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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 guidelines 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 bean 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 Etroke.
 

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 also and as
been printed used 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 with
research Prosopis chilensis in
 

Vicufia (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 CO2 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 using "the ingenious kit" method to label a RNA
 

probe containing genetic information for extensin . We are 

hoping to develop this method also 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 begun 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 report of Disbursement
 

of Budget for the reporting period.
 

4) Special Concerns : No special concerns.
 

5) Collaborations, Travel, Training and Publicationst
 

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 Jos6, 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 Prosopis chilensis" from the authors Liliana
 

Cardemil, Alejandro Riquelme, Jos6 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 Lo
 

be able to meet people related to our work and discuss our
 

results with them.
 



Disbursements of Budget Grant # DPE-5542-G-SS-8073-O0 

Cummulative Detailed Report 

From 
To 

Us$ 

Salaries 3,457 

Equipment 

Travel 1,315 

Reagents (supplies) 4,152 

Other Costs (Bibliography and 637 
equipment repair) 

9,561
TOTAL ................................ 


BEST AVAILABLE COPY
 



TOTAL DISBURSEMENTS OF BUDGET
 

CUMMULATIVE REPORT UP TO AUGUST 30, 


From 

August 30, 1988 

To 

May 5, 1989 


USS$ 

SALARIES 1,440 

EQUIPMENT 45,755 

TRAVEL 5,874 

REAGENTS 4,190 

OTHER COSTS 1,230 

TOTAL... 58,489 


1990 (First and second year) 

From 
May 5, 1989 
To 
August 30, 1989 

U$ 

From 
August 31, 1989 
To 
February 28, 1990 

-U.') $ 

From 
March Is , 1990 
Tou 
Au,usL 30, 1990 

From 
August 31, 1990 
To 
February 28, 1991 

US$ 

TOTAL 

$ 

2,424 

1,431 

1,794 

4,174 

12,473 

5,9d 

2, t)I-, 

1,852 

1,506 

6,146 

3,031 

(JO0, 

6,196 

10,174 

1,505 

3,'."Y/ 

1,315 

4,152 

637 

16,31J 

d4 

19,033 

24,1,0 

21,91 

22,296 18,117 22,906 9,561 131,311 
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REOUEST FOR ADVANCE , 	 1 w,
OR REIMBURSEMENT 	 &.'Z,,O,,,,, . OF M"b" , 

&.PKftl[lu. (S.. fbutfwtiwo bw,,5'OIltN lAk)AO.DCVO' OAM' ZTlCod4A ILrh D4 TO 1'JTO FINAL r PSM.AL I Q AOA,;is 	+o Tll l mJrL dII
W'?4C. THai RUlt susrr lriocy O uiaRAWJ us P flLu? 
XT CRA.LA4PC LU 

Agency for International Development 
 DPE5542G.0SS8073.. 
46Eh5PKOrfR ivmi. MIUMBZRt L0U Olt IrOU N UMBy 	 UT 

13 EST 

August 31, 1990 February 28,1991.
 

Universidad de Chile, Fac. de Cienclas
 

w 	 Bano-o de Chile,
 
Dep. del Ext. Sec. Contabilldad
 

,,.wAcc. I 51
 
,,~~ 	asi11a 151-D . ,,
 

,Wz1 ..Santia:o, Chile. 	 Cal.30,

11. 	 COMPUTATION OF AMOUNT OF RMURStfEQCmS/ADVAhDCE3 

_E____U_
(B) (b) (c) 

P*0GRAMS/FUNCnlONS/ACTT1ES j. Salaries & Equipment & Reagents & TATT.L 
Travel Other Costs Supplies


a.T~ s u ) 	 --P lP m(A of d 
a. 
TI 	 $ 68,350 
 $ 66,470 $ 15,000 $149,820
 

b.L.a :CuruiWsv Drm 1 35,343 71,831 24,196 131,371
 
C. rwsm Outy (Lie 33,007 -5,361 9,196 18,449
 

Perwod 4,000 0,000 4,000 8,000
 

GtsI St of l.e&a ) 37, 007 -5,361 13,000 18,646 

f. 14o ,.F-rgI on lneasham, of .mu nt 

I- Foers' " 0lo'amountI _ _ on li..i 	 _ 

h. FW*.-al p~m f pvuywOus '.4ue.O 
L F Seha"re now rQugod (Li[iag 	 Iu.mubn ) ____	 

I 

.	 Advr'.ns rmouirud by l1. ryt- ) T
 
month, wrw reques*l
 
ad by Faeqai grurrtof
 
agncy f- us In ma)k. I 
 I
in r.5 co ad so 2nd mot-- r--t 

ALTERNATE1-	 COMl JTAT)ON FOR AN.RVCES ONLY 

aEstaed Feeof Cash otittrn that %"I[be made durnng p.'nod coveau by Me*s~ o. $ 8, C 
b L .j. ~Etim.nto balan.c of Fedral Clsh on hand as-	 of beginnrig of bd 'l~ne enoc 

L Arnoufr 'o uetei Li 	 a m n lin b) $ 
.1CERTIFICATION 

zl1jnof ALJT),OftILMCEX-1rY IPG OPT1C.AI DA-E RE: UL3 
I ce"fy that to the b o m kmog 

SU 	 ITIt 

the*, all 3otatla' worn macs Ir. 0=0O arlce
Wvtmithegrant O3'I or agre, P t. OPs1W rther P.-,L ANO 'L'LL RLE.' 
merit ama thatO.Yins-t is Cue .1c:has not CVL NUwB ER 
bl--	 Prvviouliy r3iUmoc. 

BEST AVAILABLE DOCUM)ENT 
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PAl ENT -
PERIODIC ADVAN:E (NOVEMBER 1985) 
(This provision IS applicable when (1)the grantee has an acceptable
accounting system (2) the grantee has the ability to maintain procedurestwll rinirize the time elapsing between that
disbursement thereof, and-(3) 

the transfer of furnds and thethe grantee's financialthe standards management systerrfor fund control and accountability required 
eets 

provision of under the Star,Zardthis agreement entitled Accounting. Audit, and Records".)
(a) AID funds shall not be corringled with other grantee ownedfunds. The grantee shall or controlleddeposit all AIDbank accuunt and shall make all 

cash advances In a separatedisbursements for gocods and services
from this account.
 

(b) Each quarter, after the Initial 
cash advance, the grantee shall suLr.itto the AID Controller, Identified In the schedule, voucher SF 1034
(original) 
and SF 1034-A (three copies),Purchases and Services Other Than 
entitled 'Public Voucher forPersonal' copies of which are

attached.
 

(c) Each voucher shall
shall be accofanied

be 
by 
idertified by the appropriate arent nIr).,er aran original and three copies of a report In thefollowing fornat:
 

FEDEKA: CAS 
 A"vAN:E STATUS REPOPT
 
(Report Control N:. W-245)
 

A. Period covered by this report: 

F;cO. 
TO 

(Mznth, dad, year)
(Month. day, year) 

A 31, 
."Th]T; 

1 Ci 
7y-

Period covered by the ne-t report:
FF (H:rLh,Fday, year) MarcnI1,TO (Month, day, year) A~uF s32, 

1932 

B. Cash Advance Use and heeds: 
1. Cas.. . . . Advance on. . . ..........ad a e h n at...............
han. at the beginninr 
 of this reportin; perfod
2 , o p r 

2. U.S. Treasury check advance(s) received during tisperiod ........................................... reportino
 
2 6,


3. Interest earnf 
co cash advance du-irg t- s rep.rting
period ........................................... 

$ 2, 

BEST AVAILABLE DOCUMENT
 



4. GROSS cash advance available during this reportng period (Lines 1,
2, ...... ..................................... 

28,010

5. 
LESS, interest remitted to AID during this reporting

period .. 


00,000 
6. 
 NET cash advance available during this reporting period (Line 4
Minus Line 5).......................................... 


$ 28,010

7. 
 Total disburse-ents during this reporting period, including
$utadYances (see footnote 1)
........................... 
 $ 9,561
 
8. k :unt of cash advances aYallatle at the end of this reportingperiod (Line 6 rrus Line 7)........................... 


$ 18,646
 
9. 
 Projected disbursements, including subadvances, for the
reporting period (see footnote 2) 

next
 
...................... 
 $ 8,000

10. Additional cash advanc 
 reqjested for the next repurting period
1L i e 9 rAnus Line E).................................. 

$ 0,00 

11. Total interest earned on cash advan-e from the tartt: the end of this re,-rtin; period, bit 
of the grant 

........... not rer.itted
........ . to AID
.............
 ,........ 
re..tted..o...
 
reporting period12. T otal cash advances to subgrantees,, SoT-f nif ay,y $ C'Denr-T-o ofthre~rtn..e.o....................................~ 


$ ,000 

1. The grantee shall sub"it a cu~ilative detailed repcort ofdssuse 
 ,t~s Cy E '37T line iter quarterly. 
2. The g-ar.tee shall attach a Surrary, by BUDGETPrjected dsi,;rserens line Itemr, of Itsfor the next reporting period. 

r- Certification:
 

The un6ersig-eze herety certifies: (1) thlt the a'urnt inatcve re;reser.ts paragraph B.gte Le;t estfre-e of fLnds needed for thetc be In:urrtd cver disiurseerntsthe period dcscrlbed,
Credit to the grant will be 

(2) that appropriate refund or 
a:ccrWance rade in the event of disalloan:e inwith the teris of the grant, (3) that ap;-Lorlate refund or 

JUST AVAILABLE DOCUJIEWNT 
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credit to the grant will be made in the event funds are not eipendeA,and (4) that any interest accrued on the funds made svaO able herein
will be rcfunded to AID. 
 ,.
 

BY Juan Carrasco Conrteras

DATE May 3, 1991. 
 TITLE 
 Jefete Ofhclna'de Importaciones y
 

Donaclonks, Facultad dp Clenclas.
 

