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REIV1NDICACIONES MODIFICADAS OFICIO No-3980 

Un mØtodo para producir una planta tolerante a condiciones de esfrØs que incluye los pasas de: 

(a) proveer a las cØlulas de las plantas con un gen quimeco para crear cØlulas de plantas 

transgØnicas, dicho gen quimeco comprende los siguientes fragmentos 

I) un promotor que puede ser expresado en plantas; 

ii) una region ADN, la cual cuando es transcnta produce una molØcula de RNA 

inhibitoria de ParG, dicha region de ADN comprende una secuencia de 

nucleOhdos de par Ia menos 21 a por lo menos 100 nucleOhdos de una 

secuencia de nucleOtidas que codifica un proteina que comprende la Y�.VIr i4 

secuencia de aminoÆcido SEQ ID No. 1, 2 0 16)0 por Ia menos 21 a por Ia 

menos 100 nucleOhdos de una secuencia de nucleOtidos SEQ ID No. 3, 4, 

15023; 

iii) una region final 3’ involucrada en la terminaciOn de la transcnpciOn y 

poliadenilaciOn; 

(b) RegeneraciOn de una pablaciOn de las lineas de plantas transgenicas de dichas cØlulas de 

plantas transgØnicas; y 

(c) ldentificaciOn de una linea de plantas tolerantes al estrØs dentro de dicha pablaciOn de 

lineas de plantas transgenicas. 

2. El mØtodo de acuerdo con la reivindicaciOn 1, en donde dicha molØcula de RNA inhibitoria de 

ParG incluye una secuencia de nucleOtidos de par Ia menos 20 nucleôtidos consecutivos de  la 

secuencia de nucleOtidos del gen ParG presente en dicha cØlula de la planta. 

3. El mØtodo de acuerdo con la reivindicaciOn 1, en donde dicha molØcula de RNA inhibitoria de 

ParG incluye una secuencia de nucleOdos de par Ia menos 20 nucleOtidos consecutivos del 

complemento de secuencia de nucleôtidas del gen ParG presente en dicha cØlula de planta. 

4. El MØtodo de acuerdo can la reivindicaciOn 2 0 3, en donde dicho gen quimØco ademÆs incluye 

una region de ADN que codifica un ribosoma auto-empalmante entre dicha region de ADN que CU 

codifica dicha molØcula de RNA inhibitoria de ParG y dicha region final 3’. 



5. El mØtodo de acuerda con la reivindicaciOn 1, en donde dicho RNA inhibidor de ParG incluye una 

region de sentido que incluye una secuencia de par Ia menos 20 nucleOtidos consecutivos de la 

secuencia de nucleOtidos del gen ParG presente en dicha cØlula de planta y una regiOn 

antisentido que comprende una secuencia de nucleOdos de por 10 menos 20 nucleOtidos 

consecutivos del complemento de la secuencia de nucleOdos del gen ParG presente en dicha 

cØlula de planta, en donde dicha region de sentido y de ansentido son capaces de fomiar una 

region de RNA de doble ramiflcaciOn que incluye por to menos 20 nucleOtidos consecutivos. 

6. El mØtodo de cualquiera de las reivindicaciones 1 a 5, en donde dichas condiciones de estrØs 

son seleccionadas entre calor, sequla, agotamiento de nuthentes, estrØs oxidava 0 condiciones 

deluzalta. 

7. El mØtodo de acuerdo con cualquiera de las reivindicaciones I a 6, que comprende ademÆs el 

cruce de dicha linea de planta transgenica con otra linea de planta para obtener la progenie de 

plantas tolerantes al estrØs. 

fi Una molØcula de ADN que comprende 

(i) Un promotor que puede ser expresado en plantas; 

(ii) Una region ADN, la cual cuando es transcnta produce una molØcula de RNA inhibitoria 

de ParG, dicha region de ADN comprende una secuencia de nucleOtidos de par lo 

menos 21 a par Ia menos 100 nucleOdos de una secuencia de nucleOtidos que codifica 

un proteina que comprende la secuencia de aminoÆcido SEQ ID No. 1, 2 o 16 o par lo 

menos 21 a par 10 menos 100 nucleOtidos de una secuencia de nucleOtidos SEQ ID No. 

3,4,15023; 

(iii) una region final 3’ involucrada en la terminaciOn de la transcnpciOn y poliadenilaciOn; 

(9 Una cØlula de planta que incluye una molØcula de ADN de la reivindicaciOn 8. 
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Abstract In plants many biotic and ablotic stresses can cause 
secondary oxidative stress. Earlier work showed that, depending 
on the severity of the oxidative stress, plants can activate either 
cell protective genes or programmed cell death (PCD). Poly-
(ADP-ribose) polymerase (PAR?) has been implicated as one of 
the enzymes In the apoptotic pathways induced by DNA 
damaging agents or oxidative stress. We show that in cultured 
soybean cells, PARP is involved in responses to mild and severe 
oxidative stresses, by mediating DNA repair and PCD processes, 
respectively. Addition of PARP inhibitors reduced the degree of 
cell death triggered by H202. Two windows of NAD consump-
tion after H202 treatment were detected. Experiments with 
transient overexpression of Arabidopsis PARP eDNA promoted 
DNA repair and inhibited cell death caused by mild oxidative 
stress. However, following severe stress PARP overexpression 
increased cell death. Expression of antisense PARP produced the 
opposite effects: an increase In DNA nicks and inhibition of cell 
death at high, but not mild doses of H202. 
' 1998 Federation of European Biochemical Societies. 

