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Induction of ferric reductase activity in response to iron deficiency in

Arabidopsis
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The response to iron deficiency was investigated in 16 ecotypes of Arabidopsis thaliana (L.) Heynh. and in Arabidopsis
griffithiana. An increase in root ferric reductase activity was observed under conditions of iron deficiency in these
ecotypes and in both species. This observation is consistent with a Strategy T response which is typical for dicot
plants. A. griffithiana, however, showed a lower induction of ferric reductase activity in response to iron deficiency
than that of the commonly studied A. thaliana Columbia ecotypes.
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Introduction
Iron is essential to many life processes, including
photosynthesis and respiration in higher plants. Although
iron 1s abundant in the soil. it is generally present as ferric
hydroxide compounds that are insoluble at neutral pH and
are unavailable for uptake (Y1 et al. 1994). Plants need soluble
forms of iron for uptake. thus many plant species have a
mechanism for responding to a lack of accessible iron. Plants,
such as Arabidopsis thaliana (L) Heynh. (Tingey et al. 1982),
that are able to overcome chlorisis induced by iron deficiency
are suid to be chlorosts resistant due to their iron efficient
physiology.

Two types of responses to iron deficiency have been
documented. Graminaceous monocots generally show a
Strategy 11 response. Ferric iron [Fe(IIl)] chelating
compounds called phytosiderophores are released from the
roots and complex with sotl Fe(Ill) (Takagt et al. 1984).
Uptake processes at the root surface are then able to
transport these complexes into the plant (Romheld &
Marschner 1986). Dicots and non-graminaceous monocots
show a Strategy I response. Typical of this type of response
are induction of ferric reductase activity at the root surface
to convert rhizosphere Fe(Ill) chelates to ferrous iron
[Fe(ll)] chelates followed by separation of the Fe(Il) from
the chelate (Chaney er al. 1972). acidification of the
rhizosphere to increase the solubility of Fe(IIT) compounds
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in the soil (Rémheld et al. 1984), accumulation of organic
acids in the root and release of reductants (Hether et al. 1984).

Assays have been developed to quantify responses to iron
deficiency. Bienfait er al. (1983) used a colorometric assay to
measure iron reduction by ferric reductase. Rhizosphere
acidification has been visualized by laying roots on agar
medium containing a pH indicator. Roots that show a net
release of hydrogen ions will show an acid response in the
pH indicator medium (Marscher & Rémheld 1983). These
and similar tools have been used to demonstrate a
Strategy 1 response in a number of organisms including
sunflower (Romheld & Marschner 1981a,b), bean (Bienfait
et al. 1983, Ric de Vos et al. 1986), peanut (Rémheld &
Marschner 1983), tomato (Brown & Ambler 1974), soybeam
{Chaney et al. 1972), cucumber (Zocchi & Cocucci 1990) and
veast (Lesuisse et «l. 1987). Furthermore, Buckhout et al.
(1989) have localized the ferric reductase activity in tomato
to the plasma membrane and the NADH-dependent nature
of the inducible enzyme activity has been reported (Holden
et al. 1991).

In this investigation we studied the response of A. thaliana
to iron deficiency. We have adapted a simple system to assay
the ferric reductase activity of A. thaliana under iron
sufficiency and deficiency and report evidence for a Strategy
[ type response in this organism. This information will be
used for the isolation of mutants that show an altered
response to iron deficiency, as has already been achieved in
tomato (Brown er al. 1971). Isolatton of mutants in
A. thatiana will provide good material for molecular as well
as genetic studies of iron deficiency due to the amenability
of A. thaliuna 1o these types of analyses.
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Materials and methods

Seeds of various Arabidopsis ecotypes and species were
sterilized for 7 min in 95% ethanol, 7min in 10% bleach,
then rinsed four times in sterile distilled H,O. Germination
took place on Gamborg's B5 medium (Sigma, St Louis, MO),
0.7% Bacto-agar (Difco, Detroit, MI) at pH 5.8. At the six
true leaf stage (10-14 days after germination), plants were
transferred either to iron sufficient medium that contained
0.7% agar nutrient solution (Marschner et al. 1982y at pH 6.5
with 0.1 mm Fe(HHDHEDTA (NS +Fe) or to iron deficient
medium (NS — Fe) that had the same composition as NS + Fe
plates except that 0.3mm FerroZine (Hach, Ames,
IA) was substituted for the Fe(IIIEDTA. FerroZine is a
chelator of Fe(Il), with a molar absorptivity of 28 600 at
562 nm (Gibbs 1976). Addition of FerroZine to the plant
growth medium renders it free of plant available iron that
may have been present in trace amounts in medium
components. Plates were taped closed with micropore tape
(3M, St Paul, MN).

