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ABSTRACT.-The endogenous polyamine (Pas) content of free and bound-acid soluble fractions was assessed in
the epiphyte Bonnemaisonia hamifera under the presence of its host Gelidium arbuscula and of extracts obtained
from G. arbuscula and from G. robustum. In the presence of fresh thalli of G. arbuscula the free putrescine (PUT)
content decreased (P < 0.05), while spermine and spermidine (SPD) showed a slightly increased concentration.
The content of free PUT also decreased in all treatments with the different extracts and the dose. Bound-soluble
PAs showed a different trend, particularly with the highest dose of ethanolic extract of G. robustum, PUT and
SPD bound-soluble PA content increased significantly. Based on our results we infer that PAs are involved in the
epiphytic relationship between macroalgae, and that PUT produces the greatest response of B. hamifera in the
interaction with host and its extracts. The potential causes of its variation and its use for the production of second-
ary metabolites are discussed.
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Respuesta de una poliamina endégena en el alga epifita Bonnemaisonia hamifera
(Bonnemaisoniales: Rhodophyta) debido a interacciones con su hospedero

RESUMEN .- Se evalu¢ el contenido endégeno de poliaminas, tanto de la fraccion libre como de la conjugada-
acido soluble en la macroalga epifita Bonnemaisonia hamifera en presencia de su hospedero Gelidium arbuscula
y de extractos obtenidos de G. arbuscula y G. robustum. En presencia de talos vivos de G. arbuscula, el contenido
de putrescina libre disminuy6 (P < 0.05) y la espermina y espermidina tuvieron un ligero incremento sin diferencia
significativa. En los tratamientos con los distintos extractos y dosis, el contenido de putrescina libre también dis-
minuy6. La fraccion de poliaminas conjugadas mostré una tendencia diferente, particularmente con la dosis mas
alta del extracto etandlico de G. robustum donde putrescina y espermidina conjugadas-solubles se incrementaron
significativamente. Los resultados obtenidos sugieren que las poliaminas juegan un papel en el establecimiento
de las relaciones epifito-hospedero, y que la putrescina es la que presenta la mayor respuesta en B. hamifera en
la interaccion con su hospedero y en presencia de los extractos. Se discute la variacion de las poliaminas y las
posibles causas
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INTRODUCTION

Seaweeds and many other marine organisms are
under strong biotic and abiotic interactions due to
the changing nature of their environment. The ef-
fects of environmental factors as light and nutrients
availability on the secondary metabolism of sea-
weeds have been extensively studied, particularly in
the production of polyphenols (Paul & Van Alstyne,
1992; Cronin & Hay, 1996a; 1996b; Puglisi & Paul,
1996; Pavia et al., 1997; Pavia & Toth, 2000; Swan-
son & Druehl, 2002; Pansch et al., 2009). Biotic re-
lationships are as important as the abiotic ones. Her-
bivorism and epiphytism can be considered natural
enemies of terrestrial plants and seaweeds. These
interactions create stressful conditions that probably
have played a key role in the natural selection of
these organisms (Bakus 1971). There are metabolic
and proteomic markers that are used to measure
said stress (Shulaev & Oliver, 2006). Endogenous
polyamines (PAs) have been used for many years as
stress indicators related to ecological relationships.
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This is due to the diverse functions that PAs play
in plant metabolism, where free putrescine (PUT),
spermidine (SPD), and spermine SPM are the most
important PAs found in living beings (Groppa &
Benavides, 2008). In free form the PAs are posi-
tive charged, and they react with negatively charged
molecules such as DNA, RNA, proteins and phos-
pholipids. Therefore PAs are involved in the regu-
lation of the physical and chemical properties of
membranes and the structure of nucleic acids, and
enzymatic activity (Galston & Sawhney, 1990; Ti-
burcio et al., 1993; Bachrach, 2010). Currently in
terrestrial plants there are a many investigations
where the correlation between the change in the en-
dogenous PA content under different environmental
abiotic stress sources is reported, such as osmotic
stress and drought, heat, chilling, oxidative stress,
hypoxia, ozone, UV radiation, nutrients, mechani-
cal wounding, heavy metal toxicity and herbicides
(Alcazar et al., 2006; 2010; Liu ef al., 2007; Groppa
& Benavides 2008; Kusano ef al., 2008). Also, in bi-
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otic relationships, PAs are involved in the establish-
ment of simbiotic relationships with fungus (Bais
et al. 2000; Niemi ef al., 2007; Cheng ef al. 2012),
in response to viral infections (Belles et al., 1993;
Yoda et al., 2009; Sagor et al., 2013) and with other
plants in cell cultures (Cvikrova ef al. 2008).

