araucariu
cell wall proteins. Lane 3: 1650 ug of deglycosylated HRGP from
carrot root. Lane 4: 1,]650 ug of glycosylated HRGP from carrot root.
(B) Western blot of cationic neutral gel electrophoresis incubaled with
polyclonal antibodies raised against glycosylated HRGP of carrot root.
Lane 1: 20 ug of Araucaric cell wall proteins. Lane 2: 1 ug of glycosylated
HRGP from carrot root. Arrows show the corresponding bands of (a)
and (s).

proteins that can be extracted by buffers of high ionic
strength, The proteins extracted from the cell walls of
A.araucana in both tissues make up aboul 2:5% of the
total dry weight of the walls. However, after extraction
there are still proteins left in the cell walls as demonstrated
by the hydroxyproline released on hydrolysis of the
residual walls after proteir. 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 proteins could
be similar to those which have besn called HRGPs or
exiensins. Cxtensing as well a5 the arubincgalasian pre-
teins are localized in the extracellular matrix of higher
plants (Lamport, 1965; Varner and Lin, 1987). 9§ ¢

The proteins extracted from the cell walls of Araucaria
arcucana 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
lissues give a negative reaction with the B-glucosyl Yariv
reagent (data not shown). Furthermore, the proteins show
cross-reactivity with antibodies prepared against glvcosyl-
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; Showalier, Beli,

jebmarcarp 26-11-90 13:50:20

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 unexpecied physiological response for this tissue
since the megagamztophyte is haploid while the embryo
is diploid (Cardemil and Jordan, 1982). Indeed, previous
work performed by Cardemil and Rceinero (1982) and
Cardemil and Varner (1984) demonstrated that the level
of starch hydrolytic enzymes is much lower in the megpfa-
metophyte as compared with the embryo. It might Lu:lL_
be that the megagamectophyte 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 tissue encloses the cotviedons
during the development of the 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 1s apparent that two different
classes of cell wall proteins are expressed in wounded
tissue of A.araucana, since the wounded tissuc prints
strongly cross-react in those wounded arcas with poly-
clonal antibodies raised against extensin of soybean sced
coats and carrot roots and against the synthetic polvpep-
tide contained in p33 genetic information.

It is evident that taese proteins are part of i.ic ccll wall
since they are present in the saline extraction of purified
walls and because high magnification of tissuc immunof™__
rints reveals that the cell wall is the cellular compartment
showing a higher cross-reactivity with the antibodies.

The HRGPs of A.araucana walls arc tissug-specific,
because there is more accumulation of these proteins in
the root tip and in the mepagametophyte tissue sur-
rounding the root tip.

Quantification of the celi wall proteins of the whole
seed as well as the tissue prints, demonstrated that the
cell wall proteins which contain bydroayprohne are desel-
opmentally expressed during germination and ear!y seod-
ling growth of A. araucana seeds. That the extensins are
developmentally regulated und tissue specitic has been
already demonstrated during development of angiosperims
by Cassub er al. (1985) und Hood er al. (1688 Our
results show for the first time for the gymnospers plun:,
A. araucana, that the ccll wull proteins are also ceveiop-
mentally expressed during germination and early seediing
growth.

SDS-polyvucrylamide gel electrophoresis of the proteins
extracted froms the cell walls detect many band: of pre-
teins. However, only three of them are good candicutes
to be considered as possible extensins because these three
protein bands cross-react with the antibodies raised
against carrot root extensing.

The broad pattern of migration in 7% palvacnyienide
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_gels containing 0-1% SDS suggests that these proteins

<ould by glycoproteins.

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

The HRGPs reported so far 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‘;‘g’i‘?>3€s, 1981). Two of the three proteins
of Araucaria ardicana 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 a role in plant protection and plant defence
(Showalter et al., 1985). Therefore, the presence of these
proteins in the cell walls of the embryo and megagameto-
phyte of Araucaria argucana seeds may be related to
conservation and propagation of this endangered species
in its harsh natural environment. Seeds and seedlings of
Areucaria araucana are difficult to propagate and grow
under environmental conditions other than those of the
restricted geographic area of Chile where Araucaria forests
stil] exist, because the climate, soil, and biological factors
including fire, animals (though mainly birds which cat
the sced and pronagate it) and humans make the natural
regencration and pronagation of the seed difficult. How
these proteins may function in protection and d-fence is
unkrown but they may cross-link to form a chemical/
mechanical barrier and/or provide sites of lignin and
carbohvdrate deposition during the assembly of new cell
walls or during wall repair (Whitmore, 1978; Varner and
Lin, [987). (855

Purification of these proteins for amino acid analysis
and sequencing is underway.
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Expression of heat shock proteins in seeds and during seedling growth of
Araucaria araucana as a response to thermal stress

Claudio Goycoolea and Liliana Cardemil
Departamenio de Biologia, Facultad de Ciencias, Universidad de Chile, Santiago, Ckile
( Received for publication October 8. 1990. accepted January 7. 1991)

Goycoolea, C. and Cardemil. L. 1991. Expression of heat shock proteins in
sceds and during seedling growth of Araucaria araucana as 8 response o
thermal stress. — Piant Physiol. Biochem. 29 : 000-000.

