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CHANGES IN PEROXIDASE AND POLYPEPTIDE PROFILES IN Nicotiana tabacum L.
TRANSFORMED WITH Agrobacterium rhizogenes

MUDANCAS NOS PERFIS DE PEROXIDASE E POLIPEPTIDEOS EM Nicotiana tabacum L.
TRANSFORMADA COM Agrobacterium rhizogenes

Sergio Echeverrigaray’

SUMMARY

Morphological and proteic modifications 1n
Nicotiana tabacum L. transformed by Agrobacterium
rhizogenes were evaluated by the comparison of normal and
transformant plants regenerated from hairy-roots formed by
the strains A4 or IB-642 of A. rhizogenes. Changes 1n
apical dominance were observed in IB-642 transformants,
which exhibited an abnormal development of axillary buds.
The electrophoretic analysis 1ndicated an increase in
peroxidase activity and the induction of several 1sozymes of
this complex in the transformants. The SDS-PAGE patterns
comparison allows to identify several changes, specially, the
increase 1n 31-33 and 54 kD polypeptides i the
transformants. Biochemical analysis suggests the induction
of a pathogen or stress like response of the transtormants
due to the high auxin concentration codified by A.
rhizogenes T-DNA incorporated to the plant genome.
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RESUMO

Modificacdes morfologicas e protéicas em trans-
formantes de Nicotiana tabacum L. com Agrobacterium
rhizogenes foram avaliadas através da comparagdo de plan-
tas normais ¢ transformantes regeneradas a partir de raizes
pilosas formadas pelas linhagens A4 ou 1B-642. Mudangas
na dominéncia apical foram observadas em transformantes
com IB-642, os quais exibiram um desenvolvimento anor-
mal dos brotos axilares. As anélises eletroforéticas mostra-
ram um aumento na atividade de peroxidase e indugdo de
vérias isoenzimas deste complexo nos transformantes. A
comparagio dos perfis de SDS-PAGE permitiu identificar
véarias modificacoes, especialmente, o aumento dos polipep-
tidios de 31-33 e de 54 kD nos transformantes. As analises
bioquimicas sugerem a indugdo de uma resposta do tipo
patégeno ou estresse devida a alta concentragao de auxina
codificada pelo T-DNA de A. rhizogenes incorporado ao
genoma.

Palavras-chave: transformac¢io genética, Agrobacterium
rhizogenes, Nicotiana tabacum, analise
eletroforética.
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INTRODUCTION

Agrobacterium rhizogenes is known to cause
hairy-roots disease in many dicotyledoneous plants. This
specie 1s closely related to the oncogenic Agrobacterium
tumefaciens by both physiological and DNA homology
criteria (HUFFMAN et al., 1984). Both species harbour high
molecular weigth DNA plasmids, known as Ri and Ti
plasmuds respectively, which are responsable for the
virulence behavior and the morphological and chimical
changes on the infected tissues. During the infective process
part of the plasmid is replicated and transferred to the host
cell. In A. rhizogenes the T-DNA, that in many cases can
be found in two non-contigupus sequences (TL and TR),
harbours genes which are responsables for the production of
indolacetic acid and for the synthesis of opines, mainly
agropine and/or mannopine. When transferred to the host
cell, the T-region is stably integrated in the plant genome,
stimulating the synthesis of IAA which promotes the
difterenciation to hairy-roots (BINNS & THOMASHOW,
1988).

Difterent phenotypes have been described in
plants regenerated from a single root culture (TEPFER &
CASSE-DELBART, 1987). The typical transformed (T)
phenotype have moderately wrinkled leaves and are
somewhat shorter than normal plants. The response of the
cells to the T-DNA expression can be complex, the ultimate
phenotype being determined not only by the transfer of the
T-DNA but mainly by the plant cells response to the
hormonal changes (PENGELLY et al., 1986). In the present
study we report the changes in izozymes and polypeptides
in Nicotiana tabacum transformed plants obtained by the

regeneration of A. rhizogenes induced hairy-roots.

