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Effects of cobalt and DFMA on polyamine content and membrane-lipid
peroxidation in wheat seedling under osmotic stresses

MA Lan, LI Chao-zhou
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Abstract: The objective of this study was to elucidate whether spermidine and ethylene suffered substrate competition and
how polyamines and ethylene influenced lipid peroxidation in wheat seedling leaves under the root osmotic stresses. The osmotic
stresses simulated with — 1.0 MPa polyethylene glucose (PEG) solution was applied to wheat seedling roots for 6 h, 12 h, 18 h
and 24 h respectively. The results showed that the p and spermidine contents and the ethylene evolution in wheat
seedlings were increased significantly when the osmotic stresses lasted 6 h. As the osmotic str prolonged, h

and spermidine cc were declined and the ethylene evolution i d gradually. When DL ~ a - Difluoromethy-
larginine (DFMA) was added to the PEG solution with its concentration reaching 0.5 mmol/L, the putrescine and spermidine con-
tents of the leaves under the stresses decreased significantly, but the ethylene evolution of the leaves was not affected markedly.
The above results showed that there was probably no evident substrate competition between spermidine and ethylene when wheat
seedlings were under root osmotic stress simulated with — 1.0 MPa PEG solution. The results also showed that the ethylene evolu-
tion got inhibited and the polyamines content got improved relatively, when CoCl, was added to the PEG solution with its concen-
tration at 2 mmol/L. The addition of CoCl, also improved the activities of anti-oxidative enzymes, and reduced the reactive oxygen

, the pu-

levels and MDA contents significantly when the stresses got aggravated, so CoCl, protected the cell membrane in some way. The
above results indicatd that lipid peroxidation probably had a close relation with the variation in polyamines content, and CoCl,

could prevent the seedling membrane damage under the osmotic stresses.
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Drought is the most important environmental factor
that depresses global agriculture, and more than half of
the land is in the arid and semi-arid zones in China. In
these zones the crops suffer from drought every year. Even
in the non-arid zones, the crops may suffer from periodi-
cal or accidental drought. Therefore, researches on plant
stress physiology have been carried out worldwide in these
years. In order to reduce damages from drought stress, a-
gricultural production has acclimate or harden crop
seedlings by applying some chemical substances, such as
ABA and rare-earth elements to the seedlings. Among
these substances, Co®* has rarely been used although it is
capable of inhibiting ethylene evolution!!]. As a by-prod-
uct in lipid peroxidation, ethylene promotes senescence
and maturing in some ways, and thus Co’* may play a
role in lipid peroxidation under osmotic stress.

Leeuwenhook observed a kind of crystalline sub-

stance in human semen in the early 20th century, the
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substance was proved to be a kind of salt from spermine in
1924. Nowadays, putrescine, spermidine and spermine
have been detected in more and more living organisms.
Since 1960s, the effects of polyamines on plant growth

(23] ond is

and development have attracted much attention
speculated to be similar to that of cAMP, so that the
function of polyamines may have a close connection with
nucleic acid thereby influencing nucleic acid metabolism

[4:51 " Other researches have proved

and proteins synthesis
that polyamines inhibit proteinase activity and biological
effects of ethylene, and stabilize biological membrane®!.
Therefore, polyamines are regarded as a group of impor-
tant bio — active substances.

Polyamines have a close relation with ethylene
metabolism under osmotic stress!”"® . According to Icek-
son, ethylene retarded polyamines synthesis and reduced
polyamines content in pea seedlingsm, but improved

[10]

polyamines synthesis in rice seedlings'"~ . Under some
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other circumstances polyamines were capable of inhibiting
ethylene biosynthais”'s’”] . So it was suggested that the
correlation between polyamines and ethylene metabolism

should vary greatly with plant species and status, Howev-

er, the mechanism remains unclear, thus more researches

need to be carried out to probe the metabolism, and in
particular whether there exists a substrate competition be-
tween polyamines and ethylene. As Co’* inhibits ethylene
evolution''! and DFMA inhibits arginine decarboxylase ac-

2] this study

tivity thus reducing putrescine synthesis
employed Co** and DFMA to inhibit ethylene evolution
and polyamines synthesis respectively. In addition, be-
cause polyamines and ethylene both have a close relation
with membrane system, the study aimed to investigate the
relationship among polyamines content, ethylene evolution
and lipid peroxidation in wheat seedling leaves while the

roots suffered different osmotic stresses.