The purpose of this work was to investigate how seeds and scedhngs of

Araucaria araucana respond to high temperatures. Embrye ais. cotvledons
and megagametophyte tissues of 4. araucana secds were subjected 10 temper-
atures of 28. 32, 36, 40, 44 and 48'C for several hours and the viability of
the tssues after exposure was determined with the colorimetnic test of the
tniphenyltetrazohum chionde or hy measunng the electrolyvte leahape. The
most sensitive tissues are the cotyvledons which die after 3 h of treatment at
44 and 45'C. The most resistant 15 the megzgametophvie which loses
viability only after 7 h at 44'C Embryvo anis of seedhngsfmore sensitive o
high temperature treatments. They lose viability after 30 min of treatmeat at
44°C. Sodium dodecylsulfate-polyvacrylamide gel electrophoresis of protens
synthesized by root tips of seedlings at 32, 36, 40 and 44°C 1n the presence
of {**S)methionine and followed by fluarographs shows thai the optimum
svnthesis and accumulation of the heat shock proteins occurs a1 36°C Eigh:
proteins are synthesized under heat shock among which it & proteir. 70 ADa
Kinctic experiments demonstrated that the new proieins are present 30 min
afie: the embryo anes have been exposed *¢ 36°C Thirty sin degrees 18 alse
the opiimum temperature for acquisiion of thermotolerance by 4 araw:ana
sesdlings

Addinona! key words — Megagametophite, heat shock, lerhal temperature,
thermotolerance, sublethal temperature

C. Goycoolea. Rengo 21, C‘onrq‘an. Chile. L. Cardemil (reprint requestsy,
Departamente de Biologia. Facultad de Ciencias. Universidad de Chile,
Casilla €53, Santiago. Chile

Résumé. Le but du trazail est de rezhercher comment ey graine et les piamiules d Araucan: araucana réagissent au
tempcratures €levees. Les tissus des axes embryonnaires, des cotylédons er des megagametophyies de graines
d’A. aracana on! el sounus a des icmperatures de 26, 32, 36, 40, 44 1 48°C pendani piusieurs heures el la viabilué
des tissus aprés e traitement a €16 détermunée par le test au chlorure de mphénliéirazolium ou par la mesure des
Juies délectrolvies Les tissus les plus sensible. sont les corylédans, qui mewent apres 3 1 de iraitement ¢ 44 er 48°C.
Le plus résistant est le mégagamétophyte, dont la viabilué diparait apres 7 h ¢ 44°C. L'ave embryonnaire est le plus
sensthic aux travements par des températures éleices, il perd sa viabilue aprés un pravement de 30 nun ¢ 44°C
Lélecorophorése sw gel do polyaceslamide-dodic v sulfate de sodim des preéines syathersies par les extrenutes des
racies de pianndes ¢ 32036 40 o1 &4°C en présence de méthionine]** S) e 1é1élecs par fluoragiaphic. mon:re que lo
svnthese optmiile 0 e cumudation des protéines de choc thermuguic se produit a 36°C - Hu proténes sont syrthénisées
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durant le stress thermique, parmi lesquelles se trouve une protéine de 10 kDa. Des expériences de cinétique indiguent
que les nouvelles protéines sont présentes 30 min aprés l'exposition des axes embryonnaires 6 36°C. La température
de X6°C est aussi la température optimale pour acquisition de | thermotolérance par les plantules d'A. araucana. Mots
clés additionnels : mégagamétophyte, choc thermique, temperature létale, thermotolérance, temperature sublétale.

" Abbreviations. SDS-PAGE, sodium dodecysulfate-polyacrylamide gel electrophoresis: hsp. heat shock proteins. TM,

treatment medivm. TTC. tnphenyltetrazolium chlonde, TCA. tnchloroacetic acid

INTRODUCTION

Plants are subjected to harsh environmental con-
ditions such as, frost, waler stress, mineral toxicity.,
nutrient starvation, extreme temperatures and
wounding caused by predators, insects and patho-
gens. However, plants are adapted to adverse con-
ditions through structural, physiological and bio-
chemical adjusiments.

As an example of lhcsi adjustments, plants
responds to exposure to high temperatures by
changing the patiern of protein synthesis, most
often with a decrease of the proteins normally
synthesized and appearance of new proteins (Schle-
singer e al., 1982; Cooper and Ho, 1983; Meyer
and Chartier, 1983). These new protzins synthe-
sized under high temperatures are denominated
heat shack proteins (Kimpel and Key, 1985). The
plant heat shock proteins (hsp) reporied so far
have been classified as hsp of high molecular mass,
between 90 and 120 kDa, hsp of medium molecu-
lar mass, between 40-89 kDa and hsp of low mol-
ccular mass between 15-39 kDa (Cooper and Ho.,
1983; Cooper er al., 1984). These low relative mol-
ccular mass proteins seem to be pecubar 1o the
plant kinpdom (Key er al.. 1981).

The physiological role of the hsp is stili under
discussion and not understood, bui they seem to
protect the organism since there 1s a high correla-
tion betweer. the appearance of the proteins aad
the acquisiion of thermotolerance (Yamamon e:
al.. 197&. Ashburner and Bonner, 1979, Barnett e/
al.. 1980. Lin e al..; Schlesinger. 19&3)

Araucaria araucuna 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 to | 700 m altitude. it the
oriental and occidental slopes of the Andes and
in the Nahuelbuta Cordillerz of the chilean cost
between latitudes of 37° 2" and 38° 4' S.