Key words: PoIy(ADP-ribose) polymerase; Oxidative stress; 
Programmed cell death; Nicotinamide adenine dinucleotide; 
H202 

1. Introduction 

In natural environments plants are subjected to many envi-
ronmental stresses which in turn can cause secondary oxida-
tive stress [I]. In fact, in many cases the secondary oxidative 
stress is the major cause of the cellular damage during the 
altered environmental conditions. This is true for abiotic 
stresses such as cold stress [2.3]. light stress [4], mechanical 
stress [1 and also for stresses caused by bacterial and fungal 
pathogens [6.71. The excessive formation of reactive oxygen 
species (ROS) in response to the primary, environmental 
stress activates a signal transduction pathway that may be 
independent of or additive to the signals induced by the pri-
mary stress [8]. 

Oxidative burst constitutes one of the first plant responses 
to pathogen attack. We have shown previously that in soy-
bean cells a high dose of H202 induces a programmed cell 
death (PCD) response [9]. In plants, PCD has been implicated 
in differentiation of tracheary elements, hypersensitive re-
sponse to pathogens, normal root, leaf and embryo develop-
ment [10]. A number of intrinsic (hormones, position) and 
extrinsic (pathogens. light) signals can initiate PCD, yet the 
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variety of morphological and biochemical profiles of PCD in 
plants is so broad that it is not clear whether a single or 
multiple programs execute plant PCD [10.11]. 

Several groups have shown that differentiation of tracheary 
elements could be prevented by 3-aminobenzamide, nicotin-
amide and 6(5H)-phenanthridinone, substances that are con-
sidered rather specific inhibitors of poly(ADP-ribosyl)ation 
[12-14]. Poly(ADP-ribosyl)ation is a unique post-translational 
modification of nuclear proteins, which is strongly stimulated 
in cells following environmental insults [15]. NAD :protein-
(ADP-ribosyl)transferase (polymerase) (ADPRT or PAR?; 
EC 2.4.2.30) catalyzes poly(ADP-ribosyl)ation by covalent at-
tachment of ADP-ribose from nicotinamide adenine dinucleo-
tide (NAD) to glutamic acid residues in protein, followed by 
further transfer of ADP-ribose units onto the initial adduct to 
form poly(ADP-ribose) [16,1 7]. Poly(ADP-ribosyl)ation, as a 
type of secondary protein modification, is widely distributed 
among eukaryotes including animals, insects, fungi, plants, 
and dinofiagellates [18]. PARP is a nuclear protein with a 
bipartite nuclear localization signal [19] that is tightly bound 
to chromatin or nuclear matrix [18,20]. Low basal PAR? 
activity is stimulated up to 100-fold following PAR? binding 
to nicked DNA [21] and massive synthesis of poly(ADP-ri-
bose) is part of the rapid stress response in mammalian cells 
toward generation of DNA strand interruptions by DNA 
damaging agents [15]. In vivo poly(ADP-ribose) is a short-
lived polymer with a half-life of 1-2 mm, being degraded by 
poly(ADP-ribose) glycohydrolase [15]. Although poly(ADP-
ribosyl)ation of a number of nuclear proteins has been de-
scribed [22-24], there is no evidence at present that poly-
(ADP-ribose) synthesis on nuclear proteins, other than 
PAR?, is of any physiological significance [18]. Many studies 
on the functional role of PAR?, among them using PAR? 
inhibitors, have indicated that it is associated with DNA re-
pair and DNA replication [20,25]. However, PARP-deficient 
mice seem healthy and fertile, and therefore it was suggested 
that PARP plays no essential role in cell proliferation, differ-
entiation or development, but controversial results were re-
ported for the capacity of DNA repair and sensitivity to 
DNA damage in transgenic animals [26,27]. 

One of the consequences of PARP activation is depletion of 
NAD. It was hypothesized that a cause and effect relationship 
exists between PAR? activation, loss of NAD, and cell death 
induced by oxygen radicals [28,29]. Therefore, at least in some 
animal cell types PARP may play a role in control of cell 
death through NAD depletion. The association of PAR? 
with PCD is supported by the discovery that PAR? is one 
of the targets of ICE-related proteases [30,31]. The generation 
of a separate zinc finger domain during apoptosis may be 
equivalent to the in vivo expression of the dominant-negative 
amino-termiii1 fragment of PARP [32,33], and might be cx-
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pected to enhance cell death in conjunction with DNA frag-
mentation. 

The biology of PAR? in plants is much less understood. 
Enzymatic activity was partially purified from maize seedlings 
[34.35]. The activity detected is most likely associated with the 
:ap gene of maize PAR? (E. Babiychik and D. InzØ, unpub-
lished results). The ZAP (EMBL accession number AJ222589) 
protein is highly similar to the animal PAR? gene as regards 
domain organization. A different shorter type of PAR? (72-
73 kDa) was cloned earlier from Arabidopsis thallana, called 
APP [36] and recently its homologue was cloned from Zea 
tnays, and called NAP (EMBL accession number AJ222588). 
Thus, in maize plants there are two PARP genes. The APP/ 
NAP proteins do not possess a classical DNA binding domain 
composed of zinc fingers, yet they are localized in the nucleus 
and their activity is inducible by binding to nicked DNA, and 
inhibited by nicotinamide and 3-aminobenzamide (Babiychuk 
et al., in preparation). It has been suggested that in plants 
PARP activity may also have a role in the regulation of a 
major branch in secondary metabolism, the activation of 
phenylalanine ammonia lyase (PAL) in response to severe 
oxidative stress [37]. 

In the present study we have analyzed the possible involve-
ment of PARP proteins in plant PCD, using cultured soybean 
cells. In this system PCD can be induced directly, through 
application of an exogenous oxidative stress [9], in a manner 
recently reported for Arahidopsis cell.cultures [38]. We show 
that in soybean cells PCD is preceded by a drop in cellular 
NAD levels, indicating the activation of PARP. The PCD 

induced by a high dose of H202 was inhibited by PARP 
inhibitors and by ectopic expression of the app gene in the 
antisense orientation as opposed to the sense orientation. On 
the other hand, overexpression of the app gene in the sense 
orientation improved the survival of soybean cells following 
mild oxidative stress. The transformation experiments also 
affected the number of DNA nicks. In summary, our data 
are in favor of an important role for poly(ADP-ribose)polym-
erase(s) in the regulation of cell protective and PCD responses 
in plants. 