(END 0f STAkDA.RD PROYISION)
 

BEST AVAILABLE DOCUMENT
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Expression of Cell Wall Proteins in Seeds and KDQ 
During Early Seedling Growth of Araucaria
 
araucana is a Response to Wound Stress and
 
is Developmentally Regulated
 

LILIANA CARDEMIL' and ALEJANDRO RIOUELME 

De;a'.,a-,entoae Biologia,Facultao de Ciencias, Universidad de Chie, Casil~a 653, Santago, Chile 

Res.vee 22 Ma) M9,o 

ABSTRACT 
Aracari'. aracanaseeds and seedlings respond to wounding aftcr 4S h with a 3- to 4.fold increase of hydrox)'prol;nc-rich
gl.yc.proteins (HRGP) in the cell walls of the embryo and with a 15-fold increase in the cell walls of tle rnegagamttophyte Themega~ametoph.te walls accumulate six times niore hydroxyproline per pg of cell wall protein than the eibr.o in th:s sound response. Tissue immunoprints of different parts of seeds and seedlings obtained with pol',conal antibodies raised against HIRGIfro.m: carrot roots or soybean seed coats indicate that the resporise is due to an increase Ii a protein siln'lar tO the ones s'ezn iIIc.irrot roots or soybean seed co,.ts. Western blots of embr)o and inegaganietophyte cel wall proteins subjected to SDS-PAGE
shcA three bands that cross-react with these antibodies. In a natir cationic gel s stem foll',wed by Wester) blot ani:ysis, only

randsreact wi'. these antibodies. Expression of sucl, proteins in Alaucaria ara,cara seeds serms to0be de elopmentai!*
rcgul.'cd and tissue specific, since the. are present mainly ii the megarametoh IL;and the root cap of the cmbryo. 

a .rds: Ara.arij ra:,cana,seeds, seedlings, cell walls, h.d:,-\peocne-rich glycoprolcins. 

INTRODUCTION 
::.cs-Ae erou'cat is a South"American conifer restricted 1." add;lion, there are o'her cell s all proteins suZI; a' 

to, hih mnountain areas in southern Chile and Argentina. gI. oe-rict proteit, present in oat coleoptiles, the scee 
. ,c:,:efi 'a.,a-ottoconstitutes relict forests from tertiary Q:o. of soybea: pet'.nia cell walls. pumpkir, seed co-,',
t::.e, (Mcntaldo, 1974. We assume that there is a great and the ',rotoxyler of frenc ha- ', rt.. C-:
*d"-eeo," phvsilrriea! adcnation of Araucariaa'a:'.: and Varner (h:! A thre::r-riel, gi. o, .,
 
c 1-,c ;n these harsh isolated areas coered b. volcan,: bee found in corn suspension cl] cu!:ure. , h KIC!:.z.

ski.,and Lampr: (i " ad in cor bericab. -.I: is intcresting then to in.'stga:e, in species of natr,' S': : d Varner tI 9SS;
r..'s . raoaeu.,ia sp., genes whose expression potc. The present wori irs cs:it,.s sanilar pr, in 1.. 

tne .rganisms when subjected c environmental strebs, c'' wal: of a con;i,"e': I; provide:- the initia - 'rz 
S.. : Fro:e.tion is accomphshed th"roughris. the svntlt:.s of t;.-. of the pr,'e::s pre1tr, in .lr.es'ia org,,,.:oa cc',Se.:: , a.s fro;: ,embro anJd ro:;a.: nte:oply'to ti.s:;e's of see"ds 

Oeos of suh potec proTets is the h dro,;,,po'- . , 

:reel,:' glycoproteins (HRGPs) of the plant cell ',al., 
.a" l es:ensin. by Lamport. These were chara.-tr 

b Lamport (1965, 1969) at Michigan State Urji - , '.\TER IA S .. ND M ETH()DS 
sS:'- Cooer,StuartVanand Varneri.9s0) and Cassah, N .Herist, and Varrier "laf', as \ ,si 

-. ! an" Vane. 191:1, at W.! ' s J. were prT',!r" all,! pjr:tj.i: a t"seribedemit.,, S. Louis. The HRGPs seen: to he zi:. V 191, b\ S'ar:.'" Cass:,' f: a. 5.1from ,.olnd.'- sir...
 
of proteins, as hi; been reported by Smith, 
 ,I'.ul-. I' - ae.eJ. te:.:.. re h,,. ai et 

a-- Lampor: 4, and Varier and Lin f 19S r' i,,- nd .t,,., rC.', p,, 

BEST AVAILABLE DOCUMENT
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2 Cardemil and Riquelne-Cell Wall Proteins of Araucaria araucana 

C6h wall proteins were extracted from purified walls with type ofwounding is shown in Fig. IF. The second type was
 

c 2H6&6v I 52 NI CaCI5 and 0.1652 mM Na3S;Os solution, performed intentionally with a razor blade by removing small
 
,'klc pieces of the megagametophyte surface, making shallow dcprcs.
 

I2naytical methods sions in it, seeFig. 3B. The third type was intentionaliy per.
 

formed with a razor blade by cross-sectioning the seed half-wa.

TI.e hydroxyproline content was quantified Ly the method of 

at 121 *C 	 through and completing the cross-section immedialyl before
Dro:dz after hydrolysis of the walls with 6 N HCI 

the print, see Fig. 3D. The wounding of the megagametoph tes
for 12h under nitrogen (Drozdz, Kucharaz, dnd Szyja, 1976). 

was performed 24-48 h before thi impression of the seed cross-
Proteins were quantified by the method of Bradford (Bradford, 

sections on nitrocellulose mcmbranes.
1916). Arabinogalactan proteins were identified and quantified 
bya singlc radial diffusion test in agarose gels ccnsaining ~* To make the prints, the tissue was pressed for 20 s agairs: 

dry nitroclulose paper impregnated with a 9.1652 NI CaCl: C 
glu:osyl Yariv reagent (Van Hoist and Clarke, 1985). 

2.6.50.mbztNa2 SIO, solution. The wet area of the paper lef: 
bNthe sections was air-dried and the nitrocellulose mcmbrnc

Ge! e,'ecrrop oresis and Western blot analyses 
was incubated with the primary antibudy raised against IHRGI'
 

. SDS-PAGE of proteins was performed in 30% :8%, of soyb:an seed coats ised at a dilution of 1/1500. In only one
 
S¢acrvlamide:bis acrylamide to make a 7% polyacrylamide gel tissue immunoprint the membrane was incubated with a primary
 
'-'and run for 6 hat 25 mA in0.165025 M Tris0.165192 M glycine polyclonal antibody raised against a 12 amino acid syntntiec
 

t1I pH 68, following Laemnli's peptide; VEATNSVTED-IY, a sequence not present incarrot
'-buffer, containing-01 -SOS, 
" - method (Laemmli, 1970). Cationic-neutral gel electrophoresis root or soybean seed coat extensins but present internally in 

of native proteins was performed as reported by Thont.s and the derived amino acid sequence of carrot root in a eDNA 
3


-,/.,- Hodes (1981), using 40%:2%, Rcrylamide:bis acrylamide to clone which codes a 33 kD for prolinc-rich protein (p3)iChcn
 
Imake a 7% polyacrylamide gel and run overnight at 15 mA in and Varner, 1985). The genetic information for this proiem is
 

Z,,t__~., also expressed after wounding. The antibody against the syr., g.C4 M histidine, 044i6e*_lM MOPS buffer (3-[N-Morpholino] 
7 ,c,:"S 	 propanesu!phonic acid) pH 6'8as modified by Cassab and the:ic polypeptide was kindly provided by Mary L Ticrncy and 

Vwrner (1987). After gel electrophoresis half of the gel was it was used at a dilution of 1/75 (Tierney, Wiechert, and 
s:aincd for proteins with silver nitrate stain. The other half was Pluvners, 1988). 4 
s-bjected to Western blot analysis by transferring the proteins After incubation with the primary antibodY the tissue prints 
to nitrocellulose paper overnight at 130 mA using either the membranes were treated in the sarncmanner as the \Western 
SDS-Tris-glycine buffer or the histidine-MOPS buffer de- blots. 
perding on the type of eleeerophoresis. The nitrocellulose merr.
brane was incubated with a primary polyclonal antibody raised RESULTS
 
aga:nst either glycosylated or deglycosylated HRGPs from
 
carrot roots used at a diluti.:, of 11500 or 	 A 0otein )'d;.''X'pro'itCcon:i, Of ccl! itall's offrom soybean seed altd 
coats used at a dilution of 1/1500. These antibodies were kindly wounded and non-wounded tissues 
g5 e.nto is by Gladys Cassab and Joseph E. Varner from The amount of protein and the hydroxyproline conten: 
\\a. ngton University, Department of Biology, St. Louis, MO. 

were quantified in embryonic and megaganetopl: tS 
h nitrocellulose membranes were then incubated with a goat 

s.cor.'.ar
antibody at a dilution of 1/20 000, raised against the tissues of seeds imbibed for 48 h under wounded and 

-ab' IgG ard conjugated to alkaline phosphatase. The mere- non-wounded conditions. Table I shows that hydroxypro
was stained with nitroblue tetrazolium reagent to detect line content in both tissues, either expressed as ;,gof 

S" -i~n product of alk'alinc phosp-,atase using 5 bromc-4 hs'drcxypro!ine irs 100 ;g of cell wali protein or as g of 
incoyl phosphte as substrate (Cassab and \'arccr. h 

hydroxyproline Var gram of frresh s cighl gw, ra 
af; 48 h of wounding. The level of hydroxyprolin. i.s3 

rmanr'prs,:' to 4 times higher in cmtr'. onic ttssue and 15 ttn;cst!.i 

as descrited b\ Casab in the nzgagamctophy'c tissue uder wo:ndcd corn
aCs. nmunoprints Aee performed 

\'arner (1987) with sections of quiescent seeds, secioa_ C: tions compared with non-wounded c(':iiiotts. 
in.bibed for48, 7Z, 96, and 110 h, sections of wounded 

-and sec.inns of ro7 ti,- u s'"' t "from .......
 
T"1rec :.pca of sound!ng were performed on the seeds Th- gvrm .;atitg s'cacand gru','ing sc'dirngs 

sn5 made accidentalls whe. theseed coats 'Aere iove,4.: 
:0seed imbibition, i e a ler.gthwise cut with a razor blade The hydroxyproline cortent of the whole seed cell " "l 

:sa'slight!y cut the surface of the megagarne:ophyte Ti.:S also increases during germination and early seed!::e 

TABLE 1Isdrc.tr C (;It *al;'extraci una,:scnd.,u' and no,.-woundedrjn', CaC,': cc,,'; 
conditions 

r 
therr
The figure. are the average o fourexpe.-ernts i:n stnd:sd deviations. 