It has been suggested that 4. graucana has a
high degree of physiological adaptation io grow in
these areas. constituting relic forests originated in
the tertiary times (Montaldo, 1974).

Plant Phisio) Buwhem

The weather, climate and soil of volcanic origin
of 4. araucana forests, as well as biological factors
such as animals and humans make difficult the
natural regeneration of this conifer Seeds are shed
and germinate at the end of summer and seedlings
grow on the volcanic soil which reaches temperat-
ures of 50°C and higber at noon on hot summer
days. .
The purpose of this work was ta investigate how
seeds and seedlings of 4. araucana respond 1o high
temperatures and to study the pattern of heat
shock proteins synthesized under thermal stress,
since the genus Araucariv has been reported 10
have a tropical origin (Montaldo. 1974).

MATERIALS AND METHODS

Seeds material and germination conditions. A4ruucaria
araucana (Mol.) Koch seeds were coliected in the forest
reserve  of Malalcahuelic  {latitude 37.5° S, Chile)
betweer the months of March and April of 1986, 1987
and 1988 The seeds were stored in plastic bags a1 4°C
unti! used. For the expeniments seeds without testa were
sterilized in 8 10°¢ sodium hypochlornite solution for
Smin and then washed thorauchly in distilied water.
After sterihizalion th. seede were germinated in wet ver-
miculite The perminztior. temperature was 28°C. Deter-
mination of viabihny of tissues of quiescent seed sub-
Jected to different temperatures Sterilized seeds without
testa were divided 1n groups of 50 seeds each, and each
sced wis divided 1n two halves Each group of 100 alf-
seeds wat subjected to different iemperatures going fromi
28°C 1control eaperiment) to 320 36. 40, 44 ancé 4R°C
and with umes of exposure of , 2. 3. 5, 7 and 9 h. At
the end of treatment the hzlf-seeds were dissected nto
embryo. megagemelophvie and cotviedons and viability
v.a¢ determined by measunng the tissue arez that chan-
ged from colorless to red after staiming for 2 hin dark-
ness with (L5%¢ of tnipheny! tetrazolium chlonde (TTC).
Alternatively, the viability was determined after the tem-
perature treatment by measunng the conductance of
electrolyvies leaked from the ussue into deionized water
(leachute) The conductance of a leachate of dead seeds.
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killed in boiling water for 30 min, was considered 100%.
The per cent of leaching was expressed as conductance
of kachates after heating x 100/final conductance after
killing. The mean kaching was plotied against the tem-

. perature tested. from where the LTy, (temperature at

which the conductance became 50% of the conductance
after killing) was calculated.

Determination of growth of the embryo axis of seedlings
subjected to different temperatures. Scedlings of 120 h of
imbibition without megagametophyte were presoaked
for 3 h at 28°C in sterilized vermiculitc watered with a
solution containing the Murashige-Skoog saline com-
ponents (Murashige and Skoog, 1962) and supplemented
with 15% sucrose and 50 pgmi™' of chloramphenicol
(treatment medium = TM). After this pretreatment the
length of embryo axes were measured in millimeters and
then soaked in the same medium for |, 2 and 3 h at 28,
32, 36, 40 and 44°C. Dunng the treatment, the medium
was aerated constantly with an aquanum pump The
damage caused by the high temperature trestment was
measured by the growth recovery of the embryo axes at
28*C in 48 h. Induction of thermotolerance in embrvo
axes by exposure to sublethal temperatures. Five groups
of 15 embryo axes each. coming from seedlings of 120 h
of imbibition were pretreated for 3 h at 28°C by soahing
them in wet vermiculite watered with the saline TM
described above After the pretreziment the lengths of
the embryo axes were measured and changed to flusks
contaiming a fresh hiquid medium One group was main-
tained to 28°C as the control. Another 2nd, 3rd, 4th
and 5th groups were subjected to 2&, 32, 36, 40 and 44°C
respectively for 30 and 120 min 1n separate experiments
Each group was then subjected to 44°C (lethal temperat-
ure) for 2 h. After trcatment at 44°C, the embryo axes
were changed to solid medium and kept at 28°C for 48 b
After this time the recovers of prowth was determined by
measunng the length of the axes

Incurporstion of [**S]methionine. Scedhngs of 120 h of
imbibition with radicle: between 1.8-2.0 cm long. were
dissected to separate the embprye axes from the megage-
metophyie The embrye exes were further cut inio precet
of I cm Fne groups conmtwmng pieces of 18 embnyo
ares each were incubatad for three hourt in hguid TM
under continuous aerzt:on. After this time the group 1.
2, 3.4 anc £ were subyecied 1o 28, 32. 30, 40 and 44'C
respectively for 2 bon acrated ligwd TM [**S)methion-
ine with a speaific radwacuviy of 342 MBammol ™!
(from: ICN Radiochemicals) wae added 1o the media, to
cblain a2 concentranorn of  radsoactivity  of
1.48 MBqml™ ‘. The [**S)methionine was added to the
tinal 30 min of 2 h of temperature treatment in order
to determine the proteins synthesized under heat shock,
or added at the bemnning of the 2 h of temperature
exposure In order to determine the accumulation of

Heat shock proteins in Arawcaria @raucana 3

proteins synthesized during this time. For kinetics
experiments the [**S}methionine of the same specific
radioactivity mentioned above was added to the medium
containing the picces of embryo axes. The [*'S)methion-
inc was added for 30 min at the end of the penod of
exposure at 36°C (30 min. 1, 2. 3. 4 or 5 h).