2. Materials and methods 

. 1. Cell cultures 
Soybean cells, cuttivar William’s 82, were maintained in 250 ml 

flasks in Murashige and Schoog medium (Sigma) at 25°C. Cultures 
were maintained by transferring 6 ml of a 2 week old culture into 40 
ml fresh medium. Two day old cells were used for all experiments. 
Inhibitors were dissolved in sterile water and added to culture me-
dium. Cell death was assayed as described in [9]. 

2.2. NAD measurements 
Cells were harvested by vacuum filtration and immediately lysed in 

200 it) of 2% perch lone acid. Lysed cells were centrifuged at 20000 X g 
for 20 min and the supernatants analyzed by a cycling enzymatic 
reaction which measures NAD content [391. The concentration was 
determined by standard curve fitting with NAD (Sigma). To deter-
mine the dry weight of cells, the samples were dried overnight at 80°C. 

2.. Plasmid c’onslruc/s 
For expression of the app eDNA in plant cells, in either sense or 

antisense orientation, the full-length app eDNA was excised from a 
pC3 clone [361 as a XhoI-BamHI fragment, blunted with Klenow 
polymerase (NEB) and ligated into the Sail site of pGSCDH35 [40]. 
In two resulting plasmids pSPA9 and pSPA1O, the app cDNA was 
placed under the control of the 35S CaMV promoter in antisense and 
sense orientations, respectively. To combine the app expression cas-
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settes with a cassette expressing the Eseherichia coil uidA gene, to be 
used as gene-reported for data normalization, the bacterial GUS gene 
was inserted as a translational fusion with app. Finally, binary vectors 
were introduced into Agrohacrerium rumejiwiens by the freezing-thaw-
ing procedure. 

2.4. Soybean cell transformation 
Cells of recombinant A. tumefaciens were grown in LB for 40 h at 

28.5°C. Prior to inoculation the bacteria were washed two times to 
remove the LB, resuspended in 10 mM M9Cl2 and added to 36 h old 
soybean cells at a concentration of 3 x 10 cells/ml. A second identical 
dose of agrobacteria was added to the suspension 24 It later. 48 h after 
the initial inoculation the agrobacteria were removed by extensive 
washing over Miracloth (CalBiochem) and cells were left quiet for 
6 It prior to treatment with H202. A sample of the cells transformed 
with GUS was fixed and stained with X-gluc. 

2.5. Western analysis 
Total protein extracts from soybean culture cells were separated by 

SDS-PAGE and transferred to nitrocellulose (Millipore). The mem-
brane was blocked for 30 min with 3% low fat milk in TBS and 
incubated overnight at 4°C in blocking solution containing anti-Am-
bidopsis APP at 1 1000 dilution. The anti-APP antibody was prepared 
in rabbits immunized with a bacterially produced carboxy-terminal 
part of the protein (Met3tt-Hist°7). The second antibody was goat 
anti-rabbit conjugated to horseradish peroxidase. The PARP protein 
was detected by the ECL method (New England Biolabs). 

2.6. Nucleus preparation and nick translation 
Cells from 5 ml cultures were harvested with vacuum and immedi-

ately frozen in liquid nitrogen. Nuclei were prepared by grinding the 
cells with a mortar and pestle in order to keep the nuclei intact, as 
described in [41]. The frozen powder was transferred to I ml of buffer 
A (20 mM Tris. 0.25 M sucrose, 10 mM EDTA. 200 mM NaCl. 0.5% 
Triton X-lOO, 150 sM spermine and 0.5 mM spennidine), filtered 
through two layers of Miracloth (CalBiochem) and centrifuged for 
30 s at 4°C. 1200 x g. The nuclear pellet was washed three times in 
buffer A and two more times in buffer B (20 mM Tris. 100 mM NaCl. 
1mM EDTA, 15 iIM spermine and 50 .tM spermidine). Nuclei were 
resuspended in nick translation buffer (New England Biolabs) with 2.5 
iCi of [-32P]dCTP (3000 Ci/mmol, ICN) and 300 MM of other 
dNTPs in 50 id reaction mixture. The reaction was initiated by addi-
tion of I unit of DNA polymerase (NEB, Klenow fragment). The 
reaction was stopped by adding I ml of cold 10% TCA incubated 
on ice for 5 min and centrifuged at 20000xg for 10 mm. The pellet 
was washed three times with cold 10% TCA to remove unincorpo-
rated label. Samples were counted in a Beckman scintillation counter. 

3. Results 

3.1. Inhibition of soybean PCD by PARP inhibitors 
Earlier studies have shown that in cultured soybean cells 

oxidative stress activates the PCD response, which resembles 

apoptosis in animals [8]. Most importantly, H202 induces 
DNA fragmentation, i.e. double stranded DNA breaks, which 
were shown to act as activators of the PAR? enzyme in ani-

mal systems [16,18]. As a first step to test the involvement of 
poly(ADP-ribose) polymerase in the PCD response we used 
two PARP inhibitors, 3-aminobenzamide (3 -ABA) and nico-

tinamide [28.42]. Soybean cells were preincubated for 30 mm 
with the inhibitors and then treated with 5 mM H202, a con-
centration that induced PCD in about 50% of cells [9]. Both 

PAR? inhibitors blocked cell death induced by the oxidative 
stress, suggesting that PARP activity may play an important 

role in soybean PCD (Fig. IA). The degree of protection 

depended on the dose of the inhibitor, in agreement with 

the competitive mode of action of these inhibitors, although 
additional factors cannot be excluded. The reduction in cell 

death by the inhibitors also indicates that the given concen-
tration of H207 was not toxic on its own. These results were 
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Abstract A full-length Arabidopsis thufiana cDNA (app)encod-
ing a protein with high similarity (about 60%) to the catalytic 
domain of vertebrate poly(ADP-ribose) polymerase (PARP; EC 
2.4.2.30) has been cloned. The N-terminal extension of the Arabi-
dopsis protein shows similarities with domains of different nuclear 
and DNA binding proteins in agreement with nuclear localization 
and putative function of a plant PARP. APP is encoded by a 
single gene mapped at the top of chromosome 4 of the Arabidopsis 
genome and mRNA Is abundant In cell suspension culture com-
pared to Its accumulation in whole plant. 