Condition 	 E1.'N i ' Megugr :.c pritc 

. Hl.yp'tOO' .4 c. P i4 lyp.5f11 . 4tilyp'P.' .4 Cl pP ,:Hvp.gv 

Non-woundcd 	 ' 20 -0 P ' 
Woundec 	 32-.- S 65-. 17 --2-3 25 o- 16 . 

{ST AVAILABLE DOCUMENT
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3Cardenmil and Riquehne-Cell Wall Proteins of Araucaria araucana 

quiescent 
seed to 110 h after the start of imbibition and decreases 
beyond this time (Table 2). The amount ofhydroxyproline 
is 20-fold higher at 110h of imbibition than in the 
quiescent seeds. 

,growth. Thc hydroxyproline increases from th," 

Tissue immunoprintsg...CDadFg2Aweete. 

The above results are corroborated by the tissue immu-
noprints shown in Fig. IA,B,C, D and Fig. 2A where the 

tissue sections show an increasing cross-reactivity with 
the antibody raised against the wall protein of soyben 
coats, from quiescent seeds to seeds imbibed for 110 h. 
Figure IE is a diagram of the seed of Araucaria aracana 
where the megagamctophytc, embryos and cotyledons are 
scen. 

The tissue immunoprints of Fig. Io and D also reveal 
that the root tip and the megagametophyte 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 hof imbibition. Figure Ic shows 
a higher cross-reactivity of the wounded area of the 
megagametophyte that was cut with a razor blade when 
the seed coats were removed prior to imbibition. A 
diagram of the wounding cut is shown on Fig. IF. 

Figure 21shows a magnified area of the megagameto-
phyte section after 110 hoftimbibition observed tn Fig. 2 

A. 

In this micrograph it is possible to see that the crass-
reactivit) is given mainly by walls surrounding the large 
hexagonal cells of the megagametophyte. 

In Fig. 3A small pieces of the megagametopltvte surface 

of seeds of 48 h of imbibition were removed 24 I prior 
to performing the cross-se-cioning and printing of the 
steed on nitrocellulose membrane. A diagram of the 
w,_.cundiag cut is shown on Fig. 31i.The irmiurane was 
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Fit. 1.Tissue imnimunoprints of cross-sections of seeds and longiud:m: 
sections of root tips ofseedlings of Arauearia arauCana. (A) C' )%I.
sections of quiescent seeds. Scale bar= 1.1650 cm. (n)Cross-sctions of 11( , " 


seeds and longitudinal sections of a root tip of a scedectsbryo, imbibed
 

for 43 h.Scale bar= .6SOcm. (c)Cross-sections of seeds inbikt" 'O (3) "
 
72 h in a.and imbibed for 96 hours in b. Arrows show a s.a., "oandud= 
area by making a cut with a razor blade. Scale bar LJkL crin. (t:i-k/c 
Longitudinal sections of root tipt of seedlings after 96 h of . 

Scale bar= 1.1650 cm (L)Diagram of a longitudinal of a secesection 

of Arauearia-araucana.M,megagametoph}te; E.embryo, C,coI"cJo :s 

seed showing the lc-ghts.r ( 2 / 
cutperformed acc,dentall on the tnegagametophtc with a razor bhJe 
when the seed coats were removed. Arros show the ,%oundcd aja%; 

Scale bar- cn (r) Diagram of th.-

of 
thetissue. Dashed lines show ir c.osssection performed to r;4e the 
print pointed with !he arrows in i-ig 
of Fig. I wa!sraised :,gainst so)bcan 

roes
 

Ic The ant;bod> used in ':pr:n1!s 
scedcoa! es'ensir, ,atr,.,J. for 

,n polyclonal antibodies raised ''-ins...'.ed with 
HRGP from soybean seed coats. In Fig. 3c seeds of 48 h 
of ir,ibiion were cu: with a razor blade half-way 

tb~e:after 24' h the cut wvas continued thiough sthe 
, .s..-:c,:,','Trhed 7n a nitrc-c!.e. 

.-.,mbrane. A diagram of the wounding cut is shosn tn" 
1-r' 3D. Next, the membrane was incubated with po,-

f CU l c t.t of 
:;" . seeJ during. ie c 
TAtiLE 2 Hyd(c7x:,1iti cc 110: .Cl cliii,Nl !; 

- i7!'i) i'on :i 

-.. a:.ra..the aeragt of four eXper:r.nts ith their four standard 

,. _ __,_ _ __,_ _. 

T!.L bec .sarC 
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tg 

aftL. itrbibition 
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FiG 2. Tissue .n..ccscnoprini of a niegagaentophste er,'s-s::er 2S0 
10 h of inbib i 11.nio tic ac , s:kClTi:' ., :S (A) at z 

a rigfe (er . 

car.be obse .-, as the cel! structure giving 
(A) sh t the ee"O"a. beer; ir. (i, Lt,i 

tl.e stroc.Ogc.crcss-;a::..
with the ex:enin antt, d)from soyber. seed coats -it b..r ir.Xs 
1.!650 cm, in (b) 300 in; 
.
 

clonal antibodies raised aptinst the svn'hetic p .,, 
derived fror. the p33 cDNA coding seqi ,intcas rcpo:tcd 
by Chen and Varner (195) and b\ Tierne. ctal. ; 
Inboth Fig 3.,, are con:rol sctlo;:.and 3c there two 
one of then was cotopletel% sec;oned fir E h : d is 
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FIG 3 Tissue immunoprints of partially wounded seeds or 48 h of 

imbibition. (A) Areas or cross-sectionsof seeds which were wounded 
2.h before the printing, by removing small pie=s or the 3urrace or the 
megagametoph)'te. The wounded areas show a stronger cross reactivity 

,'iththe soybean seed coat extersin antibody (arrows). Scale bar= 
I b.cnm (B)Diagramn showing the of wounding cut performedrn ty'pc 


M (A,)Arrows point the wounded area or the megagametophyte. The 
dashed lirnes correspond to a cross-wcton of the &d to tnakea print, 
(c) Areas or cross-srctions of seeds which wmre wounded 24 h before 
the printingcutting the seeds nitrocelluloseb)' half-way through. The 
paper wis incubated with antibodies raised against the 121amino acid 
syntlheticpoly'peptide derived from the coding sequence of p33. The 

unded-as,;areas show a stronger cross -reactivity with the antibody-
/Cr". (arrors). Scale bar-,1,LkOemi. (D) Diagram showing the type or 

",oundmng cut performed in (c). Arrows point the wounded areas or 
the mcgtagameitophyte The dashed lines correspond to a cross section 
Vf the seed4 to make a print. a, non-wounded b,performed section. 
-,-r- :. ,aedscto 

-n~'keadassecionhte oherwasonl cu coplee~y 
Iarked zht make as co(Iee.sectio andhe d .nlscuti 

.1,s" :-:rcadhepri:.ig assecion..i mrke 


SDS-;T)arY,'.2nii& gel electrophorcsis and Western blot 

,,,:,;L:Q the cell wall proteins 
• " 


'A, shows a silver stained SDS-P.AGE gel of .he 
pr~~sextracted from the cell walls of embryo arid 
magganetpk.tetissues. Figure4tt is a Western blot, 
pe,..dwith the same samples. The gel shows that 

mu~peproteins can be extracted from the cell walls of 
these, tissues with a solution of CaCI: and Nago.. 
Hov v,,_, or.!\ three protein bands cross-react with the 
artibt-ydiesraised against HRGP of carrot cell walls 
Fig.4,)The bands also cross-react with the antibodies
:e., a4 HRGP of soybean seed coats The 


hlecular are 


angd 1kpD. srauona 

ated m weights eof theoa proteins 187, 134, 

jcbmnarcarp 26-11-90 i3:50;23 

araucana 

1 MW 

kD 

I.... mw 

" -116.0 

.84.0
 

48.5 

.:.
 

FiG. 4. SDS-polyacrylamidc gel clectrophoresis or cell wall proteins 
from embryo and nrcgagameitophyte tissues.(A) Gel stained %~ith silver 
nitrate. (B)Western blot of the same electrophoresis using anti HROP 
raised against glycosylated extensin from carrot root tissue. Arrows 
shov, the corresponding bands Of (A)and (d). Molecular Acight markets 
(MS) are shown at the margin Of(A) and (t) In (b) the molecular . 
weight markers are shown with the molecular w.,eight value.s cxprcsscd• 
in kD. Lane I Of(A,)and (u) arc proteins ficin tegagametophzt¢ 
extracted withSONajS.O2 nnd CaCl, Lane at- fron'ICU 2 of (A,) protcius 
the embryo extracted wit' Na3S20 and CeCl. 

. 
s 

Calioni'c neutralgel elcctrophoresi.and 11"e.uter"14lot 
anialysisof tihecell is aL7proteins 

Due to the basic nature of the H-RGP, these proteins 
run towards the cathode (-) in poI)acry*lamide gels at a 
near neutral pli of 6.8. To see if these cell wall proteins 
of Araucaria arauacana which cross-react with HRGP 
antibodies are basic proteins when run in SDS-PAGE 

Western analysis, we performed a cationic neutral gel 

lectrophoresis of the Inative cell wall pro eirs, followed 

by WVestern blot anialysis under cationic conditions. 
In native-, cationic ge! elec-trophoresis systems only 1two 

proteins penetratle tht eel (Fig. 5A).. Will.13011h Cross-rcit 
the antibodies raised agaiinst :hie oreither gl~cosylated 
deglycosN lated H RGIP from carrot. Figure 511shows the 
cr..Ss-rea'ctivitNArauraria afarcanz.: cell wall protc.insolf 
with the .,nti'bcd'-, raised against g!.cosylated carrot 
HRGP. These bangs also cross-react with t'he antibodies 
raised against HRGP of soybean seed coats. 