Polyamine related research on macroalgae is
far from what it has been achieved with terrestrial
plants. There are reports of their physiological role
as growth regulators (Garcia-Jiménez et al., 1998;
Cohen et al., 1984; Marian et al., 2000), the repro-
ductive implications in the development and matu-
ration of the cystocarp and sporulation (Guzman-
Uribstegui et al., 2002; Sacramento et al., 2004),
and the stress response caused by abiotic factors
such as salinity in Grateloupia doryphora (Garcia-
Jiménez et al., 2007) and Ulva fasciata (Lee 1998;).
More recently it was reported that PAs in Ecklonia
maxima have a seasonal variation, with maximum
values during periods of stress caused by high wave
activity (Papenfus et al., 2012). In addition to the
direct participation of PAs in the stress response, the
PAs are precursors of a wide variety of alkaloids and
are related with other metabolic pathways. For ex-
ample, PUT is the precursor of pyrrolidine, tropane
and calystegines alkaloids (Ghosh 2000; Kumar et
al., 2006; Bhattacharya & Rajam,2007). Spermi-
dine and PUT are also important precursors for the
production of lunarine and pyrrolizidine alkaloids
(Graser & Hartmann, 2000; Bhattacharya & Rajam,
2007). These types of PAs derivatives have medical
applications, and have increased the interest on bio-
technological investigation.

Epiphytism is a common phenomenon in mac-
roalgal communities. However, the chemical re-
sponse in biotic interactions between host and epi-
phyte has been scarcely investigated. We are also in-
terested in determining if PAs are involved in biotic
relationships in macroalgae, in order to get a better
understanding of the factors that affect their endog-
enous content. Thus, we also expect that PAs can
be used as stress markers in epiphytic relationships.
This is the case of the association between the epi-
phytic red algae Bonnemaisonia hamifera P. Hariot
(Bonnemaisoniales: Rhodophyta) a small filamen-
tous alga in sporophytic phase that can be found
living in most of the samples of its host Gelidium
arbuscula (Bory de Saint-Vincent ex Bergesen). In
this research, we studied the alteration in PAs levels
of B. hamifera when cultivated in the presence of
fresh thalli of G. arbuscula, and with extracts from
this alga and from Gelidium robustum.

MATERIALS AND METHODS

Seaweed Collection and Culture. Both G. ar-
buscula and B. hamifera (Fig. 1) were collected
from a rocky, intertidal shore during low tide in
Las Palmas de Gran Canaria, Spain. Samples were
stored in plastic bags and immediately transported
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to the laboratory where the host G. arbuscula and
its epiphyte B. hamifera were separated. Samples
of G. robustum for the extraction were collected in
the Pacific coast of the Baja California peninsula,
México. Samples were sun dried and transported in
plastic bags.

The ethanolic extracts were obtained from the
alga G. arbuscula and the non-native macroalgae
G. robustum. The algae were dried and milled and
soaked with ethanol 100%. The ethanol was then fil-
trated and replaced with new ethanol every 3 days
three times. The extracts were concentrated to dry-
ness at 40° C and low pressure in a rota-evaporator
(Yamato re500)

Sporophyte stock cultures of B. hamifer were
established from filaments excised from the thallus
of collected G. arbuscula. The epiphyte B. ham-
ifera was cultivated in the laboratory in IMR culture
medium (Paasche et al., 1996). The stock cultures
were maintained in the laboratory at 224+2°C, and
18:6 light:dark photoperiod for up to two months,
until enough samples were obtained to carry out the
experiments. Treatments designed for this assay are
described in table 1. The assays had a duration of 48
h, 3 plates per treatment, and were maintained in the
conditions described above. However, G. arbuscula
could not be cultivated; thus, fresh thalli were col-
lected one day before the beginning of the experi-
ment.

Polyamine Analysis. The extraction method
used was the same as in Sacramento et al. (2004),
but with a modification in the weight of the sample,
because of the small amount available of B. ham-
ifera. The extract was dissolved again in 0.5 mL of
acetonitrile.

In short, for the extraction, samples (25-30 mg)
were powdered in a mortar with liquid nitrogen and
then added 1.5 mL of 5% percloric acid (PCA), and
pounded in the mortar until a homogeneous paste
was obtained. This was centrifuged at 9000 g for 20
minutes at 6° C. The supernatant was divided into
two parts: one to measure free acid-soluble PAs (260
uL), which was frozen for further dansylation, while
the other portion was used to determine the bound
acid-soluble PAs (300 pL) after it was digested in
sealed vials, using 300 pL of HCI (12 M, HPLC
grade) overnight at 100° C. The samples were then
filtered, vacuum dried, and re-dissolved in 260 pL
of 5% PCA.

Both free and bound-soluble PAs samples were
dansylated following the following method. Briefly,
40 pL of diamino heptane (HTD, 0.05 mM) was
added as internal control of dansylation, plus 200
uL of a saturated solution of sodium carbonate (Na-
,CO,), and 400 uL of dansyl chloride (5 mg mL", in
acetone). It was then incubated overnight in the dark
and at room temperature (24° C +3). Then, 100 pL
of proline (100 mg mL"!, in water) were added to re-
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Figure 1.- Bonnemaisonia hamifera and Gelidium arbuscula in culture plates. A) Amount of thalli of B. hamifera used for
all treatments (25-30 mg); B). Amount of fronds of G. arbuscula (around 300 mg) used for the treatments with B. hamifera;
C) Both algae together for the treatment; D) Morphology of B. hamifera showing filament cells and vesicles.

move the dansyl chloride excess. Finally, 500 pL of
toluene was added and mixed in a vortex. Then 400
pL of the upper decanted phase were vacuum dried
and re-dissolved in acetonitrile. All samples were
filtered with syringe filters of 0.45 pm membrane
before HPLC analysis.