Kt’ words: Arabidopsis 
i/ta/lana: 

Evolution: 
Poly(ADP-ribose) polymerase 

I. Introduction 

Poly(ADP-ribose) polymerase (PARR: EC 2.4.2.30) is gener-
ally described as a nuclear enzyme found in most eukaryotes, 
including vertebrates. arthropods. molluscs, slime moulds. 
dinofiagellates. fungi and other lower eukaryotes with the ex-
ception of yeast. and corresponding eDNAs have been isolated 
from several species of mammals. chicken. Xenopus. and insects 
(for review. see [1-31 and Fig. 5). Structure�function studies 
have shown that animal PARPs may be divided into at least 
three subdomains [4]. The N-terminal part (46 kDa) contains 
two zinc fingers and has a high affinity for nicked, V-shaped 
DNA. Interaction of PARP with nicked DNA strongly en-
hances the activity of the catalytic domain (54 kDa), which is 
very well conserved among all PARPs and located in the car-
boxyl-terminus of the protein. Automodification of the central 
domain (22 kDa) apparently serves as negative feedback regu-
lation of the PARP. 

PARR catalyses both the transfer of ADP-ribose from 
NAD. mainly to the carboxyl group of a glutamic acid residue 
on target proteins, and subsequent ADP-ribose polymerization 
(for review. see [4.7]). PARR itself, histones. high mobility 
group chromosomal proteins, a topoisomerase, endonucleases 
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and DNA polymerases have been shown to be modified by 
PARR (for a review see [71). The high negative charge of 
poly(ADP.ribosyl) chains attached to the protein decreases its 
affinity for DNA. These observations are in agreement with 
association of the PARR with chromatin and its involvement 
in DNA repair. replication and recombination and in cell divi-
sion and differentiation [7-12]. PARR exerts other complex 
effects on cell metabolism due to the depletion of cellular 
NAD [13]. Lastly, it has been suggested that nicotinamide 
resulting from NAD hydrolysis by PARP. may be one of the 
early stress response signal in eukaryotes. including plants [14]. 

The first evidence of plant poly-ADP-ribosylation was ob-
tained from investigations on germinating seeds, and cytologi-
cal work with onion tissues. PARR activity has been further 
demonstrated in isolated nuclei from cultured tobacco cells. 
wheat, and pea [14-18]. Plant PARR is mostly associated with 
chromatin [19] and may have a similar role in DNA repair as 
in mammalian cells [20]. 

Here we report the cloning and characterization of the first 
plant cDNA encoding a PARP homologue. Its structure and 
expression are studied and compared to those of animal PARR 
Finally, the putative function of PARR in plants is discussed. 

2. Materials and methods 

2.1. Plant material - 
Arabidopsis thu/lana ecotypes Landsberg erecta and Columbia were 

grown in soil under lb-h light conditions at 22°C. The cell suspension 
culture was grown in a liquid MS medium supplemented with I mg/I 
of 2.4-dichlorophenoxyacetic acid on a gyratory shaker at 80 rpm. 

2.2. Isolation of PARP eDNA 
Several cDNAs of A. f/ia/lana have been isolated during it specific 

screening in yeast cells (data in preparation). Among them, the clone 
yb55 (1720 bp) encodes a protein showing a high similarity with the 
catalytic domain of animal PARPs (Fig. I). The cloned fragment was 
used to screen 106 recombinant phages of an .4ruhklopsis cDNA library 
made from cell suspension culture mRNA in ,ZAP vector [21]. Nine 
positive clones were purified, and cDNA containing pBluescript SK 
phagemids were excised in viva from the A vector using the helper phage 
VSC-M 13 (Stratagene, La Jolla. CA. USA). The sequences oft h long-
est cDNA inserts were determined on both strands by the dideoxy 
nucleotide chain termination method according to the T7 sequencing 
kit (Pharmacia. Uppsala. Sweden). Amplification of the 5’ end of the 
mRNA has been done by the anchored-PCR approach as described by 
Troutt et al. [22]. The cDNA template was synthesized on 5 ig of total 
leaf RNA using the preamplification kit (GibcoIBRL, Gaitherburg. 
MD. USA). The sequence of the gene specific oligonucleotide was 
5’-CTGATCTAGCACCGCTGCACCC-3’ (nucleotide numbers 574-
553) and the sequences of the anchored primer and the primer comple-
mentary to it were described by Trouti et al. (221, 

2.3. DNA and RNA h/el hvhrul,:at /0.5 anal rw.i 
Total .4rahiclopsis DNA and RNA were extracted as described by 

Shir,’.adegan et al, 1231. DNA and RNA gel blot analyses and construe-
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don of recombinant plasmids were performed according to standard 
procedures [24]. Prehybridization and hybridization of DNA or RNA 
blots were done in 0,25 M Na-phosphate. p1-I 7.2. 7% SDS. I mM 
EDTA, and 1% bovine serum albumin [25]. Prehybridizations were 
done at 65°C for 2 Ii, hybridization at 65°C overnight. Membranes 
were washed three times for 5-20 min with 50-200 mM of Na-phos-
phate buffer, pH 7.2, 1% SDS and I mM EDTA at 60-65°C. 