:inst 0stim-


Froofour studies it is clear that the cel walls o different
 

tissues ofwd araucana seeds arid sedlicscortaiin
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Cordemnil and Riqueline-Cell Wall Proteins of Araucaria araucana 5 
S•. . .Cramer, Bailey, Varner, and Lamb, 1985) the amount of 
4() 1 2 3... _ these proteins increases greatly after wounding. The mega

gametophyte tissue shows 6 times higher cell wall protein 
' _.-i"levels in response to the injury than the embryo. This 

was an unexpected physiological response for this tissue
since the rtegagametophyte is haploid while the emibry'o 

is diploid (Cardemil and Jordan, 1982). Indeed, previous 
work performed by Cardemil and Rcincro (1982) and 
Cardemil and Varner (1984) demonstrated that the level 
of starch hydrolytic enzymes is much lower in the megaf 

"metophyte as compared with the embryo. It might sgL-.
Vbe that the megagamelophyte 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 cotyledons 
during the development of the seedling (Cardemil and 

* 	 Reinero, 1982). 
The tissue immunoprints also show that thL cells which 

have been damaged respond to stress by increasing the 
Fir. 5. Cationic neutral gel clectropi.nresis of cell walls of Aroucaria levels of these HRGPs. 1, is apparent that two different 
aroucana extracted with NaSIO s and ,.aCl 2 48 h after wounding. (A) classes of cell wall proteins are expressed in wounded.3,..j. Cationic neutral gel stainrd with silver nitrate stain. Lane I: 2. tissue of A. araucana, since the wounded tissue prints
of glycosylated HRGP from carrot root. Lane 2: 20 pg or Araucaria 
cell wall proteins. Lane 3: l..l. g of deglycosylated HRGP from strongly cross-react in those wounded areas with polv
carrot root. Lane 4: 1JJ pg ofglycosylated HRGP from carrot root. clonal antibodies raised against extensin of soybean seed
(a)Western blot of cationic neutral gelelectrophoresis incubated with


3 " potyclonal antibodies raised against glycosylated HRGP of carrot root.

Lane 1:20psg ofAraucariactll wa proteins. Lane2: t pgorglycoslatcd tide contained in p33 genetic information. 
HRGP from carrot root. Arrows show the corresponding bands or (A) It is evident that these proteins are part of i'te cell wall
and (B). since they are present in the saline extraction of purified 

proteins that can be extracted by buffers of high ionic walls and because high magnificttion of tissue irnun= 
st.rngth. The proteins extractcd from the cell walls of rints reveals that the cell wall is the cellular compartment 
A. araucanain both tissues make up about 2"5% of the showing a higher cross-reactivity with the antibodies.etrat on The HRGPs of A. araucana walls are tissue-specific,total dry weight of the walls However, after extraction because there is more accuulation of these proteins i
 
there are still proteins left in the cell walls as demonstrated b
 
by the hydroxyproline released on hydrolysis of the the root tip and in ti mce;gantctophyre tissi r
 
residual walls after protein extraction. These are probably. rounding the root tip.
 
proteins insolubilized in the cell walls (data not shown). Quantification of the. cel; wall proteins of th' "
 

The presence of hydroxyproline as acomponent of the seed as well as the tissue prints, demonstrated thait the 
proteins of the cell wall suggests that these proteins could cell wall proteins which contain lydroxyprolinc ar. de, e.
be similar to those which have been called HRGPs or opmentallv expressed during germination and e;.1.-. 
extensins. Extensins as wcii as the arabin gaiactan pra- ling growth of A. araucc,'taseeds. That the extensins arc 
teins are localized in the extracellular matrix of higher developmentally regulated ,nd tissue specific has bee':. 
plants (Lamport, 965; Varner and Lin, .. 7). nlreadvdemonstrated during development ofangisprms 

The proteins extracted from the cell walls of Araucaria by Cassab ei al. (19S5) and Hood eta,. (I9SS; Ou: 
araucanaare not arabinogalactans because arabinogalac- results shw for the first time for the gymnos';ernn '::. 
tart proteins are washed out from the extracellular matrix A.araucana, that the cell wall proteins are also deve p
during the purification of the walls, and because the mentally expressed during germination and early seedling 
extracted proteins of the walls of Araucaria arauca, growth. 
tissues give a negative reaction with the ,-glucosyl Yariv SDS-polyacrylamide gel electrophoresis of the p:oceins 
reagent (data not shown). Furthermore, the proteins show extracted from the cell walls detect many band! of r.c
cross-reactivity with antibodies prepared against glycosyl- teins. However, only three of them are good candidates 
ated or deglycosylated tHRGPs from cell walls of carrot to be considered as possible extensins because these three 
roots. protein bands cross-react with the antibodies raiseJ 

As in the case of other HRGPs reported (Stuart and against carrot root extensins. 
Varner, 1980; Chen and Varner, 1985; Showalter, Bell, The broad pattern of migrati' int 7% pc,_ c . 
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6 Cardetnil and Riq line-Cell Wall Proteins of Araucaria 

gels containing 01% SDS suggests that these proteins 

could by glycoproteins. arcr n-
The estimated molecular weights of these proteins are 

high. With this method, however, the molecular weights 
of glycoproteins are overestimated because of their larger 
hydrodynamic radii (Van Hoist and Varner, 1984; Cassab 
et 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 V'arner, 1987:hftzl~..es, 1981). Two of the three proteins 
of Araucaria arheana 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 aroucana seeds may be related to 
conservation and propagation of this endangered species 
in its harsh natural environment. Seeds and seedlings of 

Araoucaria araucana are difficult to propagate and grow 
under en';ironmental conditions other than those of the 
restricted geographic area of Chile where Aroucaria forests 
still exist, because the climate, soil, and biological factors 
including fire, animals (though mainly birds which eat 

the secd and propagate it) and humans mal'e the natural 
regeneration and propagation of the seed difficult. How 
these proteins may function in protection and d-fence is 
unknown but the) may cross-link to form a chemical/ 

me~hanical barrier and/or provide sites of lignin and 

cairr'iydrate deposition during the assembly of new cell 
,kals or during wal! repair (Whit-nore, 1978; Varner and 

Lin. L .-. I J' 
Purific:ation of these proteins for amino acid analysis 

and sequencing is underwy. 
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The purpose of this wsork was to investigate how seeds and seedlings of 
Araucaria araucana respond to high temperatures Embryo axis. cotyledons 
and megagametophyte tissues of A. araucana seeds were subjected to temper
atures of 28. 32. 76. 40. 44 and 48C forseveral hours and theviabih:% of 
the tissues after exposure was deterrnned with the colorimetric lest of the 
triphenletrazolhurn chloride or by measuring theelectrolyte leakage The 
most sensitive tissues are the cot.ledons which dieafter 3 h of treatment at 
44 and 48C. The most resistant is the megagamertophyte which loses ,o 
viabilit onl after 7 b at44'C Embryo axis of seedlings ore sensitive to / 
high temperature treatments. The%lose viabilit%after 30 mm of 'reatmeat at 
44'C. Sodium dodecylsulfate-polyacrylarnide gel electrophoress of proteins 
synthesized by root tips of seedlings at 32, 36. 40 and 44'C in the presence 
of ["Srmethionine and followed b%fluorograph% shows that the optimum 
synthesi, and accumulation of the heat shock pro'erns occurs at36"C Eigh: 
proteins aresynthesized under heat shoc, amonf %hjch is a proteir. 70 kDa 
Kineic experiments demonstrated that the new proteins arc present 30 mm 
af~e:the embrNo axes have beer, expose" 'o,36"C Thirt. sixdegtreeisalsc, 
the op:irrurn 'emp:rature foraccuMtstton (fthc7rnotolerancc by .4 J'au. Lata 

seedling. 
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Additiona; Lai ord. - Megagametophte. heat s.ock, le'haltem.eratur-. 
thermotolerance. sublethal temperature 
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Rkumi.. Lt but di ira:oilesi de re:herchcr comrment ic.graine, eile!pianrkes dAraucro araucana rP.sgi.enf aul 
tempcraturs ilcze- Ls tis.rus des axc emhrvonnuirei. des cot.I'ldonct de: ntcagarretopovtes di gratnc3 
dA aracana on: ecr3oii:.ia des icniperarure.%de 2b.32. 36. 40. 44 et48( pendant pi.eurs heures ci Ia rIn iabii 
dt.s rizsus ape: Ic r'aacnrtnt a el: diierniini par Ie test au chlorurc di rriphnltitraohuntou par lamesure des 
.lui e d'le,'trolit.,Lea toiu le.Iplu. senstbhe., ontles cot)ldon.s, qui nieureit apr s 3 :dt traitenment 6 44 c 48'C. 
L4
r

plu5 rsistant esit If n'gatiz.srtophytc. dunt la vialuhti doparaitapr'. 7 h a 44"C L'axe ernrr onna:ri cstIt plus 
.R'n.-ii at, i trat,,'tr put d'3 rtmpraturc. PIezcc.- diperd sa vo,,lec a rrc. on troutnient de 30 rnn t 4'(" 
L 'cil: t',phrLu sM' r' d, p:,,iacr!hv,.dc p.1,' su/'dtt di sodium dc pr'tini. sinthr'i/Ct'nS put /c% e ientrtles d-3 
raot'i, d,piaru!cs a 3. 3(640 et44'C en p'srnci dc mlthioniic[

5 SJ .] t c;Chc. putaflurog;aphir. monrre qur la 
s3i th 'ptont;.' 0:V10',: t11: de1pr iteietc fitch- i;hrii ms intoduit o 36C Hit: proti zc .I sntc tinc. 
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136 durant ke stress thermique. parmi lesquelles se troux' une protire de 70 *Da. Des experiences de cinitique indiquent

107 .'. que les nouvelles protmes sont prisente-t 30 min apris 1'exposition des axes embr)onnaires a 36"C. La temperature
 
138 de 36"C est aussi la ternmlrature optmalr pour acquisition de I thermotolirance par les plantules d'A. araucana. Mats
 
139 Otis additionnels : migagamitophytc. choc thermique, temperature Itakl, thermotokrance, temperature sublktale.
 
140 Abbretiations. SDS-PAGE, sodium dodecysulfate-polvacr-lamide Fel electrophoresis: hsp. heat shock proteins. TM, 

141 treatment medium. TTC. triphenvrltetrazolium chlonide. TCA. tnchloroacetic acid 
14.2 

143 
141 INTRODUCTION The weather, climate and soil of volcanic origin 188 

of .4. araucana forests, as well as biological factors 189 
such as animals and humans make difficult the 190146 Plants are subjected to harsh environmental con- natural regeneration of this conifer Seeds are shed 191