1 Materials and methods

1.1 Plant materials

Fengchan 3, a drought-resistant wheat variety
( Triticum aestivum L. cv.), was chosen as its material.
The seedlings were osmotic stressed treatments according
to Wang's method!®) . The seeds were washed with tap
water and then soaked in water for 24 h at room tempera-
ture. Then the seeds were took out from water and placed
in a growth chamber to germinate for 24 h at 25 + 2°C,
and then the seeds were planted in vermiculite contained
in pans, which were placed in growth chamber, the tem-
perature, photoperiod and light intensity were set at 25
1.5C, 14-hours illumination and 100 pmol/(m’*s).
The seedlings were supplemented with water every day un-
til they grew two genuine leaves. Then the seedlings were
taken out from the pans, their seed capsules were re-
moved and their roots were washed clean with tap water.
and then the seedlings suffering no injuries were chosen
and placed under the treatments described below.
1.2 Treatments

There were four treatments in this study: @ Dis-
tilled water as control, @ - 1.0 MPa PEG 4000, @ -
1.0 MPa PEG 4000 solution plus 0.5 mmol/L DFMA,
@ -1.0 MPa PEG 4000 solution plus 2 mmol/L CoCl,.
30 mL of each above solutions were added into different
50 mL beakers. The bases of the seedlings were wrapped

with sponge pieces whose sizes were 25 c¢m long, 2 cm

wide and 0.5 cm thick. The water potential of the solu-
tions was measured with a freezing point osmometer (mod-
el FM —4) . The beakers were wrapped with black paper,
then the seedlings were placed in growth chamber in
which 100 ymol/(m?-s) light was kept all day long and
the temperature was 25+ 1.5C.

After 6 h, 12 h, 18 h and 24 h of the stresses de-
scribed above, the first genuine leaves of the seedlings
were used for all of the measurements described below.
1.3 Measurements
1.3.1 Water potential  The leaf water potentials
were measured with a pressure chamber (Plant Water
Condition Equipment(ZLZ - 4, Lanzhou University, Chi-
na)).

1.3.2 Polyamines content The extraction and HPLC
analysis of polyamines were conducted according to the
method of Flores and Galston!™*!. Cold 5% HCIO,(E.
Merck, Darmstadt, Germany) was added to the leaves of
the seedlings in a chilled mortar at the ratio of 100 mg
fresh weight/mL HCIO,, and then the leaves were ground
with a pestle. The obtained homogenate was kept in an
ice bath for 60 min, oscillated and centrifuged at 27 700-
g and 4C for 20 min. And then the precipitate was dis-
solved in HCIO,, kept in ice bath for 5 min, oscillated
and centrifuged. The first and second supernatants in the
first and second centrifugings were collected and stored at
—20%C for free polyamine determination!™). The stored
supernatants and authentic standards of putrescine and
spermidine( Sigma Co., St. Louis) were benzoylated fol-
lowing the procedure described by Flores and Galston™ .
The polyamines concentrations were measured by the pro-
grammable liquid chromatography ( Model 322, Altex-
Beckman Inc., Japan).
methanol and water (65% methanol) and its flow rate
was 1| mL/min. The benzoylated extracts were eluted
through a reverse-phase column (Zorbax-ODS, 4.6 mm
x 150 mm, 5 um particle size) at 254 nm with a UV de-

The solvent consisted of

tector at room temperature. The temperature of the column
was 25°C and the results were quantified with C - R 25
integrator. .

1.3.3 Ethylene evolution The ethylene evolution was
analyzed according to the method of Narayana et all’sl,
The gas-chromatography (Model GC-9A, Altex-Beckman
Inc., Japan) was adopted with a column (Paropark) at a
column temperature of 90°C. The flow-gas was N,. The
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leaf samples were 1.5 cm — long. The leaf pieces cut
from the first leaves of the seedlings were placed into
penicillin bottles with rubber caps and kept in them for 12
hours, and then the airs in the bottles were extracted for
ethylene concentration measurement. The results were
quantified with C — R 25 integrator.
1.3.4 SOD activity The activities of superoxide dis-
mutase (SOD) were measured according Rabinowitch et
al’ method!'®!
1.3.5 MDA content MDA contents were measured
according the method developed by Shimazaki et alt'”),
1.3.6 Relative cell membrane permeability The
relative cell membrane permeability were defined as the
quotient: The conductivity of the solution(purified water
immerged the tissue for 30 min) divided by the conductic-
ity of the above solution after 15 min boiling and 30 min
cooling[ 18] ‘ ‘
1.4 Data analysis

There were three replicates and each replicate was
repeated at least three times. The data were presented in
” standard error (S.E.).
The data were statistically analysed by the one-way ANO-
VA of SPSS for windows 10, taking P < 0.05 as signifi-
cant.

the form of means “ +” or “ —

2 Results and analysis

2.1 Influences of Co** and DFMA on the water po-
tentials in wheat seedling under the osmotic
stresses

When the wheat seedlings suffered the root osmotic
stresses simulated with — 1.0 MPa polyethylene glucose