A 

A, t. 1 MANKLKDEt,RLtAER0t,S7IVKAVL.VERLEEAIAm0TKXEESKsKRR 
-Al" "B" -----

A. t. 50 RN85NYE$N3(i.XAI0EFROMIVUt&EEAI1G0.D1(t.LERLC 
Bd .......... 

NAB-binding domain 
N.m. 525 ThKGGAAVDP-
S.p. 511 X1}WGtAVDP-
A. t. 101 NDANNV8NAPVl(S8)TOEAZODNNOFaREKKB8KIVTATKKGAAVLDQW 

........ncu. ................* * 

N.m. 535 - OSGLHSA6W- LaKGOKVFSATLGLVDXVYThSY?KLQLLEDDKENRY 
S. p. 521 - osQLVVsRExy?nNtGz’xDzc11asPyKLQLLzsof4looRp 
A. t. 151 IPDEIXSQYNV LQRGDDVnAIt.NNNNKPPI.QVLESDSKIci"f 

N.m. 583 
S.P. 570 wPRSw0RIGrTzGGNONPSNVAXVQFt,YL.EKSGNX?ENPEN)V 
A. t. 200 NVRWGRVGV1tGQSKLPTDSWDRAIBI90ND1’0YWSDREEFI 

N.m. 632 KTPKXPYPLEIDYGQDE ....... BAVXXGPXSIPKPVQDLIKM 
S.p. 620 KVAGRSTtPXDIOYAEDS ------- . 

A. 0. 250 PHPKSYWttDYGKEEDSPVNNDXPSSSSEVKP8QSKLO’1’RVAXPXSt. 

N.m. 675 IFDV8StXN0fEYEIDLQItPWKlSKRQIQAAYSItSRQQAVSQOSS 

S - p. 661 MFDVOSNEFDtDME14PLGKLSQKQXQSAYTT8IYRLIQGOOP 

P. - t. 300 ICNVSP14 EIGY LPLGKXSKS’X’ISKGYEVLitRXSEVXDR- TO 

N.m. 725 D5QILDLSNRPY’FLXPiDFGMKKPP- -LLNNASVQA1CVEMWNLLDIEV 
S.P. 711 NAKPIDA’rNRFYTLZPImJVOTQSPP- -Lw’rPEQVBQLRQMLDSt.IEIEC 

A, t � 349 ATRLEELSGEPYTVIPHDPGMMSQFVXDMKLKQKIEMVRAfOEZBL 

N.m. 773 ATSILRGG8DD6SRDPIDVNBKUCTDXKVVDRDSE8AEIIRKYVIOTRA 
S.p. 759 
A. t. 399 ATLSDPGtQO-DPVnIWQQLNc?PVONDSEEPSNANMENT)sA 

� *1 * � * *.* * *0* 

N.m. 823 15ATOtEVZDX FKX ER8G8CQRYKPS’KOuOtMwGSR’I’OWPAGIL 
5.p. 809 BTMiTOLEVVDI FXVAP.QGEARP.YKP(RRLtWHGSRL’flFAGIL 
A. t - 448 1(7tSGVB1AQi0SRAVSADRPQFSSSiONLt.WHGSRt)014WAOIL 

*. * � * * * * * ** **.*.** ** **** 

"Ly8-893" 

N.m. 873 
S.p. 659 SLKIAPPSAOrYPP.NVSKSACCTS3000SLMLLSE 

At. 498 
� .. ........ * .......  tnt. n*.fl* * ** * 

N � in. 923 VP.LGN?4fEl.1ASN- XSXLPKGIOIS ZOO PrPOPSAN- XSLDOVrSVPL 

6.9. 909 VP.1.ODMNECTAAXY-VrRLPNZO4SOFGRORThPNPSESIXRVEIPL 
A. 0. 548 VALGDt*0EtLYSDYDNLP.S?3VGZ’PAPNP8EAQTLZDGVVVPL 

N .in. 971 OMISSW4MTSLLYNEYIVYDXAQVNLKYLLKLKFNFKTSLW 

8.9. 958 GKPZ?tSLKSSLLTNEFIITOXAQVNIQY R9tPKTK --- * 
A.

---
A. 0. 598 OKPF ROB LTBYXV EQIfltRTVIOVKPNT3OS - - 

L, Lepinie’ ei al. /FEBS Letters 364 (/995) /03-108 

Restriction fragment length polymorphism (RFLP) mapping analy-
ses have been performed on 99 recombinant inbred (RI) lines provided 
by C. Lister and C. Dean (John Innes Institute, Norwich, UK: (26)1. 
The marker generated by Dral restriction was used for the mapping of 
the Arahklopsis chromosome. Computing of the hybridization patterns 
was carded out by C. Lister (Norwich). Mapping data are available via 

AAtDB. 

