% ARTICLE ADDENDUM
Plant Signaling & Behavior 5:7, 851-853; July 2010; © 2010 Landes Bioscience

A novel role for a TonB-family protein and photoregulation
of iron acclimation in Fremyella diplosiphon

Bagmi Pattanaik' and Beronda L. Montgomery"**

'Department of Energy Plant Research Laboratory; “Department of Biochemistry and Molecular Biology; Michigan State University; East Lansing, MI USA

Key words: cellular morphology, comple-
mentary chromatic adaptation, cyanobac-
teria, iron, phycobiliprotein, photomor-

phogenesis, photoregulation, siderophores

Abbreviations: CCA, complementary
chromatic adaptation; chla, chlorophyll
a; GL, green light; PBP, phycobilipro-
tein; PC, phycocyanin; PE, phycoeryth-
rin; RL, red light

Submitted: 03/21/10
Accepted: 03/21/10

Previously published online:
www.landesbioscience.com/journals/psb/
article/11827

*Correspondence to: Beronda L. Montgomery;
Email: montg133@msu.edu

Addendum to: Pattanaik B, Montgomery BL.
FdTonB is involved in the photoregulation of
cellular morphology during complementary
chromatic adaptation in Fremyella diplosiphon.
Microbiology 2010; 156:731-41; PMID: 19959581.

www.landesbioscience.com

hotosynthetic  organisms  display

adaptations to changes in light and
nutrient availability. Iron, which is
required for the function of photosyn-
thetic photosystems and other important
biochemical processes, is an essential
mineral that consequently impacts not
only overall photosynthetic efficiency,
but also the physiology of organisms in
general. Our recent study represents the
first functional characterization of a cya-
nobacterial TonB protein. TonB proteins
classically are membrane proteins that
support the transport of iron and vitamin
B12 into cells. TonB proteins thus gen-
erally serve a critical role in organismal
iron acclimation. We recently identified
FdTonB, a TonB-family protein, in the
filamentous freshwater cyanobacterium
Fremyella diplosiphon. FdTonB contains
conserved TonB residues and domains,
as well as novel protein domains. Our
recent study, however, supports a novel
function for this protein in the photo-
regulation of morphology, rather than
iron acclimation, in F. diplosiphon. Our
detailed investigations into the responses
of SF33 wild-type and AfonB mutant
strains did not support a role for FdTonB
in organismal responses to iron limita-
tion. However, close examination of our
recent results did highlight a novel inter-
action between light and iron acclima-
tion in F. diplosiphon.

Introduction
Cyanobacteria and other photosynthetic
organisms utilize absorbed light for the

production of stored chemical energy
through the process of photosynthesis.
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To maximize photosynthetic efficiency
for development and reproduction, these
organisms that exhibit limited mobility
tune their pattern of growth and develop-
ment to their ambient photoenvironment.
The regulatory molecules driving this
photoadaptive process are sensory pho-
toreceptors. Noted acclimatory responses
to changes in the prevalent wavelengths
of light in the environment include the
regulation of cellular morphology and
the regulation of accumulation of distinct
photosynthetic pigments. The acclima-
tion of the filamentous cyanobacterium
Fremyella diplosiphon to red light (RL)
and green light (GL) has long been stud-
ied. F. diplosiphon regulates the bilipro-
tein composition of the photosynthetic
light harvesting complexes, i.c., phyco-
bilisomes, and cellular morphology and
filament length in response to changes in
the prevalent wavelength of light in a pro-
cess known as complementary chromatic
adaptation (CCA)."? In addition to the
photoenvironment, nutrient availability is
also an essential factor that impacts photo-
synthesis. As the nutrient iron is required
as a core component of the photosystems,
iron availability in particular has strong
impacts on photosynthetic efficiency.

New Insights
into the Photoregulation
of Cellular Morphology
in F. diplosiphon

Whereas the regulation of pigmentation
changes during CCA has been investi-
gated broadly,*?
ning to unravel the molecular basis of the

light- and RcaE-dependent regulation

research is only begin-
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Figure 1. Siderophore production by Fremyella diplosiphon in response to iron limitation. SF33
cells were spotted on (A) BG11 plates containing Chromeazurol S (CAS), i.e., BG11 + CAS or (B)
BGI11, + CAS, grown for 15 days under white illumination of 20 umol m?s”, and imaged.

of cellular morphology and filament
length.*” Our group has demonstrated
that RecaE is the photoreceptor responsible
for directing light-dependent changes in
cellular morphology and filament length
during CCA.*> We also demonstrated
that response regulators RcaF and RcaC,
which function downstream of RcaE in
the pigmentation response,*’
sary for RL-dependent regulation of cel-
lular morphology’ Most recently, we
reported on the characterization of a novel
factor, FdTonB, which is required for
regulation of cellular morphology in GL.¢
FdTonB is a member of the TonB fam-
ily of proteins that classically have been
implicated in organismal responses to iron
limitation.>®!° The existence of TonB pro-
teins in cyanobacterial systems has only
recently been confirmed.®!! Our analysis
of FdTonB function is the first report of
the characterization of the physiological
role of a TonB protein in cyanobacte-
ria.® Detailed analyses of a AzonB mutant
strain, including assessment of cellular
morphology, growth responses, and pig-
ment accumulation in iron-replete and
iron-limited media under both RL and
GL, demonstrated that in F. diplosiphon
FdTonB has a role in the photoregulation

are neces-
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of cellular morphology in GL, but does
not appear to exhibit the classic TonB
function of contributing to organismal
responses to iron limitation.® These find-
ings establish the first GL-specific com-
ponent associated with the regulation of

cellular morphology in F. diplosiphon.