Chromatographic analysis was carried out in a
Varian system integrated by a fluorescence detector

(Varian ProStar 363) at 365 (excitation) and 510 nm
(emission), a 5 um reverse phase column (Varian
C-18), auto sampler (Varian ProStar 410) and pump
(Varian 9002). Solvents used were (A) acetonitrile
and (B) water. The elution protocol was as follows:
0-3 min, 70% of A; 3-12 min, 100% of A; 12-20
min, 70% of A. The flow rate was 1 mL min! and
the injection volume was 20 puL. The approximate
retention times for the polyamines under these con-

Table 1. Treatments and controls for the experiment

Treatments Description

IMR B. hamifera in IMR medium (control)

LGA B. hamifera in IMR with live G. arbuscula

GRI1 B. hamifera in IMR with G. robustum ethanolic extract [0.01 mg mL"!]
GRO.5 B. hamifera in IMR with G. robustum ethanolic extract [0.005 mg mL"]
GAl B. hamifera in IMR with G. arbuscula ethanolic extract [0.01 mg mL™']
GAO0.5 B. hamifera in IMR with G. arbuscula ethanolic extract [0.005 mg mL™']
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ditions were as follows: PUT-7.1 min, SPD-8.1 min,
SPM-9.4, and the internal control HTD-7.8 min.

Statistical Analysis. Values were subjected to
one way ANOVA or Kruskal-Wallis test, depend-
ing on whether the data showed normality and ho-
moscedasticity. Post-hoc analysis was applied in
case of a significant difference among treatments; a
Tukey test was carried out with ANOVA, and with a
one to one comparison using the Mann-Whitney U
for Kruskal-Wallis.

RESULTS

In the presence of live G. arbuscula (LGA; Fig.
2), the free-soluble PUT in B. hamifera showed a
significant decrease (P < 0.05), while SPM and SPD
had a slight increase compared with the control
(IMR). —Statistical significance was observed for
SPM (P < 0.05)—. Bound-soluble PAs showed no
significant differences.

Significant differences between treatments with
extracts and control were found. Free PUT had a de-
crease of over 90% in treatments GR0.5, GA1 and
GAO0.5 (P < 0.05), and SPD of about 80% in these
same treatments. While in GR1 treatment SPD in-
creased three times its content (P < 0.05). Figure 3A
shows the difference in PUT and SPD (P < 0.05) be-
tween GR1 treatment and the others.

In the bound-soluble fraction (Fig 3B) only the
GRI treatment had a significant increase (P < 0.05)
in PUT and SPD in relation to all other treatments
and control.

DISCUSSION

Endogenous content of PAs varies greatly
among species. In vascular plants PA content is high,
ranging from 0.01 to 9 pmol g! fresh weight (fw)
for PUT, from 0.006 to 1.72 umol g fw for SPD,
and from 0.005 to 0.74 pmol g' fw for SPM (Alt-
man, 1989). In macroalgae there is a large variation
among species (Table 2). Endogenous content of PAs
in B. hamifera was in this order PUT>SPD>SPM
which coincide with the overall trend observed for
macroalgae and vascular plants and its values were
within the range described above.

The results suggest that B. hamifera “senses”
the presence of living Gelidium or even its extracts.
In this regard, in terrestrial plants the typical re-
sponse to external factors, mainly abiotic, is by in-
creasing the endogenous content of PAs, which is
considered a resistance characteristic (Alcazar et
al., 2010; Groppa & Benavides, 2008). The impor-
tance of PAs in this process is such that in stressed
plants the PUT content may represent up to 1.2%
dry weight, which is equivalent to 20% of the total
nitrogen content (Galston & Sawhney, 1990). While
in the opposite case, the decrease in the PAs content
suggests sensitivity to the stress factor.
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Figure 2.- Concentrations of free and bound-soluble PAs of
B onnemaisonia hamifera (control, IMR) ad cultured in the
presence of live Gelidium arbuscula (LGA). Data correspond
to three replicates and are represented as mean (+SE). PUT-
white, SPD- gray, SPM-dark. Different letters show signifi-
cant differences between treatments in each PA according to
the statistical and post-hoc tests (P < 0.05). Treatments are
described in Table 1.
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Figure 3.- Concentrations of endogenous PAs of B onnemai-
sonia hamifera in the treatments with extracts. Mean values
(+SE). A) Free-soluble PAs content; B) Bound-soluble frac-
tion; PUT- white, SPD- gray; SPM-dark. Different letters
show significant differences between treatments in each PA
by the statistical and post-hoc tests (P < 0.05).
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For macroalgae it has been reported that PA re-
sponse under saline conditions is based on the accu-
mulation of the free fraction of PUT, SPD and SPM
(Lee, 1998; Garcia-Jiménez et al., 2007) which cor-
relates with a decrease in transglutaminase activity
and the increase of arginine decarboxylase activity
in a salt-tolerant macroalgae (Garcia-Jiménez ef al.,
2007). While in terrestrial plants, this topic was stud-
ied extensively considering mainly environmental
factors, such as drought, salinity, temperature, min-
eral nutrition, wounding, UV treatment, metal, and
oxidative and osmotic stress. All these are shown
in tolerant plants in which the induced over expres-
sion and silencing of genes for PA biosynthetic en-
zymes are common (Basu & Ghosh, 1991; Groppa
& Benavides, 2008; Alcazar ef al., 2010). The plant
response will depend on the particular species,
therefore it is not possible to generalize or predict
the PAs variation, but what it can be expected is that
PUT are responsible of short term stress responses
and that may occur in a lapse of hours. However,
the action mechanism of the stress response is still
unclear (Lefévre et al., 2001; Zacchini & de Agazio,
2004; Bassard et al., 2010).