B 

Domain A" 

APP "Al" 4 KLxVozLRLxoGLS1rGVAvLv5aLEEA 
ts1RNP 10 KLKVS5 ZK8EtRV5O0ZP,3X.HLQM 
APP "A2" 74 (IMIVKMLRBEAIKRGLD7MTKKDLLERLCVD 
Consensus klkV ILreel kRgLB000 Ra L 3RL a  

_He1ix__ -Loop- _Hettx_ 

Domain �$. basic (z/R)-rich 

APP 38 Eo’rxEERszSKa- iNSSNDTYE8NKI,IAIGE 

Ha 90 104 EEEX3(z8KIi(KKVThVTREW4L 

RNA H1. 387 ZALEQSQSRVPPFLRK-LNDTYEKza 

TeaflaF 85 RRKNNEARZRSR2iR- L.NDLVt,i1CLIALO5 

Consensus a kkEe$X kretk 1NDTY8 nKLia 96 

poatn "C", hydropbLILe and acidic (5/0) -rich 

APP 105 NVSNAPV- KS5 ’ NGTDEABIDDNNOFS MEER KIVTAT- 66 

hnRNP 75 NONSAORSOAOL SQEAAA000SBEE5E$886601SAL 

CPDI I) - in. 226 NA- -APV8(EDNDDO - QDOENSGESL1SFPIKTVVAP’ 66 

523 Rat 168 KLDEDDDEDDEDD5DDE0DDDDDF13ISR’i 836 V- - PVKX 

Consensus Ni apvakaedngdDEclaOdfl GONE 636 V p 66 

Fig. I Deduced amino acid sequence of the Arabidopsis app cDNA. (A) The amino acid sequence of the open reading frame encoded by the longest 

cDNA is presented (At. is Arabidopsis ihaliana). Comparison with mouse (Mm.) and Sarcophagu peregrina (S.p.) PARP is shown from the beginning 

of the catalytic (NAD binding) domain indicated by an arrow. The accession number of the protein sequences in databases are P09874 (mouse). 

D16482 (S peregrinc,) and Z48243 (Arahidop.cis). Gaps introduced to obtain maximal homology are indicated by horizontal lines. The Lys-893 that 

has been shown to be involved in the active site is indicated above the sequences. The repeated sequences (Al and A2). basic region (B) and putative 

autotiiodillcation domain (C) as described in the text are underlined. (B) Similarity of the N.terminus of Arahldopsis APP with different nuclear 

proteins: a heterogenous nuclear ribonueleoprotein (hnRNP. S22765) from human, a RNA helicase from Dictyosteliwn (RNA Hel., X81823). a human 

transcription factor (TransF. X64318), a nuclear heat-shock protein (l-ISP90, P24724), a chromosomal protein from Drosophila (CDPI. P22058) and 

a rat nuclear phosphoprotein (B2. P13084). Capitals indicate amino acids conserved in all sequences but one and bold capitals conserved in all 

sequences aligned. 
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Como resultado del examen de fondo, realizado con fundamento en el artIculo 45 de 
la DecisiOn 486 de la ComisiOn de Ia Comunidad Andina, se le comunica: 

1. Documentos estudiados 

DescriDciOn: 

Reivind icaciones: 

Ficiuras: 

Prioridad: 

2. Objeto de la invenciôn 

Folios: 42 a 99 como se radicO inicialmente. 

Folios: 100 a 105 como se radicO inicialmente. 
Folios: 226 a 227 modificadas el 03/08/2010 

Folios: 107 a 141 como se radicO inicialmente. 

09/04/2003 
21/08/2003 

EP 03076044.1 
US 60/496.688 

TItulo de la solicitud: "MØtodos y medios para incrementar la tolerancia de las 
plantas a condiciones de estrØs". 

El objeto de la presente solicitud de patente de invención consiste en obtener un 
mØtodo para incrementar la tolerancia de las plantas a condiciones adversas 
abiOticas, usando la poll (ADP-ribosa). 

El problema planteado en esta solicitud es disminuir el daæo generado por el estrØs 
abiôtico, incluido el dano en el DNA de las cØlulas expuestas a condiciones 
adversas. 



Para solucionar este problema tŒcnico la solicitud en estudio proporciona un mØtodo 
Para inhibir el daæo en el DNA yen las cØlulas en general, a partir de la red ucciôn de 
la expresiOn de ParG, resultando en una tolerancia incrementada al stress hIdrico en 
las plantas. 

IPC: Cl2N 15/82. 

3. De la solicitud de Patente (segün el caso) 

3.1. Descripciôn (artIculo 28 D. 486) 

En general, el capitulo descriptivo no presenta una informaciôn suficiente Para que el 
tØcnico versado en la materia pueda entender y desarrollar la invención puesto que 
no se evidencia que la invenciOn si soluciona el problema tØcnico planteado. 

Aunque la solicitud menciona que el propósito del gen quimerico ParG es 
incrementar la tolerancia de las plantas al estrØs, ni siquiera los ejemplos 
demuestran que el constructo planteado si logra este efecto. El ejemplo 5 que 
realiza la transformación de lineas de Arabidopsis y Nicotina, presenta 
resultados incompletos puesto que no se menciona cual es la diferencia entre 
las lineas transgØnicas y porque se presenta la alta variabilidad entre los 
resultados encontrados en los valores de contenido de NAD+NADH (ver 
tablas I y 2). 

� Los ejemplos 6 y7 tampoco presenta resultados sobre el contenido de NAD y 
ATP en plantas de arroz y maiz, transformadas. Esto deja sin soporte el 
resultado de la invención sobre Ia tolerancia al estrØs en plantas heterologas a 
partir de eventos de transformaciOn con gen quimerico ParG. 

� Por otra parte, aunque la solicitud plantea que los constructos sentido y 
antisentidole ParG pueden ser usados en diferentes especies de plantas, 
distintas de especie de la cual se tomO la secuencia Para el constructo, a lo 
largo de la descripción no se evidencia los resultados obtenidos en este 
aspecto. Solo el ejemplo 5, tabla 2 muestra resultados de este tipo, Pero tales 
resultados son positivos y significantes solo Para una linea transgØnica, lo 
cual no permite Ilegar a una conclusion de la efectividad de la transformación 
sobre Ia tolerancia al estrØs Para todas las especies vegetales. 

De esta manera, la descripciOn presentada no cumple con los requisitos establecidos 
en el art, 28 de la DecisiOn 486. 