Extraction of proteins labelled with [**)methionine. The
extractior of protemns was performed by the method
described by Cooper and Ho (1953} using the buffer of
Laemmb (1970) made up of 006 M Tns-HI (pH 6.8)
and containing 2% of sodium dodecyvlsulfate (SDS), 10%
glvcerol and 5% mercaptoethanol. The peces of tissue
were homogenized with a glass homogenizer and main-
tained for 2 min in water bath at 100°C, the homogenate
was then centrifuged mn an Eppendorf microfuge for
3 min. The incorporation of [**Sjmethionine was deter-
mined 1n the protens of the supernatant. For this, the
proteins of the extract were precipitated wath tnchlo-
roacetic acid (TCA) as it has been described by Mans
and Novelh (1960). taking shquots of 10 pl and piaced
on a disk of filter paper Whatmman 3MM 1.4 cm in
diameter. The paper was dried for 20 s Each paper disk
was soaked [uv 60 min in 10% TCA containing 01 M
cold methionine The disks were washed with 10% TCA
at room temperature for 15 min followed by a second
wash with 5% TCA at 90°C fo: 30 min After the TCA
washes. the disks were pasced through an ethzno! ether -
solutior: (11, v.vj for 30 min a1t 37°C, washed in pure
ether for 12 min and dned at room temperature The
dnied paper disks were placed into sointllation fiud of
toluene and Triton X-100 1n a rsno of 2 1 containing
4 g™ of 2.5-diphenylorazole, (PPO) and 50 mg ) ™! of
1.4-bis( S-phenyi-Z-oxazolv)-benzene,  2.2°-p-phenylene
bis(3-phenyionazole) (POPOP) The radioactivity was
measured i . Phillips hguid sainnliation counter Quan-
ufication of proteins of the tssue extracts was periormec
by Bradford’s methad (Bradford. 19761 afte: precipiia-
tor. of thy proteins with 10 volumes of cold acetone
and resuspension an 001 M Tns A radioactivity of
50 Bqur ™! protan was conaidered aca pood incorpor-
aton

Protein  electrophoresis. The  protemns latellec with
[**Simethionmine were scparatec by elecirophoresis 1n
SDS-polvacrylamide gels, by the method desenbed by
Laemmi: (19701 The running ge. was 10% polyacnyla-
mide containing 0 1% SDS, (pH & & The stacking gel
was R E¢0 pobheenlanude contaiming 01°. SDS
(pH ¢ &) Each channel of the g2l was loads¢ with RO g
of proteins with & total radioactinity of 2,500-5 (X Bg
The electrophorests was run for 7 h at 180V, using
the Laemmli’s buffer (1970) The proteins bands were
visuzhzed on the gel with 0 25°« Coomasie R 25010 50%¢
methanol and 10% acenic acid The gel was destained
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with 10% acetic acid and 50% methanol for 4 h st room
temperature.

Fluorography. In order to detect the synthesized proteins
during the thermal stress, the protein bands were visual-
ized by the radioactivity of the [**Sjmethionine incorpor-
aled in the proteins For this. after electrophoresis, the
gel was twice washed with 10%¢ acetic and 40% ethanol
for 30 min each wash. Afterwards, the gel was submer-
ged in solution of 0.4% PPO, 20% cthanol. 30% xylo]
and 50% acetic acid for 3 h. The PPO was preaipitated
into the gel with distilled water for 2.5 h. After precip.ta-
tion of the PPO, the gel was dned under vacuum in
between two sheets of Saran Wrap. The dried gel was
exposed to a Kodak X Omat film a1—- 80°C for four
days.

RESULTS

Determination of viability of seeds and seedlings

The three tissues of quiescent seeds of Araucaria
araucana, 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-§& h.
These three ussues are affected differently in their
viability by exposure to high temperatures.
Figure 1 shows that the embryo axes signmificantly
lose their viability compared with the c¢.ntrol

experiment, after 5h of treatment to 44-48°C
(p<0.005, probability given by Student’s test). The
colyledons 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-.0 cm, were subjected to tem-
peratures of 28, 32. 36. 40 and 44°C for periods
of 30 and 60 min. After the temp»:rature exposures,
the seedlings were returned for 48 to 28°C and the
length of the roots was measured again. Figure 2 A
shows the growth of seedling embryo axes expres-
sed as percent of growth of the control samples.
An exposure of 30 min at 44°C reduces the growth
of the embryo axes to 16%. However, the embryo
axes show 80% of control growth when exposed
for 30 min at 32. 36 and 4p°*C.