The epiphyte B. hamifera senses the presence of
live Gelidium and reacts by decreasing significantly
the PUT content after 48 h. For vascular plants it
was reported that a decrease in PUT levels is regu-
lated by elevated levels of ethylene (Kumar ef al.,
1996), and osmotic stress due to saline conditions
(El-Shintinawy, 2000; Zapata et al., 2004; Tang et
al., 2007). The decrease in PUT content may be
caused by: a) an increase in the catabolic degrada-
tion or excretion; b) the use of PUT for the produc-
tion of secondary metabolites; c) an increase in the
synthesis of SPD; d) conjugation of free PUT with
other cellular compounds (bound-soluble); e) a de-

crease in di novo synthesis. This raises the question,
where is the free PUT going?

Regarding option c, only the GR1 treatment
showed an increase of SPD, although this was not
significant (P » 0.05). Regarding option d, four treat-
ments showed values close to the control without
a significant difference (P » 0.05). Therefore, these
two options are unlikely. Moreover, in terrestrial
plants it is reported that PAs derivatives are in-
volved in the establishment of biotic relationships
with fungus (Bais et al., 2000; Niemi et al., 2007;
Nogales et al., 2009; Cheng et al., 2012), viral infec-
tions (Belles et al., 1993; Yoda et al., 2009; Sagor
et al., 2013), and with other plants in cell suspen-
sion cultures (Cvikrova ef al., 2008). For example,
with viral infections, PAs can be used as a source
of hydrogen peroxide, catalyzed by diamine and PA
oxidases (Yoda et al., 2003; 2009). It has also been
reported that the addition of fungal elicitors (culture
filtrates) promotes the production of coumarines, by
modifying the endogenous content of PAs (Bais et
al., 2000), with PUT closely involved in this pro-
cess (Bais et al., 1999). Phenolamides are other PA
derivatives that form a large class of secondary me-
tabolites in plants, and they are considered as a link
between phenolic and nitrogen metabolism (Morant
et al., 2007; Bassard et al., 2010).

Regarding the ecological role of phenolamides,
they are part of a defensive strategy against plant
pathogens (Martin-Tanguy, 1985; von Rdpenack et
al., 1998), or an insect deterrence activity (Tebayashi
et al., 2007), and are involved in the plant response
to abiotic stress, because of their antioxidant and
radical scavenging activity due to the nature of its
phenolic and PA constituents (Edreva et al., 2007).

The differences between extracts suggest that

Table 2. Endogenous PA content (umol g-1 fresh weight) reported in other studies for marine macroalgae and in the present

study (modified from Guzman-Uriostegui ef al., 2003)

PUT SPD SPM
Free BS Free BS Free BS

Ulva reticulata 1.36 0.13 0.10 0.05 0.014 0.006
Ulva lactuca 1.36 0.51 0.15 0.01 0.014 0.001
Ulva fasciata 0.25 0.25 0.03 0.09 0.019 0.001
Chaetomorpha crassa 0.47 0.68 0.04 0.017 0.029 0.008
Valoniopsis pachynema 0.56 0.22 0.11 0.13 0.004 0.003
Dictyota dichotoma 10.43 - 0.015 - 0.005 -
Gelidium canariensis 17 - 0.02 - 0.044 -
Grateloupia doryphora 7.94 - 0.03 - 0.014 -
Gracilaria cornea 4.42 3 0.01 0.008 0.018 0.006
Ecklonia maxima 0.68 - - - 0.148 -
Bonnemaisonia hamifera 0.06+0.03 0.03+0.001 0.01+0.001 0.004+0.001 0.008+0.002 0.01+0.003




the addition of the nonnative G. robustum extract
induces a singular response. The higher dose was
significantly different from all others, suggesting
that B. hamifera response to this extract is dose-de-
pendent. The research on the chemistry of Gelidium
species resulted in only one report on secondary
metabolites, the gelidene, a cyclic polychlorinated
monoterpen isolated from G. sesquipedale (Aazizi
et al., 1989) but nothing is known about its bio-
logical activity. Additional and recent information
obtained by our research group with different chro-
matographic methods (unpublished data), suggests
that terpenoids are an important part of G. robustum
extracts.

Our study indicates that the epiphytic relation-
ship between macroalgae affect the production of
PAs and mostly free PUT. This biotic interaction
could be considered as an important source of stress,
according to studies conducted on the endogenous
content of PAs. As reported for terrestrial plants, we
also found that in macroalgae PUT is the respon-
sible for the short term stress response. These results
generate many other questions and show the need
of further investigation. For example, studying the
activation of PA biosynthetic enzymes and genes
in response to the stress, could help to explain the
mechanisms in which the endogenous PAs fluctu-
ate. We also suggest doing research on the possible
effect of Gelidium extracts in the production of PA
derivatives by B. hamifera.