147 ditions such as. frost, water stress, mineral toxicity and germineat the end of summ r and seedlings 192 
" 148 nutrient starvation, extreme temperatures and grow on the volcanic soil which raches temperat- 193 

149 wounding caused b,, predators, insects and patho- ures of 50'C and higner at noon an hot summer 191 
150 gens. However, plants are adapted to adverse con- dayos. 5 195 
151 ditions through structural, physiological and bio- The purpose of this A ork %%asto investigate how 196 
152 chemical adjustments. seeds and seedlings of A. araucana respond to high 197 
153 As an example of thesi adjustments, plants temperatures and to stud, thc pattern of heat 198 
154 responds to exposure to high temperatures by shock proteins synthesized under thermal stress, 199 
155 changing the pattern of protein synthesis, most since the genus Araucaria has been reported to '200 
156 often with a decrease of the proteins normally have a tropical origin (Montaldo. 1974). 201 
157 synthesized and appearance of new proteins (Schle
158 singer et al., 1982; Cooper and Ho, 1983; Mey.et 

59 and Chartier, 1983). These new proteins synthe
160 sized under high temperatures are denominated MATERIALS AND METHODS 203 
]t1l heat shock proteins (Kimpel and Ke., 1985). The 
162 plant heat shock proteins (hsp) reported so far St-ds material and germination conditions. .4,acariu 204 
13 hae been classified as hsp of high molecular mass. araucana (Mol.) Koch seeds %%errcoliecied in the forest 205 
It.: between 90 and 120 kDa, hsp of medium molecu- reser"e of Malslcahuello (latitude 37.5' S, Chile) 206 
10, lar mass, between 40-89 kDa and hsp of loss mol- betiveen the months of March and April of 1986. 1987 207 
l66 ecular mass bets een 15-39 kDa (Cooper and Ho. and 1988 The seeds werc stored in plastic bags at 4"C 208 
I*t7 1983; Cooper er al.. 1984). These low relative mol- ir.ii! used. For the experiments seeds without testa were 209 
ItS ecular mass proteins seem to be peculiar to the steril:zed in a 101, sodium h.pochlorite solution for 210 
ls-) plant kingdom (Ke, er al.. 1981). 5 mm and then vashed thorouchl in distilled ',ater. 211 
I 0 The physiological role of the hsp is still under After steriliza;ion n seeds w,,,.eregerminated in wet vet- 212 
1_1 discussion and not understood, bu; the\ seem to micultte The perminatior. iempra2ure was 28C. Deter- 213 
1"2 protect the organism since there is a high correla- minailon of xiabil:i of tisue of Quiescent seed sub- 214 
1"3 tion betweer, the appearance of the proteins a~Ai icted to, different temperatures Sterilized seeds withou 215 
- the acquisition of thermotolerance (Yarna-nori e: 'te,ta '.ere di\ided in g-oup of 50 seeds each. and each 216 

al.. 1978: Ashburner and Bonner, 1979. Barneti el ced vs divided i.i'tc, halses Each group of 100 alf- 217 
1- al.. 1980. Lin c! a!..: Schlesinger. 19851 seeds wa subjected to dfleren temperatures going fron 218 
I~ Araucari, araucna is a conifer species. endemic 2F'C icontrol experiment) to 32. 3t. 40. 44 and 48'C 219 
I", to austral South America. A. araucana grows in and with tirmes of exposure of . 2. 3. 5. 7 and 9 h At 220 
I1 high mountain forests be:ween latitudes of 37 30' the end of treatment the half-seeds were dissected into [['
ISO and 40' 3' S. from 900 to I 700 m altitude, in the embryo. megagemetophyte and cotyledons and viability 222 
I1l oriental and occidental slopes of the Andes and vas determined b\ measiirin" the tissue area that chan- 223 
1,2 in the Nahuelbuta Cordillera of the chilean cost ged from colorless 1c,red after staining for 2 h in dark- 224 
18,3 between latitudes of 37' 2' and 38' 4' S. nest with (5", of triphenv' ictrazolium chloride (7C). 225 
1&4 It has been suggested that A. araucana has a Alternatisel.. the viabiltii was determined after the tem- 226 
185 high degree of physiological adaptation . grow in pcrature treatment by measurine the conductance of 227 
1,6 these areas, constituting relic forests originated in electrolytes leaked from the tissue into deionized %\ater 228 
17 the tertiary times (Montaldo, 1974). (leachatc) The conducance of :aleachate of dead seeds. 229 
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&,0 killed in boiling water for 30 min, was considered 100%. 
231 The per cent of leaching was expressed as conductance 
232 of ;eachates after heating x 100/final conductance after 
233 killing. The mean leaching was plotted against the tem-
2.34 perature tested, from where the LTso (temperature at 
235 whic"h the conductance became 50% of the conductance
236 after killing) was calcuhtedS aExtraction 

237 Determination of growth of the embryo axis of seedlings 
238 subjected to different temperatures. Seedlings of 120 h of 
239 imbibition without megagametophyte were presoaked 
240 for 3 h at 28'C in sterilized vermiculite watered with a 
241 solution containing the Murashige-Skoog saline com-
242 ponents (Murashige and Skoog, 1962) and supplemented 
243 with 15% sucrose and 50 pg ml-' of chloramphenicol 
244 (treatment medium TM) After this pretreatment the 
245 length of embryo axes were measured in millimeters and 
246 then soaked in the same medium for I. 2 and 3 h at 28. 
247 32. 36, 40 and 44"C. Dunng the treatment, the medium 
248 was aerated constantlh with an aquarium pump The 
249 damage caused bN the high temperature treatment wa 
250 measured b%the gro',th recoser) of the embryo axe! at 
251 28'C in 48 h Induction of thermotolerance in embryo 
252 axes b) exposure to sublethal temperatures. Five groups 
253 of 15 embryo axes each. coming from seedlings of 120 h 
254 of iinhbbtion were pretreated for 3 h at 28'C b%soaking 
255 them in ',et vermiculite %atered with the saline TM 
256 described abose After the pretreatment the lengths of 
257 the embryo axe., %heremeasured and changed to flasks 
258 containing a fresh liquid medium One group wxas main-
2.59 tamed to 29'C as the control. Another 2nd, 3rd. 4th2drie anpe grup511). subjeced tot 32,i36, 40an14'
20 and 5thgroup. 3ere subjected to 28.32, 3ie,40e andte C 
2tI respectvel% for 30 and 120 mm in separate experiments 
262 Each group was then subjected to 44"C (lethal temperat-
203 ure) for 2 h After treatment at 44'C. the embryo axes 
2 b 4 were changed to solid medium and kept at 2F'C for 48 h
265 Aftem this time the reco'er) of growth wis determined b 

the length of the axes26b measuring tb 
2t" Incorporation of j S]mnethionine. Seedlings of 12(1 h of 

2t', imbibitior with radicle: Ibe:reen 15-2 0 cm long "ere 
2t Q dissected to separate :he embr'o axes from the meaga.-
2NtI mci.,phxste The embrst axe s,,ere further cut into piece., 

271 of I cm Fise groups containtrs: pie..es of 15 emb.,o 
272 axes eacti 'ere incubated for three hours in licuid TM
273 under con'inuous aeratron Afrer this time sht" group I. 

274 2, 3, 4 and 5 were subjected to 28. 32. 30, 40 and ,'C 

275 respectivel\ for 2 h in aerated liquid TM ["S)-nethion-

276 inc with a specific radioacitt) of 3 42 MBa metol"-


277 (from. ICN Radiochemtc.i' \has added t, thc media, to 
7 cbtain a concentraitor of radiactivtx of

2.79 1.48 MBq ml''. The ["SSlmethiuinne was added to the 

28u final 3( mm of 2 h of temperature treatment in order 
281 to determine the proteins synthesized under heat shock, 
252 or added at the beginning of the 2 h of temperature 

283 exposure in order to determine the accumulation of 

Heat socLk proteim in Araucaria aiaurajia 3 

proteins synthesized during this time. For kinetics 284
 
experiments the ["S)methionine of the same specific 285
 
radioactivity mentioned above was added to the medium 286
 
containing the pieces of embryo axes. The ["Smethion- 287
 
ine was added for .0 min at the end of the period of 288
 
exposure at 36"C (30 m. I, 2. 3.4 or 5 h) 289
 

of proteins labelled with [1'Imethioiane. The 290
 
extraction of proteins was performed h. the method 291
 
described b%Cooper and Ho (1983; using the buffer of 292
 
Laemmh (1970) made up of 0 06 M Tns-HI (pH 6.8) 293
 
and containing 2% of sodium dodecylsulfaic (SDS). 10% 294
 
glycerol and 5% mercaptoethanol The pieces of tissue 295
 
were homogenized with a glass homogenizer and main- 296
 
tamed for 2 mm in water bath at 100'C. the homogenate 29"7
 
', as then centrifuged in an Eppendorf microfuge for 298
 
3 min. The incorporation of ["Smethionine %hasdeter- 299
 
mined in the proteins of the supernatant. For this, the 300
 
proteins of the extract were precipitated sith trichlo- 301
 
roacetic acid (rCA) as it has been desribed bN Mans 302
 
and Noeli (1960). taking ahquots of 10 p and paced 303
 
on a disk of filter paper Whaimman 3MM 1.4 cm in 304
 
diameter The paper was dried for 20 s Each paper disk 305
 
was soakecd -. 60 min in 10% TCA containing 0 1 M 306
 
cold methionine The disks ',cre 'sashed with 10% TCA 307
 
at room temperature for 15 min followed b%a second 30.
 