A thermal treatment for 60 min at 36'C decreaes

the seedling prowth to 58% of the control and -

to 48% when the temperature is 40°C. Seedlings
subjected for 60 min 10 44°C do not recover
growth (fig. 2 B)

These experiments to study thermal resistance
allowed us to determine the Jethal and sublethal
ternperatures 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.

cotyledons 3h embryo axes 5h megagametophyte  7h
> 100 T H i 1
E 60} -
=z
> I - 1
*® 20} - 1
sé 20 4-‘:" 48
Temperature (*C)

Figure L. Vighidie of the difierent neues of guicscen? seeds of Araucane araucana The resubts are showrn at the minimum penod

of time (3 4 for conviedons &k for embryo axes and 7 b for

megapametophyie) at which there ss 2 sipnificant decrease of

viability by exposure 1o gk terperatures The control expenment was performed at 25°C and 1t 1s shown ac white bars, the
expenments were performed a1 320 36, 40 and 48°C and arc showrn 23 doted bars The viabiity method of TTC or by
determinztion of electrolyte leakape The standarc devianiorn 1s grven for cach bar
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Figure 2. Growth recover) of embryv axes of Arsucaria arau-
cane Afier 30 mun of thermai exposure in A or after 60 min
of thermal exposure in B The recovery is given as per cent of
growth of the contro} emmbryo axes maintained at 28°C The
stress temperatures were 32, 36, 40 and 44°C. After the thermal
treatment the axes were placed at 28°C for 4k L and the length
of the embnye axet were mezsured The standard deviation i
piver {or each har

Protein pattern of embryo axes after 2 h of heat
shock

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

Two kinds of experiments were performed to
discriminate between protein accumulation and

Heat shock preteins in Araucaria araucana S

protein synthesis during heat shock. The accumula-
tion of proteins was studied by incubation of the
tissue in the presence [**S)methionine during 2 h
of 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 [**Sjmezhionine during the last 30 min
of the 2 h of exposure at the appropiate temperat-
ures. Figure 3 is a fluorography of a SDS-PAGE

E &

(4

1]
-
~

kDa

h
[
[ ]

-3%°C

116.0 -

840.

580.
485_

Figure 3. Fluorogram of the protemns accumulated ir. embryvo aves
under hegt stress. Prolam accumulauon correspond 1o 2 h of
incubatior.  at differer temiperatures  in the  presence
1 48 MBg ml™ of [**S]methuonine used as precursor of protein
synthesis Each eapenmen.al group was of s embne awes
After incuhation. the pretains were extracted from the tissus
and analhvzed by SDS-PAGT foliowed by fluorographs of the
gel The complzte arross point 1o thase new prowcns (hspr pos
present in thy contro' emnnye anes ncubated at 28°C The
arrom heaas point e thow hends whics increas o0 radioactng
intensity upor, therma! exposure

of the proteins accumulated 1n 2 h of heat shock.
The proteins were analvzed and compared with
those present in embdryvo aves grown at 28°C Sewven
new hands of protair appear 1n the embryo axes
under heat stress. which are not deteciable in the
control samples. The seven new bands of proteins
have relative molecular masses of 126, 106, 89, 77,
44, 24 and 19 kDa These new proteins present
under heat shock have been denominated heat
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shock proteins (hsp) (Kimpe! 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 126 and 24 kDa. are not present
a1 40°C. There are also some other proieins 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 44°C,

hDa

26 6-

Figsre 4. Fluorogram of the protewns synthesized in embrvo avxes
under hear siress The syrithzsis of proteins correspond to the
last 30 mur of 2 h of incubatior. a1 differen temperatures 1,
the presence of ! 48 MBg m! ' of [**S;methioninz used at
precussor of proterr svathes:s Each expenimenta’ group was
of siv embryo ares After mzubation the protent were extracted
from. the ussue and an:'szed by SDSPAGE. foliowed
fluc-ography of the pel The commeie arrous poant the band:
of nzw proteins not present i the contro! embno axes treated
al 28°C (hspy The arrow heads point 10 those bands whsch,
increase ar radioachive in.ons:ity upor thermal exposure

Figure 41¢ a fluorogram of the proieins synthe-
stized during heat shoch since the [**S)methionine
was incorporated in the fast 3¢ min of the 2 b of
thermal exposure It 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 fluoregramn the bands are
s 2n better resolved. it is possible to detect one
additonal band svnthesized under stress. This

Piant Physio! Riochen:

band has a 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 synthesized at 44°C. Indeed, at 44°C the

Table 1. Protein synthesis and relative miensiny of the radivacive
proiein hands of emhryc axes subjecied i6 thermal siress The
molecular mass and the relative intensities of the radicactive
bands of the synthesized protems i embryo axes upon thermal
stress are shown and compared with the control at 28°C, as
scenin figurc 4~ relatine intensities of the radivactive bands
The intensity 1s compared amang the bands of the same protein.

Molecular Control  32°C 36°C 40°C 44'C
Mas¢ (kDa)
126° - - + -
106¢ - - -
101 + - +4 4 + 4 -
98 + + 4 -+ +
94 - + + + + 4 +
Eo* - 4+ st 4 4ot “+
[ X) + + -+ + 4 -
RO -+ +tH T oy +
77 - v 4t - +
69 -+ - + 4+ 4 4 +
44 - - -+ -

-

kX - LI I B L I
U - - - - -+ - -
20 - - e - - - -+
Iy - .4 + -~ +
17 - N - - -

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

svathesis of proteint dechnes. Table 1 1s a sum-
mary of the proteins synthesized under heat shock,
showing an estimator. of the intensity of radioac-
uvity incorporated per band From these results
we condude that the opuimum temperature for
synthes:c and uccumulstion of heat shovk proteins
NI G