(PEG) solution, their leaves’ water potentials decreased

gradually as the osmotic stresses prolonged. Where DL-a-

Difluoromethylarginine (DFMA ), an irreversible enzyme

inhibitor, was added to the PEG solution, with its final

concentration reaching 0.5 mmol/L, the leaves’ water
potentials of wheat seedlings did not vary much. Where

CoCl, was added to the PEG solution with its final con-

centration reaching 2 mmol/L, the leaves’ water poten-

tials became a little higher(lower in absolute value) than
that under the osmotic stress simulated with — 1.0 MPa

PEG solution(Fig.1) . These results showed that both 0.5

mmol/L of DFMA and 2 mmol/L of CoCl, did not have

much influences on the leaves’ water potentials under the
osmotic stress.
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Fig.1 Influence of CoCl, and DFMA on water potential in wheat
seedlings’ during — 1.0 MPa PEG root osmotic stress

2.2 Influences of Co** and DFMA on putrescine
and spermidine contents and ethylene evolution
in wheat seedling under the osmotic stresses

When the osmotic stresses simulated with - 1.0
MPa PEG solution lasted 6 h, the putrescine(Put) and
spermidine (Spd) content increased considerably in the
wheat seedling. As the osmotic stress prolonged, the con-
tents of Put and Spd reduced gradually and finally became
lower than that in the control. When DFMA was added to
the PEG solution with its concentration finally reaching 0.
5 mmol/L, the leaves’ putrescine and spermidine con-
tents became lower than those with the PEG solution.
When CoCl, was added into the PEG solution with its con-
centration finally reaching 2 mmol/L, the leaves' pu-
trescine and spermidine contents obviously increased un-
der the osmotic stresses (Fig.2 A — B). These results
showed that as the root osmotic stress prolonged, DFMA
reduced the leaves’ putrescine and spermidine contents
and CoCl, increased them.

Under the root osmotic stress simulated with — 1.0
MPa PEG solution, ethylene evolution in the wheat
seedlings was increased steadily, especially after the
stress prolonged. When DFMA was added to the ~ 1.0
MPa PEG solution with its final concentration reaching
0.5 mmol/L, the leaves’ ethylene evolution was not much
affected. When CoCl, was added to the - 1.0 MPa PEG
solution, the leaves’ ethylene evolution did not get en-
hanced during the whole period of the oemotic stress(Fig.
2C).
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% and CAT activities relatively got enhanced under the
A . . . "
s whole osmotic stress period(Fig.3 A,B).
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Fig.2 The influence of CoCl, and DFMA on the content of purscine
and spermidine and the evolution of ethylene in wheat seedlings
during root osmotic stress of — 1.0 MPa PEG solution

2.3 Influences of Co** and DFMA on the activities
of the anti-oxidative enzymes in wheat seedling
under the osmotic stresses

Under the root osmotic stress simulated with — 1.0
MPa PEG solution, the activity of SOD and CAT in wheat
seedling were varied significantly. When the osmotic
stress lasted 6 h, the activities of SOD and CAT were
much higher than those in the control. As the osmotic
stress prolonged, the activities of the two anti-oxidative
enzymes decreased gradually and at last became lower
than those in the control. When DFMA was added to the

-1.0 MPa PEG solution, the SOD and CAT activities

decreased markedly. When CoCl, was added, the SOD

under the osmotic stress
The production rate of H,0, and 05 did not vary

much when the osmotic stress lasted 6 h and 12 h, but

then increased significantly as the stress prolonged. The

additions of DFMA and CoCl, didn’t have much influence
on the production rates of H,0, and O when the stress

lasted 6 h and 12 h, but when the stress lasted 24 h,

DFMA improved and CoCl, reduced the prodution rate of

H,0; and O5 significantly(Fig.4 A,B).

2.5 Influences of Co’* and DFMA on MDA con-
tents and relative cell membrane permeability
in wheat seedling under osmotic stress

MDA is a substance produced in lipid peroxidation
and metabolism in plant cells. In the early period of the
root osmotic stress(6 h and 12 h), the MDA content of
the leaves was not much higher than that of the control,
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and the addition of DFMA and CoCl, had not much influ-
ence on the content. However, the MDA content of the
leaves increased significantly when the stress lasted 24 h.
Meanwhile, the MDA contents of the leaves got increased
by the addition of DFMA and decreased by the addition of
CoCl, obviously(Fig.5 A).
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Fig.4 The influence of CoCl, and DFMA on the production rate
of H,0, and 07 in wheat seedlings during
root osmotic stress of — 1.0 MPa PEG solution

The relative cell membrane permeability (CMP) of
wheat leaves did not increase much during the first 12 h
of root osmotic stress simulated with — 1.0 MPa PEG so-
lution and then increased significantly. The CMP in-
creased markedly when DFMA was added into the - 1.0
MPa PEG solution, and reduced significantly when CoCl,
was added into the — 1.0 MPa PEG solution. These re-
sults probably showed that the cell membrane got damaged
by DFMA and protected by CoCl, especially when the os-
motic stress lasted 24 h(Fig.5 B).