MATERIAL AND METHODS

Two strains of Agrobacterium rhizogenes were
used to transform Nicotiana tabacum lecaf fragments: A4
(kindly supplied by Dr. M. Tepter, INRA-Versailles,
France) and IB-642 (obtained from the Biological Institute
of Sdo Paulo, Brazil). The leaves of tobacco plants grown
In vitro on 172 MS medium (MURASHIGE & SKOOG,
1962), were cut into 2cm fragments and transferred upside
down to Petri dishes containing MS medium. A bacterial
inoculum obtained by overnight culture of the strains on
MY A medium (TEPFER & CASSE-DELBART, 1987), was
used to inoculate the leaf fragments. After three days
incubation at 25°C, the fragments were transferred to a new
MS medium supplemented with 500mg/1 of cefotaxine, and
maintained at 25°C with a day length of 16 hours for 20 to

30 days. The hairy-roots formed from the incisions on the
leat fragments were subsequently transferred at 15 day
intervals to fresh MS agar plates with cefotaxime, being
incubated at 25°C in the dark. After three replicates the
roots were transterred to MS medium without antibiotic and
sumbitted to a 18 hours photoperiod at 25°C to stimulate
plant regeneration. The transformant condition of the
regenerated plants was confirmed by the electrophoretic
evaluation of agropine and mannopine by the method
reported by TEPFER & TEMPE (1981).

The samples used for the electrophoretic analysis
of proteins and isozymes were obtained by the
homogeneization of 1 gram of leaves in 50mM Tris-HCI,
pH 8.0 buffer at 4°C and centrifugation at 10000xg for 5
mimutes. For total proteins analysis the samples were
concentrated 10 times after precipitation with 2 vol. acetone
(-20°C) for 2h. The electrophoretic separations were made
by the methods of DAVIS (1964) for isozymes and
LAEMMLI (1970) for SDS-PAGE polypeptides analysis.
The SDS-PAGE (12%) gels were scanned with a Tecnow
ARGOS-7 densitimeter at 567nm to compare the relative

intensity of the bands previously developed with Coomassie
Brilliant Blue R-250.

RESULTS AND DISCUSSION

According to the procedures all the leaf fragments
moculated either with A. rhizogenes A4 or 1B-642,
developed hairy-roots after 20 days. The frequency of root
induction was higher for the IB-642 strain. Roots grew
rapidely when transferred to the MS medium with
cefotaxine, giving in the sequence spontaneous regenerant
plants. The higher regeneration was obtained from hairy-
roots induced by IB-642. All the regenerated plants
exhibited agropine production and were confirmed as real
transtormants. Those transformants which did not showed
bacterial contamination were used for the subsequent studies
in order to avoid possible confusion between effects due to
the presence of the T-DNA region and those induced by the
presence of the bacteria. When grown under normal
conditions, the transformed plants exhibited the typical
wrinkled leaves previously reported by TEPFER & CASSE-
DELBART (1987) on A. rhizogenes transformed plants. In
the case of transformants produced with IB-642 it was also
observed the abnormal development of axillary buds, several
of which grow until the production of seeds, giving to the
plants a typical aspect (Figure 1). This phenotype is
probably due to higher auxin induction by the IB-642 T-
DNA region incorporated in the plant genome, in an
analogous situation to that reported by AMASINO &
MILLER (1982).



Figure 1. Initial stage in the development of axillary buds in IB-642 transformed plants (right) exhibiting the

wrinkled leaf phenotype and normal plant (left) phenotype.
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Qualitative variations were
observed between the peroxidase
patterns of the normal and
transformant plants (Figure 2). The
transformants showed an increase n
the number of bands which was
accompained by an increase in total
peroxidase activity. The comparison
between the polypeptide patterns
(SDS-PAGE) of normal and
transformant plants showed
quantitative differences (Figure 2
and Table 1), specially at the bands

with apparent molecular weights of

54, 33 and 31kD. Those bands have
de same molecular weight of the

quitinase and glucanase polipeptides
reported by MAUCH & STARHLIN
(1989). The variations in peroxidase
and in polypeptide profiles indicate
a stress like response of the plant to
the presence of T-DNA or to one of
its products.