Plantlets were incubated in constant light at 20°C
under 65 uEm~%s~! units of light from fluorescent and
incandescent sources. A 3 mm thick yellow acrylic screen
was placed between the light sources and plates to prevent
light degradation of iron in the media and to prevent the
formation of formaldehyde from culture media breakdown
(Hangarter & Stasinopoulos 1991).

After plants were transferred from B5 medium and
incubated on NS+Fe or NS—Fe medium, root ferric
reductase activity was determined using a FerroZine assay.
Plants were transferred to acid washed wells of microtiter
dishes containing a solution of 0.1 mm Fe(IIHEDTA, 0.3 mm
FerroZine in distilled H,O such that agar free roots were
submerged in the assay solution. Plants were used for one
assay only. After incubation for 1h, plants were removed
and the absorbance of the assay solution was determined.
As the plants reduce Fe(ITI) to Fe(Il), the Fe(Il) is chelated
by FerroZine; FerroZine changes from a colorless compound
to form a purple colored complex which absorbs at 562 nm
(Stookey 1970). Thus the absorbance of the assay solution
is a measure of Fe(Il) production and therefore estimates
ferric reductase activity. At least 10 determinations were
performed for each ecotype, and for each NS+ Fe or NS — Fe
incubation period, with samples taken from seeds germinated
on at least two different days. Results were analyzed using
t-tests with a 95% confidence level.

Results and discussion

The ferric reductase activity of 4. thaliana ecotype
Col-0 plants was assayed each day, for a total of
10 days, after transfer of plants from B5 medium to
either NS+Fe or NS—Fe media (Figure 1). Ferric
reductase activity of NS —Fe grown Col-0 roots was higher
than the activity of NS + Fe grown roots on all days except
day 8, according to t-tests. Induction of ferric reductase
activity peaked around day 4.
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Figure 1. Root ferric reductase activity of A. thaliana ecotype
Col-0 after transfer to iron sufficient (+Fe) or deficient (—Fe)
growth conditions for 1-10 days. Ferric reductase activity was
calculated from absorbance measurements and is expressed as nmol
Fe(IT) formed per plant per hour. Error bars indicate the standard
error for activity determinations. ‘Day’ is the number of days plants
were incubated on NS media.

The variation in ferric reductase activity among different
ecotypes of A. thaliana and by A. griffithiuna is shown in
Figure 2. Levels of ferric reductase activity on either NS + Fe
or NS—Fe media show little difference between ecotypes
and are not different from that of the Columbia ecotypes,
Col-0and Col, as determined by t-tests. There is a statistically
significant difference between activity levels on NS+ Fe and
NS—Fe for each A. thaliana ecotype. A. griffithiana,
however, displayed significantly less activity on NS — Fe than
the A. thaliana ecotypes Col-0 and Col, as determined by
t-tests. A. griffithiuna did show a significant difference in
activity on NS+ Fe compared to NS —Fe indicating that a
response to iron deficiency does exist in this species. The
ferric reductase activity of A. griffithiana was assayed over
a 10 day period to see if the activity of plants grown on
NS —Fe was similar to the activity of Col-0 and Col on a
day after transfer other than day 3 (Figure 3). The ferric
reductase activity for plants grown under iron deficiency
was significantly less than the activity of iron deficient Col-0
and Col plants on all days. The reduced response to iron
deficiency shown by A. griffithiana could be explained if this
species was isolated from regions where a strong response
to iron deficient conditions does not confer a selective
advantage. 4. griffithiana has been isolated from Pakistan,
Afghanistan, the Western Himalayas (Jafri 1956), Palestine
(Zohary 1966) and the lowlands of Iraq (Rechinger 1964).

We  conclude that ecotypes of 4. ithaliana and
A. griffithiana display a physiological process in response to
conditions of deficient iron in a manner consistent with a
Strategy I scheme. An understanding of the ferric reductase
response of A. thaliana has allowed mutant screens to be
devised for isolation of lines with an altered ferric reductase
response to iron deficiency. Plants can be grown under iron
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Root ferric reductase activity of 16 A. thaliana ecotypes and A. griffithiana after transfer to iron sufficient (+ Fe) or deficient

{— Fey growth conditions for 3 days. Activity was calculated from absorbance measurements and expressed as umol Fe(ll) formed per gram

wet weight root tissuc per hour. Error bars indicate the standard error for activity determinations.
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Figure 3.
transfer toiron sufficient ( + Fe) or deficient { — Fe) growth conditions

Root ferric reductase activity of 4. griffithiane after

for 1 10 days. Ferric reductasc activity was calculated from
absorbance measurements and is expressed as gmol Fe(Il) formed
per gram wet weight root tissue per hour. Error bars indicate the
standard crror for activity determinations. "Day” is the number of
days plants were incubated on NS media.

deficient conditions and screened for low ferric reductase
activity or plants can be grown under iron sufficient
conditions and tested for high ferric reductase activity. These
screens are currently being used for mutant isolation.
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