ACKNOWLEDGMENTS

This work was financed by the Ministerio de
Economia y Competitividad-Plan Nacional Espaiiol
de Ciencia y Tecnologia (BFU2010-17248). Mario
Vergara acknowledges the support of CONACYT
scholarship for PhD Program. JIMA thanks the In-
stituto Politécnico Nacional, COFAA, and Secre-
taria de Investigacion y Posgrado for their support.

REFERENCES

Aazizi, M.A., G.M. Assef & R Faure. 1989. Geli-
dene, a new polyhalogenated monocyclic
monoterpen from the red marine algae Gelidium
sesquipedale. J. Nat. Prod., 52: 829-831.
https://doi.org/10.1021/np50064a026

Alcazar, R., F. Marco, J.C. Cuevas, M. Patron, A.
Fernando, P. Carrasco, A.F. Tiburcio & T. Alta-
bella. 2006. Involvement of polyamines in plant
response to abiotic stress. Biotechnol. Lett. 28:

1867-1876.
https://doi.org/10.1007/s10529-006-9179-3

Alcazar, R., T. Altabella, F. Marco, C. Bortolotti, M.
Reymond, C. Konez, P. Carrasco & A Tiburcio.
2010. Polyamines: molecules with regulatory
functions in plant abiotic stress tolerance. Plan-
ta. 231: 1237-1249.
https://doi.org/10.1007/s00425-010-1130-0

Altman, A. 1989. Polyamines and plant hormones.
121-145, In: Bachrach U, Heimer YM (eds),

VERGARA-RODARTE et al.

The physiology of polyamines, CRC Press, Boca
Raton.

Bachrach, U. 2010. The early history of polyamine
research. Plant Physiol. Biochem., 48: 490-495.
https://doi.org/10.1016/j.plaphy.2010.02.003

Bais, H.P.,, G. Sudha & G.A. Ravishankar. 1999.
Putrescine influences growth and production
of coumarines in hairy root cultures of witloof
chicory (Cichorium intybus L. cv. Lucknow Lo-
cal). J. Plant Growth Regul., 18: 159-165.
https://doi.org/10.1007/PL00007064

Bais, H.P,, S. Govindaswamy & G.A. Ravishankar.
2000. Enhancement of growth and coumarine
production in hairy root cultures of witloof
chicory (Cichorium intybus L. cv. Lucknow Lo-
cal) under the influence of fungal elicitors. J.
Biosci. Bioeng., 90: 648-653.
https://doi.org/10.1016/S1389-1723(00)90011-2

Bakus, G.J. 1971. An ecological hypothesis for the
evolution of toxicity in marine organisms. 57-
62, in: de Vries & A. Kochva (Eds). Toxins of
animal and plant origin. Gordon and Breach.
New York.

Bassard, J.E., P. Ullmann, F. Bernier & D. Werk-
Reichhart. 2010. Phenolamides: Bridging poly-
amines to the phenolic metabolism. Phytochem-
istry, 71: 1808-1824.
https://doi.org/10.1016/j.phytochem.2010.08.003

Basu, R., & B. Ghosh. 1991. Polyamines in various
rice genotypes with respect to NaCl salinity.
Physiol. Plant. 82: 575-581.
https://doi.org/10.1034/1.1399-3054.1991.820414.x

Belles, J.M., M.A. Pérez-Amador, J. Carbonell & V.
Congjero. 1993. Correlation between ornithine
decarboxylase and putrescine in tomato plants
infected by citrus exocortis viroid or treated
with ethephon. Plant Physiol., 102: 933-937.
https://doi.org/10.1104/pp.102.3.933

Bhattacharya, E. & M.V. Rajam. 2007. Polyamine
biosynthetic pathway: a potential target to en-
hancing alkaloid production. 129-143, in: Ver-
poorte R., A.W. Alfermann & T.S. Johnson
(eds). Application of plant metabolic engineer-
ing. Springer.
https://doi.org/10.1007/978-1-4020-6031-1 5

Cheng, Y., W. Ma, X. Li, et al. 2012. Polyamines
stimulate hyphal branching and infection in the
carly stage of Glomus etunicatum colonization.
World J. Microbiol Biotechnol., 28: 1615-1621.
https://doi.org/10.1007/s11274-011-0967-0

Cohen, E., A. Shoshana, T.H. Heimer & Y. Mizrahi.
1984. Polyamine biosynthetic enzymes in the
cell cycle of Chlorella. Plant Physiol., 74: 385-
388. https://doi.org/10.1104/pp.74.2.385

Cronin, G. & M.E. Hay. 1996a. Effects of light and
nutrient availability on the growth, secondary
chemistry, and resistance to herbivory of two
brown seaweeds. Oikos. 77: 93-106.
https://doi.org/10.2307/3545589


https://doi.org/10.1007/s00425-010-1130-0
https://doi.org/10.1007/s10529-006-9179-3
https://doi.org/10.1021/np50064a026
https://doi.org/10.1016/j.plaphy.2010.02.003
https://doi.org/10.1007/PL00007064
https://doi.org/10.1016/S1389-1723(00)90011-2
https://doi.org/10.1016/j.phytochem.2010.08.003
https://doi.org/10.1034/j.1399-3054.1991.820414.x
https://doi.org/10.1104/pp.102.3.933
https://doi.org/10.1007/978-1-4020-6031-1_5
https://doi.org/10.1007/s11274-011-0967-0
https://doi.org/10.1104/pp.74.2.385
https://doi.org/10.2307/3545589