3.2. Reivindicaciones (articulo 30 0 486) 

El capItulo reivindicatorio presentado carece de concisiOn y claridad por cuÆnto: 

1) Hay inconsistencia entre el capitulo reivindicatorio y el descriptivo, puesto que 
las reivindicaciones estÆn dirigidas a mØtodos Para producir una tolerancia de 
la planta a las condiciones de estrØs donde estas plantas pueden ser 
cualquier especie del reino vegetal. Sin embargo, tal generalizaciOn carece de 
sustento puesto que en el capItulo descriptivo no hay resultados que 
muestren la efectividad del mØtodo aplicado en especies heterOlogas de 
manera tan amplia. 



2) La reivindicaciôn 4 menciona que el gen quimerico ademÆs incluye una region 
de ADN que codifica un ribosoma auto-empalmante entre dicha region de 
DNA que codifica dicha molØcula de RNA inhibitoria de ParC y dicha regiOn 
final 3’, esta region debe ser definida de manera clara indicando la secuencia 
de la misma (el No de la SEQ). 

De esta manera, el capItulo reivindicatorlo presentado no cumple con los requisitos 
establecidos en el art. 30 de la Decision 486. 

4. Excepción a  la patentabilidad (artIculo 20 D486 literal a) -d)) 

Teniendo en cuenta que las plantas, los animales y los procesos esencialmente 
biológicos para  la prod ucciôn de plantas o animales que no sean procedimientos no 
biolOgicos o microbiolOgicos, no se consideran patentables, la reivindicaciOn 7, no 
podia ser patentada. 

De esta manera y de acuerdo a lo establecido en el artIculo 20 de la Decision 486 el 
contenido de la citada reivindicaciOn deberÆ excluirse. 

S. Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 
Fecha de presentaciOn de la solicitud prioritaria 09/04/2003 

Teniendo en cuenta la fecha indicada s 
tØcnica de documentos relacionados con 
documentos mÆs relevantes: 

realizO la bUsqueda en el estado de la 
la solicitud encontrÆndose los siguientes 

No Documento Titulo Fecha de publicación 
Panda S., et.aI. "tel Defines a Role for Poly(ADP-

Dl Developmental Cell, Vol. 3, Ribosyl)ation in Establishing Period Length of Jul, 2002 
- 51-61, July, 2002. the Arabidopsis Circadian Oscillator"  

D2 2002/0040490 "Expressed sequences of Arabidopsis Abr, 2002 thaliana"  

Amor Y, et al. FEBS Letters, "The involvement of poly(ADP-ribose) 
D3

 

vol 440 (1998): 1-7 polymerase in the oxidative stress responses 1998 
in plants"  

Resumen de los documentos citados: 

Dl: En un screen genetico para periodo circadiano de longitud alterada en 
Arabidopsis, se aislO la mutaciOn tej la cual acta independientemente de la calidad y 
cantidad de Iuz. Este afecta la transcripciOn de genes controlada por reloj en 
Arabidopsis y afecta el tiempo de transiciOn fotoperiodo-dependiente de crecimiento 
vegetativo a florecimiento. 

D2: Se proveen composiciones de nucleOtidos aislados y secuencias para genes de 
Arabidopsis thallana. Se identifican homologo o genes relacionados de las 
secuencias nucleOtidas suministradas y se modulan la expresiOn o funciOn de su 
protelna codificada. 

D3: Segün la  severidad del estrØs oxidativo, las plantas pueden activartanto genes 
de protecciôn de la cØlula o de muerte celular programada (PCD). La poli-(ADP-



ribosa) polimerasa (PARP) ha sido implicada como una de las enzimas en la ruta de 
la apoptosis inducida por agentes que danan el ADN o inducida por estrØs oxidativo. 

6. AnÆlisis de patentabilidad (artIculo 14 D486) 

6.1. Novedad (artIcuIol6D486) 

La solicitud en estudio trata de un mØtodo para producir una planta tolerante a 
condiciones de estrØs que incluye los pasos de proveer a las cØlulas de las plantas 
con un gen quimØrico, regenerar una poblaciOn de lineas de plantas transgØnicas, 
identificar una Imnea de plantas tolerantes al estrØs. Los pasos detallados de este 
mØtodo se mencionan en la tabla 1. 

El documento de Amor Y, et.al. (D3) divulga la actividad del gen de Ia poli-(ADN-
ribosa) polimerasa en la activaciôn de la apoptosis cuando hay estrØs oxidativo, entre 
otros. Este documento prueba la actividad de esta enzima, transformando cØlulas de 
soya con un gen quimØrico de PARP, especificamente utilizando un cDNA del gen 
PARP para hacer RNA de interferencia sentido y antisentido (ver resu men). Con to 
anterior logran disminuir la expresiôn del gen PARP en las cØlulas transformadas y 
correlacionarlo con su tolerancia al estrØs oxidativo al modificar la activaciôn de  la 
ruta apoptôtica. 

Las caracterIsticas esenciales compartidas entre la solicitud y el documento D3 son 
evidentes en la tabla 1, donde se aprecia que el mØtodo probado, la molØcula de 
DNA con que se aplica y el objeto del mismo para establecer la tolerancia al estrØs 
en plantas es igual entre los dos documentos. 

Tabla 1. ComparaciOn de caracteristicas esenciales del mØtodo para producir plantas tolerantes a 
condiciones de estrØs de la solicitud y el documento D3 (Amor Y, eta!, 1998). 