'sash %ith 5% TCA at 90'C for 30 min After the TCA 309
 

ashes the disks Acre passed tircugh an cth.nol ether- 310
 
solution (I1. v %)for 30 min at 37'C. washed in pure 311
 
ether for 1 min and dried at rtom tenmpraturc The 312
 
dried paper disks uere placed into scntillation fluid of 31
erer s2lao 
toluene and Triton X-100 in a rztmo of 2 I containing 314
 
4 g I- ' of 2.5-diphenylo,.azole. (PPO) and 50 mg I -' of 315
 
1.4-bis5-phenyl--oXazol)l-.riiiene. 2.2'-p-phenylene 316
 

measured ir. Ph:lip: liquid .:irtillatton counter Quan- 318
 
tirication of proteins of the itss e extracts soas performec 3I
 

Bradford's method (Bradfod. 1976) after precip;za- 32(0

tmor of thu protein:- 'silt 1I' 'ol :nes cf cold acetone 321
 

and re;ui.ip-.sin in 0.(11 NI "fris A radwoict;%.rtx of 32
 
50 Bq L-g pro'cin 'sitr c',nsidr-ec4 a, a good incrpor- 32
 
anaon 324
 

Protein electrophoresis. The piteis lab-rlled with 325

[SSimehomnu were separatec b. eleerrophorests in 326
 

SDS-pol.acrslamide gels. b%the method described b\ 327
 
Loemmlh (19*01 The runnirnc ge \.as 10'. polsacnla. 32,

mide- containing tm1", SDS. t p}! 8 8; The stacking gel 329
 

as 3 56, pol : ir idc co.In:aining 0 IV'. SDS 330
 
(pl t. ,Ea.h channel of in- gl 'iaasloaded %ith 80 jig 331

of pioteins with a. total radioacuciit.' 50 332
of 7.(.51A Bq 

The electrophioresis was run for "7 h at 180 V, using 333
 
the Laemnh's buffer (1970) The proteins bands ",ere 334
 
sisuameed o~nthe gel wt" 1125%° Coom:sme R25(i in -' 335
 

methanol and 10'r. acetic acid The gel 'sas destained 336
 

I xi r.E 1i
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337 with 10% acetic acid and 50% methanol for 4 h at room 
338 temperature. 

-339 Fluorogapb). Inorder todetect the synthesized proteins 
M 0 during the thermal stress, the protein bands were visuai-
341 ized by the radioactimty of the ["S]methionine incorpor" 
342 ated in the proteins For this. after electrophoresis. the 
343 gelwas twice washed with 10% acetic and 40% ethanol 
344 for 30 min each wash. Afterwards, the gel was submer-
345 ged in solution of 0.4% PPO, 20,. ethanol. 30, xylol 
346 and 50% acetic acid for 3 h The PPO was precipitated 
.U47 into the gelwith distilled water for 2.5 h.After precip.ta-
348 tion of the PPO, the gelwas dned under vacuum in 
349 between two sheets of Saran Wrap. The dried gel was 
350 exposed to a Kodak X Omai film at-80C for four 
351 days. 

353 RESULTS 

354 Determination of viability of seeds and seedlings 

355 The three tissues of quiescent seeds of Araucaria 
356 araicana, embryo axes. cotyledons and megagame-
357 tophytes were subjected to temperatures of 28'C 
358 (control experiment) and higher, 32. 36. 40. 44 and 
359 48'C for different periods of time, between 1-8 h. 
360 These three tissues are affected differently in their 
361 viabilit% b\ exposure to high tempera:ures. 
362 Figure 1 shows that the embryo axes significantly 
363 lose their viabihi compared with the c.,ntrol 

experiment, after 5 h of treatment to 44-48"C 364 
(p<0.005, probabilit) given by Student's test). The 365 
cotyledons are more sensitive to thermal stress, 366 
losing 20% viability after exposure at 48"C for the 367 
period of 3 h. The megagametophyte tissue is the 36 
most resistant. Its viabilitv is onlh affected 17% 369 
(compared with the control samples) after 7 h of 370 
treatment at 44'C. and 30, after exposure at 48C 371 
for the same period of time 372 

Seedlings 120 h after irrbibition. with a root 373 
length between 1.5.0 cm, were subjected to tern- 374 
peratures of 28, 32. 36. 40 and 44'C for periods 375 
of 30 and 60 min After the lem 4,raturC 376exposures, 
the seedlings were returned for 48 to 28"C and the 377 
length of the roots was measured again. Figure 2A 378 
shows the growth of seedling embr)o axes expres- 379 

sed as percent of growth of the control samples. 380 
An exposure of 30 min at 44'C reduces the growth 381 
of the embryo axes to 16%. However, the enbryo 382 
axes shos 80% of control growth Ahen exposed 383 
for 30 min at 32. 36 and 4pC. 364 

A thermal treatment fot 60 min at 36'C decreaes 385 
the seedling growth to 58% of the control and 386 
to 48% when the temperature is 40'C. Seedlings 387 
subjected for 60 min to 44C do not recover 38F 
growth (fig. 2 B) 389 

These experiments to stud) thermal resistance 390 
allowed us to determine the lethal and sublethal 391 
temperatures for quiescent seeds and seedlings of 392 
A. arawcana The lethal temperature is therefore 393 
44'C and the sublethal temperatures are 32. 36 394 
and 40'C. 395 

cotyledons 3h embryo axes 5h megagametophyte 7h
 

o

0[
 

36 40 

1020 
10211
 
1022 Figurt I. o.,h::ht tit d; 
1023 of time 0 1,fo: co:s;edons 

44 4B 36 40 44 48 3C 40 44 48 

Temperature ("c)
 

ren','rtiei 0 qudc3cen: eed3o.(Araucrik araucana The ri. Ls areshor,at the mln:rn m pernod 
5h to- embro axesand 7h for meiag metophlc) 

1024 viabhbtib-sexposure to hiphtemperature- The control experimen: uas performed 
1025 expcrtments verr performed at 32 3t. 40 and 4,*' and artshowr. Pi dotted 
1026 de:erm int,,:n f eectrolte lekayteThe simtdad dewaior, is. fo.'ver. each bar 
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P | Heat shock pinesei 5In Araucaria araueana 

protein synthesis during heat shock. The accumula- 407 
A tion of proteins was studied by incubation of the 408

tOO tissue in the presence [PS]mcthionine during 2 h 409 
of exposure at the appropiated temperature (28. 410Ti32. 36, 40 and 4C. The synthesis of proteins 411 
was studied by incubation of the tissue in the 412 
presence of ["S]mehionine during the last 30 min 413 

60Iof the 2 h of exposure at the appropiate temperat- 414 
ures. Figure 3 is a fluorography of a SDS-PAGE 415 

.o0 20 -

E 116.0- : - -

B o84.0

, . . . .. _o . . 
60 F]

48.5_-' 

20 36.5_ 

28 32 36 40 44 2U_" 
1028 Temperature ("C)
1029 
1030 Figure 2. Grow threcover) of embryo aaej of Araucana arau- OIL

After after
1031 cana 30 min of therma; exposure in A or 60 min 1004 

1032 of thermal exposure in B The recover% isgiven Figure 3. Fluorogjram accumulated ir. 1041asperCent of ortt- Protemir cmb'.ho axey 
1033 gro',t of the control embryo axes maintained at 28'C The undip hert .re.usProittm accumulaion cwrrespond to2 h of 042 
1014 stress temperatures %ere 32. 36.40 and 4"C.After the thermal incubatior at differ= tempraiures it the presence I04" 
1035 treatment the wee at 4F MBq ml- ; ofl S]j=:hrocrnrr as precursorprc,tr:naxes placed 2F*C for 4S I and the lerngth used o 0 -4 
* of the cmbr'c axes ,ercmessured 711: standard deviatior ts, rnihtsis Each expera.ewat rroup "as of w. emhrc ares IN 

.7

103 F'ier. ft," After incubatiothe frxce,! merr fr:'rr tssu! i(Weacy bar extracted the 

and anilrzeld b SDS-P-xGr ftl.cd b. fluotorej:aph' of th- I(" 
e: Tie .omplh.cI. arru ;!!-'111,6' (ts'r,1'1 plr n-u h 1-(4 

present in th-"contro' et, kcs i5n:jbated at 2FC Thc I(
39 ' axes arrow, ir.- "lr n 103,Protein pattern of embryo after 2 h of heat hrans pont it, bn: hic r radrt.u.i": 
397 shock mienssir upor. 1herma: axesure 1051 

398 The protein pattern present in embryo axes of of the proteins accumulated in ' h of heat shocK. 416 
399 A. araucaria at 28'C and under treatment of 2 h The proteins were analyzed and compared with 417 
400 of heat shock, was studied incubating the tissue in those presen: in cmbr,-, axes grown at 28"C Seven 41 
401 the presence of I3 Slmethiontne as precursor of nyA hands of protii appear in the embryo axe. 419 
402 protein synthesis, folloed of SDS-PAGE of the under heat stress. Ahi,:h are not detec'ablc in the 420 
403 extracted proteins and fluorography of the radio- control samples. The sex ei nes, bands of proteins 421 
404 active gel. have relative molecular masses of 126. 106, 89, 77. 422 
405 Two kinds of experiments were performed to 44, 24 and 19 kDa These nc%% proteins present 423 
406 discriminate between protein accumulation and under heat shock hase been denominated heat 424 
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"'425 shock proteins (hsp) (Kimpel and Key, 1985). The 
426 seven bands of proteins appear at 32*C and incre-

S,127 ase in intensity at 36C. However, two of these 
'r-428 proteins those of 126 and 24 kDa. are not present 
A 429 at 40'C. There are also some other proteins present 
. 430 at 28C which increase considerably in intensity 

431 temperatures of 32, 36 and 40'C. Figure 3 also 
432 shows that most the accumulated proteins decline 
43 at 44'C. 

r 

, u o u U 
ik 

J~~~s~w 	 ~ 
,.. -, '" 

I ~ 
116.0-	 -


S106 

.101 


84.0-


.'33 


266-

1055 Figure 4. )laorogram of the proteinj synhesiaed in embrvi aie. 
1056 wide, T&'sr,t!trs'c of p to thehbr,esi "-hr eoinscorrespond
105' last 30 mir of 2 h of niubationr aldifncren, tempcratures it. 
105S thepresence of !4 Mbq rr ' of ["iSirnethiornt u ed as t 
10Q50 prrcurso: of proteir tsnhrs:s Lad exurmcnta' group a, 
1060 of is er,brso axes After incub:,tar tir pterr w're ex:r.r,. 
Oot fromstthe tissue and a kba!,reSDS-P^GE foliowed c%, 

band has a molecular mass of 17 kDa. Further- 443 
more, there are about 9 other proteins present at 444 
28C whose synthesis increases considerably at 32 445 
and 36*C. The hsp 126. 106 and 17 kDa are no 446 
longer synthe;ized at 44"C. Indeed, at 44"C the 447 

Tabl 1. Protein sYntheso and relative mirtnunt of the rad traei 346
protein handi of ernic, asej subxcred to thermal streii The 
molecular mass and the relaure intensities of the radioactive 
bands of the synthesized protins it mbryo axes upon thermal 
stress arc shown and compared mith the control at 28"C. as 
seeti in figure 4 " relattr intens e-i of the radioactive hands 
Te interoot) iscoimpared amonF thebands of the same protein. 