ENDOGENOUS POLYAMINE RESPONSE IN Bonnemaisonia hamifera 7

Cronin, G. & M.E. Hay. 1996b. Susceptibility to
herbivores depends on recent history of both the
plant and animal. Ecology. 77: 1531-1543.
https://doi.org/10.2307/2265549

Cvikrova, M., L. Gemperlova, J. Eder & E. Zazi-
malova. 2008. Excretion of polyamines in al-
falfa and tobacco suspension-cultured cells and
its possible role in maintenance of intracellular
polyamine contents. Plant Cell Reports, 27:
1147-1156.
https://doi.org/10.1007/s00299-008-0538-5

Edreva, A.M., V.B. Velikova & T.D. Tsonev. 2007.
Phenylamides in plants. Russian J. Plant Physi-
ol., 54: 287-301.
https://doi.org/10.1134/S1021443707030016

El-Shintinawy, F. 2000. Photosynthesis in two
wheat cultivars differing in salt susceptibility.
Photosynthetica 38: 615-620.
https://doi.org/10.1023/A:1012421826212

Galston, A.W. & R.K. Sawhney. 1990. Polyamines
in plant physiology. Plant Physiol., 94: 406-
410. https://doi.org/10.1104/pp.94.2.406

Garcia-Jiménez, P., M. Rodrigo & R. Robaina.
1998. Influence of plant growth regulators,
polyamines and glycerol interaction on growth
and morphogenesis of carposporelings of Gra-
teloupia cultured in vitro. J. Appl. Phycol. 10:
95-100. https://doi.org/10.1023/A:1008063532233

Garcia-Jiménez, P., M.P. Just, M.A. Delgado & R.
Robaina. 2007. Transglutaminase activity de-
crease during acclimation to hyposaline condi-
tions in marine seaweed Grateloupia doryphora
(Rhodphyta, Halymeniaceae). J. Plant Physiol.,
364: 367-370.
https://doi.org/10.1016/j.jplph.2006.05.018

Ghosh, B. 2000. Polyamines and plant alkaloids. /n-
dian J. Expt. Bot., 38: 1086-1091.

Graser, G., & T. Hartmann. 2000. Biosynthesis of
spermidine, a direct precursor of pyrrolizidine
alkaloids in root cultures of Senecio vulgaris.
Planta, 211: 239-245.
https://doi.org/10.1007/s004250000260

Groppa, M.D. & M.P. Benavides. 2008. Polyamines
and abiotic stress: recent advances. Amino Ac-
ids. 34: 35-45.
https://doi.org/10.1007/s00726-007-0501-8

Guzman-Urioéstegui, A., P. Garcia-Jiménez, F.D.
Marian, D. Robledo & R.R. Robaina. 2002.
Polyamines influence maturation in reproduc-
tive structures of Gracilaria cornea (Gracilari-
ales, Rhodophyta). J. Phycol. 38: 1169-1175.
https://doi.org/10.1046/j.1529-8817.2002.01202.x

Kumar, A., M.A. Taylor, S.A. Madarif & H.V. Da-
vies. 1996. Potato plants expressing antisense
and sense Sadenosylmethionine decarboxylase
(SAMDC) transgene shows altered levels of
polyamines and ethylene: antisense plants dis-
play abnormal phenotypes. Plant J., 9: 147-158.
https://doi.org/10.1046/j.1365-313X.1996.09020
147.x

Kumar, S.V.,, M.L. Sharma & M.V. Rajam. 2006.
Polyamine biosynthetic pathway as a novel tar-
get for potential applications in plant biotech-
nology. Physiol. Mol. Biol. Plants, 12: 53-58.

Kusano, T., T. Berberich, C. Tateda & Y. Takahashi.
2008. Polyamines: essential factors for growth
and survival.  Planta. 228: 367-381.
https://doi.org/10.1007/s00425-008-0772-7

Lee, TM. & M.H. Chen. 1998. Hyposaline effect
on polyamine accumulation in Ulva fasciata
(Uvales, Chlorpphyta). Bot. Bull. Acad. Sci.,
39:167-174.