Solicitud en estudio (RV I y 8) D3 
Metodo para producir una planta tolerante a Experimentos para conocer actividad PARP en 
condiciones de estrØs, que incluye: muerte celular inducida por estrØs oxidativo: 

a) proveer a las cØlulas de las plantas con un gen Transformar cØlulas de soya con un fragmento 
quimØrico, que comprende los siguientes que contiene los siguientes fragmentos (pªg 2, 
fragmentos: materiales 

y 

mØtodos): 
- un promotor que puede ser expresado en - promotor control que se expresa en plantas: 
plantas; 35S CaMV (pag 2 columna izq, Oltimo pÆrrafo) 
-region DNA de 21 a 100 nucleOtidos que codifica -segmento senticlo 

y 

antisentido de cDNA de app 
protelna SEQ No 1, 2 6 16, 6 por lo menos 21 a que proviene don pC3 (pÆg 2 columna izq, ültimo 
100 nucleOtidos de la SEQ nucleOtidos No 3,4, 15 pÆrrafo) 
o 23; -gen bacterial GUS como fusiOn traduccional de 
-region 3’ de terminaciOn de transcripciOn 

y app (pag 2 columna der, ler pÆrrafo) 
poliadenilaciOn  
b) regeneracion de una poblacion de lineas de Cultivo de cØlulas de soya transformadas (pag 2 
plantas transgenicas, y columna der, 2 pØrrafo) 
C) identificaciOn de una linea de plantas ldentificaciOn de cØlulas transformadas usando 
tolerantes al estrØs fijaciOn 

y 

tinciOn con X-gluc (pag 2 columna der, 2 
pärrafo) 

Debe resaltarse que tanto la solicitud como D3 utilizan el promotor el virus del 
mosaico del coliflor, conocido como CaMV 35S (ver folio 80 de la solicitud y pÆg 2 
columna izq, ültimo pÆrrafo de D3) 

TambiØn debe resaltarse que el documento D3 tiene como objeto probar la actividad 
del gen PARP dentro de la ruta de apoptosis celular inducida por estrØs oxidativo, es 
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decir relacionan la actividad del gen PARP y el control del mismo con la 
sobrevivencia de las plantas. 

Por tanto, las cØlulas transformadas con ParG, inclusive cØlulas heterólogas, asI 
como su mØtodo de producción, ya eran conocidas en el estado del arte por el 
documento D3 y por tanto, afecta la novedad de las reivindicaciones 1-9 de la 
solicitud, haciendo que esta incumpla el artIculo 16 de la D486. 

6.2. Nivel inventivo (articulo 18 D486) 

La solicitud en estudio trata sobre una tolerancia de la planta a las condiciones de 
estrØs, donde estas condiciones son preferentemente la sequla y las altas 
temperaturas. La tolerancia se logra a partir de la alteraciOn de la expresión del gen 
ParG, el cual transcribe la proteina poly ADP-ribosa deshidrogenasa. Se plantean 
varios mØtodos con los cuales se puede hacer la alteraciOn de la expresiOn de ParG 
a partir de la inhibición del RNA, usando co-supresiOn 6 RNA anti sentido, 
mencionado en las reivindicaciones 1-9 

El documento Dl, habia divulgado la relaciôn del gen ParG, especificamente de la 
Poly ADP-ribosilación con la alteraciOn del funcionamiento horarlo o reloj de 
transcripciOn de la planta, es decir que de este documento ya se sabla que la 
alteraciôn de ParG prod ucla la alteraciôn del ciclo circadiano en Arabidopsis thallana. 
Con esta funciôn tambiØn se divulgaba Ia relaciOn de este gen con la estructura y rol 
en la tolerancia al estrØs. 

La diferencia entre Dl y la solicitud en estudlo, es el mØtodo con el cual se logra la 
alteración o inhibición del gen ParG en la planta, puesto que en Dl se hace mediante 
mutagØnesis, mientras que la solicitud ademÆs plantea hacerlo por mØtodos de RNA 
de interferencia. 

Sin embargo, tales mØtodos muy conocidos en el campo tØcnico de la ingenieria 
genetica, ya hablan sido utilizados con el mismo propOsito en el documento US 
2002/0040490, el cual especificamente divulga la secuencia del ParG deArabidopsis 
thaliana, en la secuencia No 550 (con 100% identidad con la SEQ N°15 de la 
solicitud y 99.9% identidad con la SEQ No 3 de la solicitud), la cual es inhibida por 
RNA anti-sentido, co-supresiOn, dsRNAi (pag 34, Ilneas 23-29). 

Como se observa, a partir de la informaciôn divulgada en Dl y D2, un tØcnico 
versado en la materia conocia la funciOn y tolerancia al estrØs lograda por la 
alteriaciôn del gen ParG, asi como los mØtodos con los cuales podria lograr tal 
inhibiciOn. As[ pod na desarrollar la invenciOn de la solicitud tal como esta planteada 
en la misma. 

De esta manera, el desarrollo reclamado se deriva evidentemente del estado de la 
tØcnica y por lo tanto carece de actividad inventiva. 

7. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi: 



No  Documento NO Reivindcaciones afectadas Reguisito que afecta 
Panda S., et.aI. 

Dl Developmental Cell, Vol. 3, 1-9 Nivel inventivo 
51-61, July, _2002,  

D2 US2002/0040490 1-9 Nivelinventivo 

D 3: Amor Y, etal. FEBS Letters, 1-9 Novedad vol _440_(1998):_1-7  

En cumplimiento del articulo 45 de la Decision 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dIas contados 
a partir de la fecha de notificaciôn de la presente comunicaciOn. En caso de no dar 
respuesta al presente requerimiento, 0 si a pesar de la respuesta subsistieran los 
impedimentos para la concesiOn, se denegara la patente. 

Notifiquese el presente oficio conforme a 10 dispuesto en el numeral 5.2, literal e), del 
capItulo quinto del titulo primero de la Circular Unica NO 10 de 2001. 

ALIX CESPES DE VEGEL 
Directora dØJuevas Creciones (C) 

El anterior requerimiento fue notificado por fijaciOn en lista, de fecha 

I 

CONCEPTO TECNICO No, EXAMINADOR TECNICO 
3720 COdigo No.202052 