3 Discussion

The contents in plant of polyamines varied depending
on different stresses and plant species. It was reported
that the putrescine and spermidine contents of oat leaf

segments were highest when the segments were placed to
float in sorbitol solution for 4 h and then decreased gradu-
ally[w]. Our results showed that under the root osmotic
stress simulated with - 1.0 MPa PEG solution, the pu-
trescine and spermidine contents of wheat leaves varied
greatly . The putrescine and spermidine contents increased
significantly when the osmotic stress lasted 6 h, then de-
creased gradually and even became lower than that of the
control leaves as the osmotic stress prolonged (Fig.2 A,
B) . Under this situation, the ethylene evolution increased
gradually (Fig.2 C). The results showed that polyamines
and ethylene were not remarkably correlated under the os-
motic stress. When DFMA was added to the PEG solu-
tion, the putrescine and spermidine contents decreased
evidently (Fig.2 A, B), and the, ethylene evolution did
not vary much (Fig.2 C). It was concluded from the two
results that the substrate competition between spermidine
and ethylene synthesis was not the main factor that affect-
ed their synthesis under root osmotic stress, although both
spermidine and ethylene used the same substrate S-adeno-

sylmethionine[”] .
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While being stressed under a severely adverse envi-
ronment, the plant reduces its capablity for eliminating
free radicals, thus finally results in membrane dam-
agel”"}, Our results also indicated that as the osmotic
stresses aggravated, the leaf lipid peroxidation increased
gradually (Fig.3 A, B) and the results were in accor-
dance with the variation in SOD and CAT activity under
the stress(Fig.4 A, B). When CoCl, was added into the
PEG solution, the reactive oxygen species( Fig.4 A, B),
MDA contents(Fig.5 A) were evidently reduced when the
stress got aggravated after 24 h stress(Fig. 1), and the
CMP improvement was alleviated markedly (Fig.5 B).
When DFMA was added into the PEG solution, the results
were quite opposite (Fig.4 A, B, Fig.5 A, B). These re-
sults were in accordance with the variation in leaves’ pu-
trescine and spermidine contents(Fig.2 A, B). These re-
sults indicated that the polyamines contents were closely
correlated with lipid peroxidation under the osmotic stress,
and Co®* could alleviate lipid peroxidation and conse-
quently protected the cell membrane. Based on the results
mentioned above, the final conclusions are as follows:

1) Under the root osmotic stress simulated with
- 1.0 MPa PEG solution, the spermidine and ethylene
synthesis of wheat seedling showed no obvious substrate
competition, or the substrate competition was not the main
factor that inhibited their synthesis.

2) Under the root osmotic stress simulated with
- 1.0 MPa PEG solution, Co®* was capable of inhibiting
the ethylene evolution of wheat leaves, increasing
polyamines contents and relatively inhibiting lipid peroxi-
dation. Therefore, Co?>* could probably be used in dry-
land crop farming, although its side-effects and physiologi-

cal roles on other plants needs further research.
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Effect of different water and potassium levels on root and stem
hydraulic conductivity of tobacco ( Nicotiana tabacum L.)

ZHANG Guo-juan, WEI Yong-sheng, ZHAO Ze-ru
( College of Life Sciences, Northwest A&F University of, Yangling, Shaanxi 712100, China)

Abstract: Under different water (50 mL/2d and 20 mL/2d) and potassium levels (2.4 mmol/L,5.4 mmol/L,9.9
mmol/L), Yun 89 tobacco ( Nicotiana tabacum L.) was selected as an experimental material. The experiment was car-
ried out in greenhouse to evaluate the total absorption area, active absorption area, active area and dry weight of tobacco
root system, plant height, stem diameter, hydraulic conductivity of root and stem of tobacco. The resulis showed that the
role of water was more important than potassium for tobacco plant height, stem diameter, root active absorption area and
hydraulic conductivity at later growth stages. Under normal water supply, potassium fertilizer can enhance root and stem
hydraulic conductivity of tobacco. But there were not remarkable differences on dry weight and total absorption area of to-
bacco root system between these ways.

Keywords: tobacco ( Nicotiana tabacum L.); water stress; potassium level; hydraulic conductivity
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