Lefevre, I.,E. Gratia & S. Lutts. 2001.
Discrimina-tion between the ionic and osmotic
components of salt stress in relation to free
polyamine level in rice (Oryza sativa). Plant
Sci., 161: 943-952.
https://doi.org/10.1016/S0168-9452(01)00485-X

Liu, J.H., H. Kitashiba, J. Wang, Y. Ban & T. Mori-
guchi. 2007. Polyamines and their ability to pro-
vide environmental stress tolerance to plants.
Plant Biotechnol. 24: 117-128.
https://doi.org/10.5511/plantbiotechnology.24.1 17

Marian, F.D., P. Garcia-Jiménez & R.R. Robaina.
2000. Polyamines in marine macroalgae: levels
of putrescine, spermidine and spermine in the
thalli and changes in their concentration during
glycerol-induced cell growth in vitro. Physiol
Plant., 110: 530-534.
https://doi.org/10.1111/.1399-3054.2000.1100416.x

Martin-Tanguy, J. 1985. The occurrence and possi-
ble function of hydroxycinnamoyl acid amines
in plants. Plant Growth Regul., 3: 381-399.
https://doi.org/10.1007/BF00117595

Morant, M., G.A. Schoch, P. Ullmann. 2007. Cata-
lytic activity, duplication and evolution of the
CYP98 cytochrome P450 family in wheat.
Plant Mol. Biol., 63: 1-19.
https://doi.org/10.1007/s11103-006-9028-8

Niemi, K., R. Julkunen-Tiitto, H. Higgman & T.
Sarjala. 2007. Suillus variegatus causes signifi-
cant changes in the content of individual poly-
amines and flavonoids in Scots pine seedlings
during mycorrhiza formation in vitro. J. Exp.
Bot., 58:391-401.
https://doi.org/10.1093/jxb/erl209

Nogales, A., J. Aguirreolea, E. Santa Maria, A. Cam-
prubi & C. Calvet. 2009. Response of mycorrhi-
zal grapevine to Armillaria mellea inoculation:
disease development and polyamines. Plant and
Soil., 317: 177-187.
https://doi.org/10.1007/s11104-008-9799-6

Nylund, G.M., G. Cervin, F. Persson, M. Hermans-
son, P.D. Steinberg & H. Pavia. 2008. Seaweed
defence against bacteria: a poly-brominated
2-heptanone from the red alga Bonnemaisonia
hamifera inhibits bacterial colonization. Mar:
Ecol. Prog. Ser., 369: 39-50.
https://doi.org/10.3354/meps07577


https://doi.org/10.1046/j.1365-313X.1996.09020147.x
https://doi.org/10.1046/j.1529-8817.2002.01202.x
https://doi.org/10.1007/s00726-007-0501-8
https://doi.org/10.1007/s004250000260
https://doi.org/10.1016/j.jplph.2006.05.018
https://doi.org/10.1023/A:1008063532233
https://doi.org/10.1104/pp.94.2.406
https://doi.org/10.1023/A:1012421826212
https://doi.org/10.1134/S1021443707030016
https://doi.org/10.1007/s00299-008-0538-5
https://doi.org/10.2307/2265549
https://doi.org/10.3354/meps07577
https://doi.org/10.1007/s11104-008-9799-6
https://doi.org/10.1093/jxb/erl209
https://doi.org/10.1007/s11103-006-9028-8
https://doi.org/10.1007/BF00117595
https://doi.org/10.1111/j.1399-3054.2000.1100416.x
https://doi.org/10.5511/plantbiotechnology.24.117
https://doi.org/10.1016/S0168-9452(01)00485-X
https://doi.org/10.1007/s00425-008-0772-7

Paasche, E., S. Bruback, S. kattebol, J.R. Young &
J.C. Green. 1996. Growth and calcification in
the coccolithophorid Emiliania huxleyi (Hapto-
phyceae) at low salinities. Phycologia, 35: 394-
403.
https://doi.org/10.2216/10031-8884-35-5-394.1

Pansch, C., O. Cerda, M. Lenz, M. Wahl & M. Thiel.
2009. Consequences of light reduction for anti-
herbivore defense and bioactivity against mus-
sels in four seaweed species from northern-cen-
tral Chile. Mar Ecol. Prog. Ser. 381: 83-97.
https://doi.org/10.3354/meps07943

Paul, V.J. & K. Van Alstyne. 1992. Activation of
chemical defenses in the tropical green algae
Halimeda spp. J. Exp. Mar Biol. Ecol. 160:191-
203.
https://doi.org/10.1016/0022-0981(92)90237-5

Pavia, H., G. Cervin, A. Lindgren & P. Aberg. 1997.
Effects of UV-B radiation and simulated herbiv-
ory on phlorotannins in the brown alga Asco-
phyllum nodosum. Mar. Ecol. Prog. Ser. 157:
139-146. https://doi.org/10.3354/meps157139

Pavia, H. & E. Brock. 2000. Extrinsic factors influ-
encing phlorotannin production in the brown
alga Ascophyllum nodosum. Mar Ecol. Prog.
Ser. 193:285-294.
https://doi.org/10.3354/meps193285

Puglisi, C.A. & V.J. Paul. 1996. Intraspecific chemi-
cal variation in the red alga Portieria horne-
mannii: monoterpene concentrations are not in-
fluenced by nitrogen or phosphorus enrichment.
Mar Biol. 128: 161-170.
https://doi.org/10.1007/s002270050079

Sacramento, A.T., P. Garcia-Jiménez, R. Alcazar, A.
Tiburcio & R.R. Robaina. 2004. Influence of
polyamines on the sporulation of Grateloupia
(Halymeniaceae, Rhodophyta). J. Phycol., 50:
887-894.
https://doi.org/10.1111/j.1529-8817.2004.03183 .x