Molecular Control 32C 36'C 40"C 44"C 

~~~~~Mas! ikDaj __ _______ 

126' - - -

- - -

.0--9 -, 4 
4 44 +4 

4 -4 
-

94 - -, 4 
8Q' -~ -,,, 4, 

-4 4 * 4 44 
0 

*77* -
* 

. 
+ 

4"-
4 

-
+ 
". 

69 4, 44 
44 . 

. ...- 4--. .. . 4 

24'
Iii 

" . 
-

... 
- 4 

" 
. 

-
-

-

"t- .. ..
.. 

lolecular mass of the proteins ands (hIs-not present at 

synthesis of proteins declines. Table I is a sum-
mar.% of the proteins si nthesized under heal shock. 
showin an estimaltorn of the tntenst ', of radinac-

incorporated per band 
i From th-e results 

we conclude -hat the op:mun temperature for 
syntheses and accu:hnLiti'n of hell:shock proteins 

l(it- fla,'grtp of the Ye: Tt Z,11rr:e: a-T'.' p-,in t ba s rhan:1 .6'C 
lob'. of rie protein,not presen Isitr,CiIr, etr.b-No axesitealed 
Iot" at ?'S'C(hsp, T e arrou. h;j, po n! It tl', band' ui ll. 
1W5 increase ir radioacti, it-.ns:rs uposr. thermal xposurte 

434 Figure 4 isa fluorogram of the proteins synthc-
435 sized during heat shockl since the ["S]rmethioninc 
436 was incorporated in the last 30 min of the 2 h of 
437 thermal exposure It shows that the same 7 bands 
438 of proteins accumulated in 2 h of treatment are 
439 also synthesized in the last 30 min of thermal 
440 stress. Because in this fluorogram the bands are 
441 Frn better resolved, it is possible to detect one 
442 additional band synthesized under stress. This 

rI Ilini Phist. Bi.,,hen; 

Kinetic of appearance of the Isp in emt'ro axes 

Since 36'C is the op:inium temperature for syn-
thesis and accumula:tor, of hsp. a kinettc exper-
iment of appearance of the proteins bands at 36"C 
was rut. with the ,urposc t( determine how soon 
pro:en. ,ippear in th: 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 mm to ' hi in the presence of 
["S~methionine added for 30 mi at the end of 
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Figure 5. Aine.,ic. of proicimi sin.rhej. in emb,,o aies The 
embr.No axes -erc subjtcttd ai 36C for diffelent penods of 
time (from 30 miin to 5 h) Groups of 6 embro axes %ere 

-incubated at 3WC in the presence of I 4SMtiq mJ ' of 
['Sl"etthminre ,hich %as added to the nie-dwm in the last 
310min of the period of therma; rairen Afie: the exposure 
to 3r'C the proteins -crc e.trated from the tissuc and anat. 
zcd SDS-PAGE fo!iosecd b' luorographN of the geL The 
complete atrosus sho, the trs, prolcins bands nor present in 
emnbrNo axe, ricubated at 2S'C The aros, hetads shou those 
bands of prolcir sshs,: tncic, in radw'c.tvc nmtersiiupon 
therma treatmer.: 

1%%ohours of thermal treatment Figure 5 is a fluO-
rogram showing the results of this cxp-riment. Six 
of tht eight hsp. are dc~c.ted after 30 min of heat 
shock at 3tlC ( (16(. ,. 2. 17.1 atd 17 kDa 
proteins) After I h. the hands 126 and 44 kDaaaxes 
arc also xm un tli intensinofprecrth An (f 

band, shows lisa; moximun, inorporation of 
radioacitit per band occur, from I to 2 I after 
heat shock initiation After 3 h of heat shock the 
proteins 77 and 17 kDa are not longer present 
After 5 h of treatment the proteins 126 is nt 
present and most of the intensit\ of the protein 
band, decline (t. 2 

Acquisition of termotolerancc bi 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 ts the 

Heat docL proteins in Araucaria arancan. 7 

Tabl 2. Kietics exjperuewn of pr'oteurs lsYnheis y erbryo
smljcted to 36C and relative intensity or the radioactive pro-
ei bands The molecular mass and the relative intenity of 
he protein bands decected in the kinetic experment of protein 

s are shown for embryo axeswhen xposed to 3WC 
for different periods of tiri (30 min to 5 i). asseeninfigure 5. 
4 . relative intensities of the radioactve proteins bands The 
sintensityiscompared amon the bands of the same protein 

Molecular Controi 30,mm th 2 h 3 h 5 h Mam (kDa) 

-26"- 4 
to6:06. - -t* . *-
i0 4 -4 4 4 + 4- - 4 4 4. 

84 4f 44+4 4 4+ t 4 94 4- + 4. -. 4-. + 4 

89' - + ,- - - 
*' -. -, 

80 4 4-.4f --4 --++ --- + 4.4 
71' - "++'. - 
69 4 + +-. .. . ' 

- + . . + - , 4-

33 + 4+,-, 
24 - 4 4 

20 " 4 + 4 4 
19 - '-4- -* -' 4 

17 . .. .4 48I 

" Molecular mass of the pioetn, bands (hspi not present at 

optimum temperature for acquisition of therMoto-
lerance bN the embr.o axes of A. araiuana. 
Figure 6A shows the result of induction of ther-
motolerance in embro axes after incubation for 
30 min at sublethal temperatures of 32. 36 an 1 

40C. OnlN the embr.o axes exposed at WC are 
able to recover 450. growth after treatment for 2 h 
at the lethal temperature of 44'C However. the 
recover\ of growth after 120 mm CpOsUTC at
sublethal temperatures. followed of , .4C heat 
shock for 2 h. was 52'%. of the control group when 
the sublethal temperature was 32'C. and P4 , when 
the suhlethal zemperaturc was 3,'C, The embryo 

" sub ected for 2 h to 40'C. pnor ic exposureat 44"C. recover gross h in onlx " 
Thi. growth is still les. than the grosth recover% 
of etnbr,.o axes subected to 2S'C before heat 
shock for 2 h at 4"C. 

Therefore, 36C is also the best sublethal tern-
T erefreo ind alc in aestho slhal 
oAra rini 
of 4 araucaa 

DISC'SSION 

The three main tissues of .4raucariaaraucaia 
seeds respond differentl. to high temperatures. The 

No! 29. n"3 - 19Q1 
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are the haustorial organs of the system and trans- 100
port sugars and amino acids from the megagame- 101 
tophyte to the embryo (Lozada and Cardemil. 102 

1983). 103 
This relationship between cotyledons and mega- 104 

gametophyte is perhaps related to another physio- 105 
logical role that the megagametophyte seems to 106 
have, besides being the reserve tissue of the seed. 107 
That role is to serve as a protective and isolating 108 
organ. for the embryc and cotyledons (Cardemil 109 
and Reinero, 1982, Cardemil and Varner. 1985; 110 
Lozada and Cardcmil, 1984). Therefore, it is IIl 
important that the megagametophyte, as protective 112 
tissue. could tolerate thermal stress. The higher 113 
thermotolerance of this tissue may be the conse- 114 
quence of less water content and more dryNstarch 15 

packed in amyloplasts in the cells of the 116 

megagametophyte (Cardemil and Reinero, 1982; 117 
Reinero et al.,1983). 118 

The A. araucana seedlings are sensiti%e to high 119 
temperature exposure. ma. be due to the high 120 
water content of the growing tissues after germina- 121 
tion The seedlings used in these experiments have 122 
been imbibed for 120 h At this age the seedlings 123 
are greening and most of the reserve stored in the 124 
embryo has been consumed with a considerable 125 
increase in fresh weicht (Cardemil and Reinero. 126 
1982: Reinero ,ial.. 1983. Cardemil and Varner. 127 
1985;, 128

The experiments of thermotolerance performed 129 

with seeds and seedlings of .4araucana allowed 130 

us to define the lethal 144'C) and sublethal temper- 131 
atures (32, 36 and 40'C) for the system. This 132 
distinction between lethal and sublethal temperat- 133 

105i araucana bi paposurt it)sutlethal irmpeatuei ures is verN important for A. araucaiaseedlings as 134of thettluej 
1086 The sublethal c,,ndnon "ere temperatures o 3Z. 3. and 40*C in an\ other living system because organisms 135 
101<7 for 30 mm in A and for 120 min it.B After the treatment to acquire therniotolerance after exposure to suble- 136 
10i. the subielhal axes were subjected to thai conditions and therefore can resist lethal tern- 13'imperaitures. theembr.. 
1l1 2 h of heat shozk at the lethal temperaure of 44"C The 
1090 ac;uisiucir, of thrrmotijerance 'as deiected b%thePerCenlof 
1091 gro,,th er'. lici,further mcu'ated for a periodreco, of the axes 

1092 of 4S 2SC aftc; temperature tiearment
ha: the lethal 

92 cotyledons are the most sensitive to thermal stress 
93 while the megagametophvte is the most resistant 
94 tissue of the seed to high temperature exposure. 
95 The loss of viabilit) of the cot\ ledons could be 
96 due to experimental conditions since the. are never 
97 exposed to external environments. Indeed. the 
98 cotyledons remain inside the megametophyte dur-

- 99 ing germinaiion and seedling growth. because they 

PlantPhiro., Bcheni 

peratures, (Lin c al.. 1984. Cardemil. 19S5i Fur- t35 
thermore the acquis:tion of thermoolerance b\ 139 
organisms is correlated v.xith the presence of heal i4, 
shock prolcins. 14! 

The main characterstcs of the hsp can be sum- 142 
manzed (a)The hea: shock proteins are synthe- 143 
sized under thermal stress, condition that most 144 
often decreases synthesis of normal proteins. 145 
(h)The hsp are svnthesized at sublethal temperat- 146 
ures and when the organism acquires thermotoler- 147 
ance. (c) The hsp are transient because they disap- 148 
pear under continuous heat shock or when the 149 
organism is put back to normal temperature. 150 
(d) There are hsp of high. medium and lo\% molecu- 151 
lar masses, these las: ones being peculiar to the 152 
plant kingdom. 153 
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'154 In seedlings of A. araucana eight hsp were 
155 detected and they fit the hsp characteristics men-