Kinetic of appearance of the hsp in embryo axes

Since 36°C 15 the opiimum iemperature for svn-
thests and accumulation of hsp. a kineuc exper-
mment of apprarance of the proteins bands at 36°C
was run, with the purpoase to determine how soon
proicins appear 1n thr tissue after the beginning
of a thermal treatment For this purpose the tissue
of embryo axes was incubated for different periods
~f time (from 30 min to £ hy in the presence of
[**S]methionine added for 30 min at the end of
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Figure 5. Kineucs of protems synthesis in embrio aves. The
embryo axes were subjected at 36°C for difTerent penods of
ume (from 20 mic to Sh) Groups of ¢ embryo axes were
incubated at 36'C an the presence of 14% MBgqm!™' of
[P*S}methiomne which was added to the medium in the last
3 min of the peniod of thermai rzatment Afier the expaosure
10 36°C the protens were entracted from the tissue and anals-
7cd SDS-PAGE followed by tluorography of the pel The
camplete arrows show the siew protems bands not present in
cmbryo axes incubated at 28°C The artow heads shew those
bands of proteins which increass in radiwoactive intensity upon
therma! trestment

two hours of thermal treatment. Figure 8 ic a flue-
rogram showing the results of this experiment. Sia
of the eight hsp. are deiested after 30 min of heat
shock at 36°C (106, & 77 2. 19 and 17 kDa
protzins; After 1 h. the bands 126 and 44 kDa
are alse present Analyvwis of the intensity of the
bands shows thai mamimun, incorporation of
radioactivity per band occurs from 110 2 h alter
heat shock tmitistion After 2 h of heat shock the
proteins 77 and 17 kDa are not longer present
After Sh of trestment the proteins 126 ic nat
present and most of the intensity of the protein
band- decline (1ub. 2)

Acquisition of thermotolerance by the embryo aves

Because 36°C is the optimum temperature for
heat shock protein synthesis and accumulation, the
question to ask is whether or not 36°C s the

Heat shock proteins in Araucaria eraucanc 7

Table 2. Kinetics experiment of prolewns svathesis by embryo
subjected 1o 36°C and relative intensity of the radioactive pro-
teins bands The molkecular mass and the refative sntensity of
the protain bands detected 1n the kinetic expenment of protein
synthems are shown for embryo axes when exposed to 36°C
for different periods of tirne (30 min to § h). as seen in figure 5.
+ ., relative intensities of the radicactive proteins bands The
intensity 15 compared among the bands of the same protein

Molecular  Contret 30 min 1h 2h 3h Sh
Mass (A Da)
126* - - - + -~ -
106 - + + 4 44 et 4
I -+ LI I A A A A IR I B Y
98 “+ + R R A A A
94 “+ 444+ttt 4+ 4+
89 - + + 4+ o+ + 4+ +
84 + - 444 . - - +
80 + L R A
1 - + e - -
69 -+ + B T
44° - +  tt et a4t 4.
kX] + L A I A .
24* - + + + - - - -+ +
20 + LIRS I 2R IR B 2 R
19 - e At 4 -~ +
17 - -+

+ 4+ 4 -+ - -

¢ Molecular mass of the proteins bands (hsp) not present at
2'C

opumum temperature for acquisition of thermoto-
lerance by the embrvo anes of 4. arqucana.
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 an]
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 ai
sublethal temperatures. followed of & 44°C heat
shock for 2 h. was 52% of the control group when
the sublethal temperature was 32°C. and 4% when
the sublethal temperature was 3¢°C. The embrvo
axes subjected for 2 b te 40°C. prior 1c exposure
al 44°C. recover growth 1in onh 24% (fig 6 A)
This growth is sull less than the growth recoven
of embryo axes subjected to 28°C before heat
shock for 2 h at 44°C.

Therefore, 36°C 15 also the best sublethal tem-
perature to induce thermotolerance in embry o axes
of 4 araucana.

DISCUSSION

The three main tssues of Araucaria araucana
seeds respond differently to high temperatures. The
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Figure 6. Thermotolerance induction 1n embrye axes of Araucana
araucana by capasure of the tissues 1o sutlethal temperatures
The sublethal conditions were temperatures of 32, 3¢ and 40°C
for 30 minin A and for 120 min ir B After lhe treatment to
the subjethal temperatures. the embryo axes were subjected 10
2k of heat shock st the dethal temperature of 44°C The
acgursinon of thermotolerance was detected by the per cent of
grouth recovery of the axes when further incubated for & penod
of 4t h a1 28°C afie: the letha) temperature treatment

cotyvledons are the most sensitive 1o thermal siress
while the megagametophyte is the most resistant
tissue of the seed to high temperature exposure.
The loss of viability of the cotyledons could be
duc to eaxperimental conditions since thes are never
exposed to external environments. Indeed. the
cotyledons remain inside the megametophyte dur-
ing germinaiion and scedling growth, because they

Plant Physiol Buichem

are the haustorial organs of the system and trans-
port sugars and amino acids from the megagame-
tophyte to the embryo (Lozada and Cardemil,
1983).