Light-Dependent Regulation of
Cellular Responses to Iron
Limitation in F. diplosiphon

Although FdTonB was not associated with
adaptation under iron-limited growth
conditions, we did identify a novel inter-
action between light and iron acclimation
in F diplosiphon.*'> Whereas SF33 cells
grown under RL display classic responses
including retardation of growth when
iron limitation is imposed, cells grow-
ing in iron-depleted medium under GL
showed no responses to iron limitation.*'?
The growth rate of SF33 cells in GL was
nearly indistinguishable for cells grown in
BG11 compared to those grown in BG11
medium.®"? In addition, pigment accu-
mulation of the cells was observed to be
lower in iron limitation particularly under
RL conditions, whereas similar pigment
accumulation was detected for GL-grown
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iron-deficient cells when compared to the
pigment content of the cells grown under
an iron-replete condition.®'

Siderophore production is often asso-
ciated with growth under iron limita-
tion.'”" Siderophores are compounds that
are excreted extracellularly, chelate iron,
and result in increased intracellular iron
concentration when the siderophore-iron
complexes are transported into cells and
the bound iron is released.'™® To inves-
tigate the production of siderophores in
F. diplosiphon, we analyzed siderophore
secretion using a plate-based diffusion
assay. Chromeazurol S (CAS)-containing
agar plates were prepared as described.®'
A 1-ml aliquot of SF33," or AtonB mutant
cultures that had been grown to an A |
of ~0.1 was pelleted and the pellet washed
with BG11 or BG11 , medium and resus-
pended in 100 ul of corresponding growth
medium. Ten wl of the resuspended cells
were spotted on a white surfactant-free
filter (Millipore, Billerca, MA) placed on
top of medium in the BG11 + CAS and
BGI1, + CAS plates. Plates were kept
under white illumination of 20 umol m?
s for 15 days. SF33 cells produced sidero-
phores in the presence of CAS on BG11
medium plates, resulting in the produc-
tion of a yellow/white halo around the
spotted cells (Fig. 1). The halo was lack-
ing for cells grown on BG11 + CAS plates
(Fig. 1). We observed a similar response
for AtonB mutant on the CAS plates for
both the nutrient conditions (data not
shown). The exact chemical nature of the
siderophores produced by F. diplosiphon

requires additional investigation.

Perspectives on TonB Function
and the Photoregulation of Iron
Acclimation in F. diplosiphon

A TonB-dependent receptor transport
protein is known to interact with TonB
and cell-shape periplasmic protein MreC
in the bacterium Caulobacter crescentus.'®
Cells depleted of MreC protein acquired
gross changes in cell shape and defects in
the integrity of the peptidoglycan layer.'®
This result, taken together with our iden-
tification of a role for FdTonB in the
photoregulation of cell shape in GL in F.
diplosiphon,® strongly supports a model
in which FdTonB could be interacting
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with cell wall biosynthetic complexes dur-
ing the photoregulation of cellular mor-
phology that occurs during CCA. Upon
mutation of zonB, FdTonB could fail to
interact with the cell wall complexes,
thereby interfering with the integrity of
the peptidoglycan layer and impacting
cellular morphology. Previous reports
that the expression of ronB is upregulated
under GL,*' the conditions under which
F. diplosiphon cells are elongated"* and
would presumably require additional syn-
thesis of cell wall components, as well as
the GL-specific defect in cellular morphol-
ogy for a AtonB mutant fit this proposed
model. In the Gram-negative bacterium
Escherichia coli, TonB is a cytoplasmic
membrane protein that spans the peri-
plasmic space and functions to transduce
energy to outer membrane receptors using
the cytoplasmic membrane-derived pro-
ton motive force.” Notably, one current
model of TonB function during energy
transduction suggests that TonB shuttles
between the cytoplasmic and outer mem-
branes during the course of energy trans-
duction.’® In future studies, it would be
interesting to investigate the localization
of FdTonB, which could provide strong
evidence of the functional role of TonB in
F. diplosiphon.

Although our results support a role for
FdTonB in the GL-dependent regulation
of morphology in F. diplosiphon, canoni-
cal TonB proteins impact the regulation
and transport of ferric-iron complexes and
vitamin B12 across the outer membrane in
Gram-negative bacterial cells.’® However,
our recent study demonstrates that the
growth of SF33 and a ronB truncation
mutant strain are similar in the presence
and absence of iron in the BGI11 growth
media.® Thus, although we show here that
F. diplosiphon secretes siderophores under
iron-limited growth conditions (Fig. 1),
we do not expect that FdTonB impacts
siderophore production or iron scavenging

in F. diplosiphon.
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As we demonstrated that F. diplosiphon
secretes siderophores under iron-limited
growth conditions when grown in white
light (Fig. 1), it would be interesting to
assess whether siderophore production is
differentially impacted by RLvs. GL, adis-
tinct possibility given the light-dependent
differences in iron acclimation observed
for F. diplosiphon. In summary, in addi-
tion to representing the first functional
analysis of a cyanobacterial TonB protein,
our recent study implicates novel TonB
functions for FdTonB in the photoregula-
tion of cellular morphology rather than in
iron acclimation. Our studies also led to
identification of a novel, intriguing inter-
action between light and iron acclimation
in F. diplosiphon. Further studies of iron
acclimation in this organism are likely to
provide insight into unique organismal
responses to iron limitation.
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