Sagor, G.H., T. Liu, H. Takahashi, M. Niitsu, T. Ber-
berich & T. Kusano. 2013. Longer uncommon
polyamines have a stronger defense gene-induc-
tion activity and a higher suppressing activity
of Cucumber mosaic virus multiplication com-
pared to that of spermine in Arabidopsis thali-
ana. Plant Cell Reports, 32: 1477-1488.
https://doi.org/10.1007/s00299-013-1459-5

Shulaev, V. & D.J. Oliver. 2006. Metabolic and pro-
teomic markers for oxidative stress. New tools
for reactive oxygen species research. Plant
Physiol. 141: 367-372.
https://doi.org/10.1104/pp.106.077925

Swanson, A.K. & L.D. Druehl. 2002. Induction,
exudation and the UV protective role of kelp
phlorotannins. Aquatic Botany. 73: 241-253.
https://doi.org/10.1016/S0304-3770(02)00035-9

Tang, W., R.J. Newton, C. Li & T.M. Charles. 2007.
Enhanced stress tolerance in transgenic pine ex-
pressing the pepper CaPF1 gene is associated
with the polyamine biosynthesis. Plant Cell
Rep., 26:115-124.
https://doi.org/10.1007/s00299-006-0228-0

VERGARA-RODARTE et al.

Tebayashi, S., Y. Horibata, E. Mikagi, T. Kashiwagi,
D.B. Mekuria, A. Dekebo, A. Ishihara & C.S.
Kim. 2007. Induction of resistance against the
leafminer, Liriomyza trifolii, by jasmonic acid
in sweet pepper. Biosci. Biotechnol. Biochem.,

: 1521-1526.
https://doi.org/10.1271/bbb.70033

Tiburcio, A.F., J.L. Campos, X. Figueras & R.T.
Besford. 1993. Recent advances in the under-
standing of polyamine functions during plant
development. Plant Growth Reg., 12: 331-340.
https://doi.org/10.1007/BF00027215

Von Ropenack, E., A. Parr & P. Schulze-Lefert.
1998. Structural analyses and dynamics of sol-
uble and cell wall-bound phenolics in a broad
spectrum resistance to the powdery mildew fun-
gus in barley. J. Biol. Chem., 273: 9013-9022.
https://doi.org/10.1074/jbc.273.15.9013

Yoda, H., K. Fujimura, H. Takahashi, I. Munemura,
H. Uchimiya & H. Sano. 2009. Polyamines as a
common source of hydrogen peroxide in host-
and nonhost hypersensitive response during
pathogen infection. Plant Mol. Biol., 70: 103-
112. https://doi.org/10.1007/s11103-009-9459-0

Yoda, H., Y. Yamaguchi & H. Sano. 2003. Induction
of hypersensitive cell death by hydrogen perox-
ide produced through polyamine degradation in
tobacco plants. Physiol., 132: 1973-1982.
https://doi.org/10.1104/pp.103.024737

Zacchini, M. & M. Agazio. 2004. Spread of oxida-
tive damage and antioxidative response through
cell layers of tobacco callus after UV-C treat-
ment. Plant Physiol. Biochem., 42: 445-450.
https://doi.org/10.1016/j.plaphy.2004.03.007

Zapata, P.J., M. Serrano, M.T. Pretel, A. Amords
& M.A. Botella. 2004. Polyamines and
ethylene changes during germination of
different plant species under salinity. Plant
Sci., 167: 781-788.
https://doi.org/10.1016/j.plantsci.2004.05.014


https://doi.org/10.1007/s00299-006-0228-0
https://doi.org/10.1016/S0304-3770(02)00035-9
https://doi.org/10.1104/pp.106.077925
https://doi.org/10.1007/s00299-013-1459-5
https://doi.org/10.1111/j.1529-8817.2004.03183.x
https://doi.org/10.1007/s002270050079
https://doi.org/10.3354/meps193285
https://doi.org/10.3354/meps157139
https://doi.org/10.1016/0022-0981(92)90237-5
https://doi.org/10.3354/meps07943
https://doi.org/10.2216/i0031-8884-35-5-394.1
https://doi.org/10.1016/j.plantsci.2004.05.014
https://doi.org/10.1016/j.plaphy.2004.03.007
https://doi.org/10.1104/pp.103.024737
https://doi.org/10.1007/s11103-009-9459-0
https://doi.org/10.1074/jbc.273.15.9013
https://doi.org/10.1007/BF00027215
https://doi.org/10.1271/bbb.70033

Coprrright () 2015 V ergara-Rodarte, B A, T T Murillo Alvarez & . Robaina Romero.

(SO

Estetexto estd protegido por una licenicia CreafiveCommens 4.0

Usted s libee para Compartis —copiat v redistiiboir el material en ooalguier medio o formato— v Adaptar el docm ento —
remezclar, transformar v crear a pattir del moaterial— para cualgquier propdsto, incluso para fines comerciales, slempre
gue cumpla la condicidn de:

Atribucidn: Usted debe dar crédito a la obra original de manera adecuada, proporcionar un endace a la lcencia, e indicar &
ge han realizado cambios Pusde hacetlo en cualouier forma razonable, pero no de formoa tal que sugiera que tiene el apoyo del
licenciarte olo recibe por el wso gque hace de la obra,

Feromendaicanca - Texfocomplefodal alicayela



https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/deed.es
https://creativecommons.org/licenses/by/4.0/legalcode