This relationship between cotyledons and mega-
gametophyie is perhaps related to another physio-
logical role that the megagametophyte seems to
have, besides being the reserve tissue of the seed.
That role 1s to serve as a protective and isolating
organ. for the embryc and cotyledons (Cardemil
and Reinero, 1982, Cardemil and Varner. 1985;
Lozada and Cardemil, 1984). Thercfore, 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
matenal packed in amyloplasts in the cells of the
megagametophyte (Cardemil and Reinero, 1982,
Reinero er al., 1983).

The A. araucana seedhings are sensitive to lagh
temperature exposure. may be due to the high
water content of the growing tissues after permina-
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
embrye has been consumed with a considerable
increase in fresh weight (Cardemil and Reinero,
1982: Reinero er al.. 1983, Cardemil and Varner,
1985;.

The experiments of thermotolerance performed
with seeds and seedhings of 4. araucuna allowed
us to define the lethal {44°C) and sublethal temper-
atures (32, 36 and 40°C) for the system. This
distinction between lethal and sublethal temperat-
ures is very important for 4. araucana seedhngs as
in any other hving system because organisms
acquire thermotolerance after eaxposure to suble-
thal corditions and therefore can resist lethal tem-
peratures, (Lin e al. 1984; Cardemil, 19831 Fur-
thermore the acguisiion of thermotolerance by
orgamsms s correlated with the presence of heat
shock proicins.

The main charactenstics of the hsp can be sum-
manzed: (a) The hea: shock proteins are svnthe-
sized under thermal stress. condition that most
often decreases synthesis of normal proteins.
(b) The hsp are svnthesized at sublethal temperat-
ures and when the orgamsm acquires thermotoler-
ance. (¢) The hsp are transient beczuse they disap-
pear under continuous heat shock or when the
organism i put back to normal temperature.
(d) There are hsp of high. medium and low molecu-
lar masscs, these last ones being peculiar 1o the
plant kingdom.
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In seedlings of A. araucana eight hsp were
detected and they fit the hsp characteristics men-
tioncd above. Among the hsp of A. araucana there
is 8 prominent protein of 89 kDa. A protein of
identical molecular mass has been reported as hsp
in chicken embryvos by Schlesingger er al. (1982)
and it seems to be related 1o glvcolysis; it has been
suggested that it could be a phosphatase or a
phosphtransferase (Schlesinger. 1985).

There are two heat shock proteins in
A. araucana seedlings which are good condidates
to be considered the cquivalent of the universal
hsp 70 kDa. These are the proteins 80 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 constitutive genes whose magni-
tude of expression would be regulated by thermal
conditions.

There is another protein of 77 kDa expressed
only under heat shock and not present at 28°C.
The protein has @ maximum accumulation at 40°C,
but its synthesis seems to be low and uniform in
seedlings treated at 32, 36 and 40°C. Therefore.
this protein may not correspond to the 70 kDa
protein. However, with the methods used in this
work it is not passible to identify the hsp 70 kDa.
Antibodies raised against o 70 kDa protein from
other organism may help to identify this protein
of A. araucana since it has been reported that there
1s a high degree of conservation 1in the sequence
of the 70 kDa protein as well as in the gene coding
for this protein (Ingolia and Craig. 1982, Rochester
er al, 1986). This is the case for corn. where
two genes for the protein have been clon:d and
sequenced. Both penes have a 6&% homology
between the predicted sequence of amino acids
with the amino acid sequence of the 70 kD pre-
tein of Drusophile (Rochester er al., 19%6)

There are in embryvo anes of 4 araucana two
other proteins of high molecular mass, one of
126 and other of 106 kDa In corn. protems of
molecular mass higher than 89 kDz are not present
(Cooper and Ho. 1983). However, in tabacco pro-
toplasts the expression of hsp 120 and 100 kDa
with 1soelectric points of S and 7 has been reporied
(Mecver and Chartier, 1983)

In 4. araucanc three hsp of low moleculur
masses are present. In the hterature similar pro-
teins have been considered peculiar to the plant
kingdom (Meyer and Charuer, 1983; Cooper and
Ho, 1983, Coaper er al, 1984. Kimpel and Key,
1985).

Heat shock proteins in 4raucaria araucana 9

Ubiquitin, a conserved and universal low mol-
ecular mass peplide of & kDa has been reported
to be a heat shock protein, since it increases 6-
fold under thermal stress (Bond and Schlensinger,
1985; Vierstra, 1987). Under the SDS-PAGE con-
ditions used for protein analyses of A. araucana
the ubiquitin can not be detected, but the peptide
seems (o be expressed in A. araucana seedlings
under heat shock Indeed. Northern analysis of
total RNA using a heterologous probe of chicken
ubiquitin shows an increases of 6-fcld of ubiquitin
mRXNA in the embryo axes when this tissue 1s
exposed 1o 36'C (data not shown).

The hsp of embryo axes of A4. araucana have
their maximum expression at 36'C. Therefore,
36°C is the optimum temperature for accumulation
and synthesis of hsp. A kinetic experiment for hsp
appearance shows that the expression of most of
the new proteins occurs after 30 mn of heat shock.
Very possibly, these proteins are expressed before
30 min, at a level that is nol easy to detect by
electrophoresis.

It 15 also important to point out that the
svsthesis of normal proteins in embryo axes of
A. araucana continues under thermal stress and
does not dechne. as seems to be the case for
tobacco or sovbean plants where normal protein
syvnthesis stops under heat conditions Therefore,
the embryo axes of 4 araucanc respona to thermal
stress with synthesis and accumulation of new pro-
teins and increased raie of svnthesis of many other
proteins already present at 28°C.