156 tioncd above. Among the hsp of A. araucana there 

"157 is a prominent protein of 89 kDa. A protein of 
158 identical molecular mass has been reported as hsp 
159 in chicken embrvos b) Schlesingger ef al. (1982)
160 and it seems to be related to glycolysis; it has been 
163 suggested that it could be a phosphatase or a 
162 phosphtransferase (Schlesinger. 1985). 
163 There are two heat shock proteins in 
164 A. araucana seedlings which are good condidatcs 
165 to be considered the equivalent of the universal 
166 hsp 70 kDa. These are the proteins 80 and 69 kDa. 
167 Both proteins are present at 28'C and both incre-
168 ase considerably under thermal stress. Therefore, 
169 strictly speaking the 80 and 69 kDa proteins are 
170 not at all hsp. since the expression of these proteins 
171 would depend of constitutive genes whose magni-
172 tude of expression w,ould be regulated by thermal 
173 conditions. 
174 There is another protein of 77 kDa expressed 
175 only under heat shock and not present at 28"C. 
176 The protein has a maximum accumulation at 40"C, 
177 but its synthesis seems to be low and uniform in 
178 seedlings treated at 32. 36 and 40'C Therefore, 
179 this protein may not correspond to the 70 kDa 

(180 protein. However, uith the methods used in this 
181 Aork it is not possible to identif%the lisp 70 kDa. 
182 Antibodies raised against a 70 kDa protein from 
183 other organism ma' help to identif% this protein 
184 of A. araucana since it has been reported that there 
185 is a high degree of conservation in the sequence 
186 of the 70 kDa protein as well as in the gene codin. 
187 for this protein (lngolia and Craig. 1982; Rochester 
188 ei al., 1986y This is the case for corn. where 
189 two genes for the protein have been clon.-d and 
190 sequenced Both genes have a 68% homolog\

* 191 betseen the predicted sequence of amino acid, 
192 with the amino acid sequence of the , :Da pr. 
193 ten of Drosophih, (Rochester cr al.. lS6 

194 There are in embryo axes of .4 wa:u,-,,o to
 
195 other proteins of high molecular mass. one of 

196 126 and other of 106 kDa Ii corn. prote:ni of 

19- molecular mass higher that 89 kDa are not present 

19 (Cooper and Ho. 1983). However. in tobacco p.o-
199 toplasts the expression of hsp 120 and I00 kDa 

K200 with isoelectric points of 5 and 7 has been reported 
201 (Meyer and Chartier, 1983) 
202 In .4. arauanc three hsp of loA molecular 
203 masses are present. In the literature similar pro-
204 teins have been considered peculiar to the plant 
205 kingdom (Meyer and Chartier. 1983; Cooper and 
206 Ho, 1983. o r al., 19S4 .Kir,nl and Ke\. 
207 198n 

Heat shock proteins In .4raucara araucana 9 

Ubiquitin, a conserved and universal low tool- 208
 
ecular mass peptide of 8 kDa has been reported 209
 
to be a heat shock protein, since it increases 6- 210
 
fold under thermal stress (Bond and Schlensinger, 211
 
1985; Vierstra. 1987). Under the SDS-PAGE con- 212
 
ditions used for protein analyses of A. araucana 213
 
the ubiquitin can not be detected, but the peptide 214
 
seems to be expressed in A. araucana seedlings 215
 
under heat shock Indeed. Northern analysis of 216
 
total RNA using a heterologous probe of chicken 217
 
ubiquitin shows an 1Treases of 6-fcld of ubiquitin 218
 
mRNA in the embryo axes when this tissue is 219
 
exposed to 36'C (data not shown). 220
 

The hsp of embryo axes of A. araucana have 221
 
their maximum expression at 36'C. Therefore. 222
 
36'C is the optimum temperature for accumulation 223
 
and synthesis of hsp. A kinetic experiment for hsp 224
 
appearance shows that the expression of most of 225
 
the new proteins occurs after 30 mn of heat shock. 226
 
V'ery- possibl., these proteins are expressed before 227
 
30 nin, at a level that is not easy to detect by 228
 
electrophoresis. 229
 

It is also important to point out that the 230
 
systhesis of normal proteins in embro axes of 231
 
A. araucana continues under thermal stress and 232
 
does not decline, as seems to be the case for 233
 
tobacco or soybean plants where normal protein 234
 
synthesis stops under hea conditions Therefore, 235
 
the etnorvo axes of A arauraiaresponn to thermal 236
 
stress with synthesis and accumulation of net, pro- 23
teins and increased rate of synthesis of many other 238
 
proteins already present at 28'C. 23c 

Being 36'C the best temperature for hsp expres- 240
 
sion. the obvious question to ask was if 36'C is 241
 
also the best temperature for acquisition of ther- 242
 
mololcrance. Indeed the experiment of thermoto- 243
 
lerance induction b sublethal temperatures in 244
 
embryo axes of .4 aaucana demonstrated that 245
 
3S'C ts also the optirnam temperature for indu,- 246
 
tion of tolerance to resist lethal temperatures. 24
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Studies 
 :rC 
 u . _'-o .elop
multiplhcatiOn of pineapple shoots. 

? s ,ste, for the rnzid in
 
Bormint axillary buds,
diameter, exci*.-s-fr- 4-6rm in
the ster region of the crowns o" the P2"Paple
cultivar :Iontserrot were used.'The rrsults shcw that buds which were initilt'Coiified in :icuid or on agar-.'Smedium su*ol?-ent 


I.d/or 7-3 coul 
with various ccncertrotinsfbe in_ucrd 
to form multipie E.cots.
apprzxirnately At bud burst,. i.e.n-fier initiation, budc ,ere transferredMediun to aicuidfor shcot -ulti!2;c-tion. 
 Spical meristems,
snoot in contrast, began"u2tilicntion v'rlier thcn the axillary huds.Gener~aly, shoots 
were prodjced at 
the rate ofSome cultures which used shoots older than 

E-10 every three weeks. 
six weeks produced upshoots per explant weekly. to fiveDuring shoot multiplication, cultures
ma-intoined either non-shaking or 

were
 
with continuous
remained green durin aeration. Shoots
culture and 
were trdnsferred to
medium prior egar-solidifiedtc t:eanin:, Shoots were roctec either during ancilture or at the t e-ning stage. 

GENE EXPRESSION TO THERMAL STRESSTREES OF IN 7W) NATIVECHILE: ARAUCARIA ARAICANA AND PROSOPIS
CHILENSIS.
 

W1aJm Uarai, Caudio Goycoolesde Clencles, md Costelo dia, DeAtamentoWvesicd de Odle, SeptiW, de Biologia, FeultadChile. 

kniriA arum constitutes tewptited relic forests of higth Arica muntains in the astrid regliwith diffeenoes of tep-.ratures bekteen day and 
of 

sems of night and20C. m i ddfre is a leviinm, tree of the 
bhe
 

aud central Mile, In these regions the temperature reaces 
id aW sel arld from rwthern


'I! perfoiJrg heat s~hck ore 60"C at Lo of &m clys.e iw~nts, w tave imestipted hoy seedsresxn to hig ternture and hov a w-cilirgs of these treestespeastues, they icqdre thetvotolerance Ve eqe to sublethal 
Indeed, the wi purpose of this researcapted to has been to test the hypothesis that "btivetheir Mtura.1 mlronint becse trees arethey have a h" ree of epression of theseresistant genes to staM t.rh envIrmenta coriitios,to a hig otber The hg deee of eresslor, couDd be dueof genes confeWt-I resistarme or &e to reilatory chajism of gemfuctioo'.SM-Polyacryla ic gel electrr 

in is of t synthezised poteirsthe presera of °5-thjiorne, le~stt-
r der tharwd stress aM

sheck proteins (*) 
blot analys-es uirC polyclonel antibodes apinst heatand fthen hybridlzatlon walyses using probes for the 70 kD hsp and for thetbiqutinhare aoy us to test the aorsy hypothes!, es C1l to selectinirIdzs for hich resistantin the ratral ppudhtions of these trees. 

AID -.wnt CHf %C--SS-U7T-00 and FMCIE17 Oi601M. 
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24 	 RESPONSE TO WOUND STRESS BY SEEDLINGS OF ARAUCARIA 
ARAAA AND PROSOPIS CHILENSIS. 

lia Cdeit. Alejandro Riquelme ad o eg rio Rdriguez. epartamento de Biologia

Facultad de Ciencias, tiversidad de Chile, Santiago, Oile.,
 

Tissnes of seedlings of frauraii arnurma d r isichuinsii respond to wonding by
increasing from 10 20 folds the basal level of cell wall proteins,
Tissue inunoprints of the different organs present in seeds and seedlings of a. x aUndrhlesi using polyclonal antibodies raised against hydrxyproline-rich glycoproteins (lO's,
extensins) present in cell walls of carrot roots or soybean cell walls.
The tissue in.unoprints also reveal that in A.araucran, the aegagasetophyte, root tips mdresin canals of the cotyledons, ire the tissues which s higher expression of extensin-like
cell wall proteins. In E,chilni-, the vascular bundles of the cotyledons and of the hypo

and epicotyls are the tissues sho~ing ahigher expression for these proteins.
SS-polyacrylaide gel electropaoresis of the cell wall proteins folloed by Western blot

analysis reveals that are 3 cell wall proteins A, acangi 
 a 4 in the case of F. CbJlijM s,inamocross react rith carrot and soybean extensin antibodies. Sow of these proteinscan run in their native fores under conditions of cationic neutral gel electrophoresis indicating 
a basic nature of these proteins.
In A.Aaurana two of the cell wall proteins have been purified "idfurther chiracterized forsino acid copositio and for *6 terainal sequences, Two proteins have permxidase activity.
AID Grant IDPF 5542-&-r" 73-0 ad FDV( OWNO/D6. 
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