At despite of the morpho-
logical variations observed between
transformants induced by A4 and
[B-642, we could not detect quali-
tative or quantitative differences n
their esterase, peroxidase and poly-
peptide profiles (Figure 2 and 3).

Table 1. Average relative concentration of SDS-PAGE bands of the leaf
extracts profiles from transformants and original plants.

BAND No. MW(D) 642 ORI A4
1 98200 3.63 4.09 324
2 86900 127 1.51 1.25
3 85000 297 3.99 2.99
4 75200 1.51 291 1.25
5 71100 6.15 6.14 599
6 69600 0.00 3.77 0.00
7 62900 3.05 2.69 224
8 59500 3.14 3.02 324
9 56300 429 3.13 3.99

10 53900 8.52 6.57 8.73

11 52100 435 7.11 5.99

12 46100 4.65 5.82 499

13 43600 423 4.74 5.49 -
14 41700 6.10 6.25 5.49

15 40300 5.68 6.47 5.74

16 38100 6.16 6.36 623

17 32600 6.34 4.85 6.48

18 31600 8.05 3.88 823

19 26400 6.00 5.93 594

20 24200 3.81 431 4.49

21 23400 3.50 323 3.99

°p) 77100 3 87 393 4.04 Figure 2. Esterase (A) and peroxidase (B) profiles of Nicotiana leaf extrats

from A. rhizogenes transformed and normal plants. a-IB-642
transformants, b - nornal plant, ¢ - A4 transformants.
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Figure 3. SDS-PAGE celectrophoretic profiles of N. tabacum leaves from

IB-642 transformed plants (a,b.c), non transformed plants (d) and
A4 transformed plants (e).

REFERENCES

AMASINO, RM., MILLER, C.O. Hormonal control of tobacco tumor
morphology. Plant Physiol, v. 69, p. 389-392, 1982.

BINNS, A.N., THOMASHOW, MF. Cell biology of Agrobacterium
infection and transformation of plants. Ann Rev Microbiol, v. 42, p.

575-606, 1988.

DAVIS, B.J. Disc electrophoresis II. Method and application to human
serum proteins. Ann N Y Acad Sci, v. 121, p. 404-427, 1964.

HUFFMAN, G.A., WHITE, FF.,, GORDON, MP,, et al. Hairy root
inducing plasmid: physical map and homology to tumor inducing
plasmids. J Bacteriology, v. 157, p. 269-276, 1984,

LAEMMLI, UK. Cleavage of structural proteins during the assembly to
the head of bacteriophage T4. Nature, v. 227, p. 680-685, 1970.

MAUCH.F., STARHELIN, L.A. Functional implications of the subcellular
localization of Ethylene-induced chitinase and beta-1,3-glucanase in bean

leaves. The Plant Cell, v. 1, p. 447-457, 1989,

PENGELLY, W.L. VDAYARGHAVAN, S.J, SCIAKY, D. Neoplastic

progression in crown gall in tobacco without eclevated auxin levels.
Planta, v. 169, p. 454-461, 1986.

TEPFER. D., TEMPE, J. Production d’agropine par des racines formées
sous 1"action d"Agrobacterium rhizogenes, souche A4. Compte Rendus

de I’Academie de Sciences, Paris, v. 293 p. 153-156, 1981.

TEPFER. M., CASSE-DELBART, C. Agrobacterium rhizogenes as a
vector for the transforming higher plants. Microbiol Sci, v. 4, p. 21-28,

1987.



	229.gif
	230.gif
	231.gif
	232.gif