Being 36°C the best temperature for hsp eapres-
sion. the obvious question to ask was if 36°C is
also the best temperature for acquisition of ther-
moltolerance. Indeed the experiment of thermoto-
lerance induction by sublethal temperatures in
embryo axes of A4 arusucana demonstrated that
36°C i also the opumem temperature for indug-
ton of tolerance to resist fethal temperatures.
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I viTrp MULTIPLICTION OF PIULIPPLE (s g CCrosus “ERR.,)
USI®Z XILL-RY =095 FaCl THE cec'n,

Jezonier Socea-as, Yatienal Agricultur:) Pesesrch Instityse,
“on Repos, Iset Cpmes Demar-ra, Uy,

Studies WETeC oa7Zuct el ¢ cevelop =2 suster for the razid in vitrg
multizlicetion of pinezpple shoots, Bormant axillary buds, 4-6mm in
diameter, excizor €ro- the stem region of the crowns o7 ihe nireapple
cultivar !llontserrat were used,

‘The zrsclts shew that bucs which were initiste2 in Zicuid or on sgar-
solified S medium sutol2-enied with various tencentrcticong of 2%, Bap
and/or SA3 coul? be induczé 4o form multiple sheots, At hyd burst, i,e,
3pproxinately 9 eckz afias initistion, bucc were transferzed to liguid
mediun for sheot “ultinlication, ‘pical meristems, in contrast, began
§hoot multi-lication carlier then the axillary “Yude,

Cenerzlly, shoots were prezuced at the rate of £-10 every three weeks,

Some cultures which used shoots older than six weeks produced up to five

shoots per explant weekly, During shoot multislication, cultures were
maintained either non-sheking or with continuous aeration, Shoots
rerained green €uring culture and were trensferred to egar-solidified
meZium prisr fo »eaning,  Shoots were rocted either during in vitro
culture or at the tezning stage,

GENE EXPRESSION ToO THERMAL STRESS [N TWO NATIVE
TREES OF CHILE: ARAUCARIA ARAUCANA AND PROSOPIS
CHILENSIS,

Ullana  Carcesi), Clawdio Goycoolea and Consuelo Meding, Departasento de Biologfa, Facultad
de Clencias, Universidad e Chile, Santiago, Chile.

drewcaris armucans constitutes tempi ated relic forests of high mountains {n the austra) region of

South America with differences of temperatures  betumen dy end might ond hetveen

sexsons of  2°C, &nsqmmu:mhhllegmim tree of the arid and sen erid froa northern

ard central Chile, |In Mmmmmmmmwcnmm&mmp.

2y perforing heat shoct experients, we have Investigated hov seeds and seedlings of these tress

respond to high temparature and hoy they woquire thermtolerance vhen  exmosed o sublethal

texperatures, .
Indeed, theminp\nnsea!t!ﬂsrswdalm been to test the hypothests that Tative trees are

adapted to their matyuml environzent bacause they heve s high degree of expression of those

resistant genes to stand har<h environaental corditions. The high degree of erpressiorn, could be due

toa high pwber of feres confarlng reststance o due to regulatory machanices of gene

fuction®,

505-Pol yucrylamide el electrophorests of the synthezised mroteins  under therm] stress and

in the presence of >5-methionine, Meste,n blol eralyses using polyclonal entibodies against heat

shock proteins {hsp) end Morthern hytridization amlyses using probes for the 7 YD hsp and for the

wiguitin have allov us to test the above hypottasic os wel] to select for high resistant

individals in the matural populations of these traec.

AID Grant FFf L 5-55-8073-00 and FORDECYT 0160788
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24 RESPONSE TO WOUND STRESS BY SEEDLINGS OF ARAUCARIA
ARAUCANA AND PROSOPIS CHILENSIS,

Liliana Cardenil, Alejandro Riquelse and José Bregorio Rodriguez, Departasento de Biologia
Facultad de Ciencias, Universidad de Chile, Santiago, Chile,

Tissies of seedlings of fraucaria araucana and Prosopis chilensis respond to wounding by
increasing froa 10 - 20 folds the basal level of cell mall proteins,

Tissve inaunoprints of the different organs present in seeds and seedlings of & araucana and B,
chilensis using polyclonal antibodies raised against hydraxyproline-rich glycoproteins (HR5P's,
extensins} present in cell walls of carrot roots or soybean cell walls.

The tissue inauncprints also reveal that In @, araucana, the pegaganetophyte, 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 thess proteins,
SDS-polyacrylamide gel electrophoresis of the cell mall proteins followed by bestern blot
analysis reveals that are J cel]l mll proteins A, acaxcana and 4 in the case of B, chilensis,
inmmacross react with carrot and soybean extensin antibodies, Soee of these proteins

can run in their native fores under conditions of catjonic neutral gel electrophoresis {ndicating
a basic nature of these proteins.

In A, araucana two of the cell ml) proteins have been pritied and further characterized for
aino acid cosposition and for ML terainal sequences. Two peoteins have peroxidase activity,
RID Grant BDPF S2-6-55-8073-00 and FINDELYT 0160/88,
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