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Maize black Mexican sweet suspension cultured cells are a convenient
tool for studying aquaporin activity and regulation
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A_ quaporins (AQPs) are channel pro-

teins that facilitate and regulate
the permeation of water across biologi-
cal membranes. Black mMexican sweet
suspension cultured cells are a conve-
nient model for studying the regulation
of maize AQP expression and activity.
Among other advantages, a single cell
system allows the contribution of plasma
membrane AQPs (PIPs, plasma mem-
brane intrinsic proteins) to the mem-
brane water permeability coefficient
(P,) to be determined using biophysical
measurement methods, such as the cell
pressure probe or protoplast swelling
assay. We generated a transgenic cell
culture line expressing a tagged version
of ZmPIP2;6 and used this material to
demonstrate that the ZmPIP2;6 and
ZmPIP2;1 isoforms physically inter-
act. This kind of interaction could be
an additional mechanism for regulating
membrane water permeability by acting
on the activity and/or trafficking of PIP
hetero-oligomers.

Black Mexican Sweet (BMS)
Suspension Cell Cultures as a
Tool for Studying the Water
Relation at the Cell Level

Tight regulation of water movement in
plant tissues is essential for their growth
and development. Water transport through
cell membranes depends on the activ-
ity of channel proteins called aquaporins
(AQPs). Thirteen plasma membrane AQPs
or PIPs (plasma membrane intrinsic pro-
teins), clustered in two sequence-related
subgroups, PIP1 and PIP2, have been
identified in maize."” When expressed
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alone in mesophyll protoplasts, ZmPIP1s
are retained in the endoplasmic reticulum
(ER), whereas ZmPIP2s are targeted to
the plasma membrane.> However, when
ZmPIP1s and ZmPIP2s are co-expressed,
they form hetero-oligomers and are co-
localized in the plasma membrane.? Post-
translational modifications, including
phosphorylation and protonation, have
been shown to regulate PIP trafficking
and water channel activity.”” These data
highlight the importance of AQP regula-
tion in the modulation of cell membrane
water permeability.

BMS maize cultured cells and, more
generally, plant cultured cells are use-
ful systems for studying AQP expression
and regulation.*’® The whole plant is a
complex multicellular entity made up of
a wide variety of cell types organized into
highly regulated tissues that differ in their
gene expression profile and functions.
In contrast, a cell culture system consists
of a homogenous cell population origi-
nating from a single cell type and may,
in this sense, be seen as a complementary
“low complexity” system to the whole
plant. This lower complexity might be
an advantage when it comes to dissecting
fine molecular tuning mechanisms such
as that regulating cell water permeability
via AQPs. Moreover, cell cultures possess
inherent advantages, such as a fast, repro-
ducible and well characterized growth
rate and a high yield of plant material.
In the case of a monocot species, such
as maize, transgenic cell lines are more
easily generated than whole transformed
plants, a process that requires experi-
enced personnel and large plant growth
infrastructures.
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Figure 1. ZmPIP2;l and ZmPIP2;6 physically interact in BMS suspension cells. A transgenic cell
line expressing 6His-cmyc-ZmPIP2;6 under the control of the ubiquitin promoter in the pAHC25
vector was obtained by biolistic bombardment.'® Proteins in the microsomal fraction of wild-type
BMS cells or BMS cells expressing 6His-cmyc-ZmPIP2;6 were solubilized using 0.035% (w/v) octyl-
B-D-thioglucopyranoside for 2 h at room temperature on a rotating wheel.3>*'° After centrifuga-
tion at 100,000 g for 30 min, the supernatant was subjected to Ni-column purification (Qiagen,
Germany) and the proteins separated by SDS-PAGE and analyzed by western blotting using
antibodies raised against ZmPIP2;| or ZmPIP2;6 (raised in our laboratory) or against cmyc (Santa
Cruz Biotechnology, CA) as described previously.'®'? Lanes | and 3: microsomal fraction of wild-
type BMS cells (1) or BMS cells expressing 6His-cmyc-ZmPIP2;6 (3); lanes 2 and 4: nickel column-
purified proteins from wild-type BMS cells (2) or BMS cells expressing 6His-cmyc-ZmPIP2;6 (4).
The ricin B chain homolog was purified due to the presence of a high number of histidine residues
at its N-terminus. The antibodies used for the detection are indicated on the left and the identity
of the immunodetected bands is indicated on the right.

It was recently shown that a cell pres-
sure probe can be used with cultured
cells to determine the membrane water
permeability coefficient (P)."" As proto-
plasts can also be rapidly prepared from
cultured cells, P, values obtained using
the cell pressure probe can be compared
to the results of the protoplast swelling
assay.” The combination of these biophysi-
cal methods with biochemical approaches
allows the contribution of the AQP to the
P, to be determined in a well defined single
cell system, thus bypassing the difficul-
ties encountered at the whole plant level
in assessing the contribution of the apo-
plastic path. We have shown that the P,
of BMS cells increases significantly at the
end of the logarithmic growth phase and
during the steady-state phase compared to
the lag phase, as do mRNA and protein
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levels of several PIPs, demonstrating a pos-
itive correlation between AQP abundance
in the plasma membrane and the cell P
However, the P, values obtained using the
cell pressure probe were much higher than
those measured by protoplast swelling,
suggesting that protoplast preparation
somehow affects the membrane water per-
meability and, thus, AQP activity.

Different Plasma Membrane PIP2
Aquaporins Physically Interact

Using Forster resonance energy transfer
and fluorescence lifetime imaging micros-
copy, we previously showed that ZmPIP1s
and ZmPIP2s physically interact in maize
mesophyll protoplasts to regulate PIP1
trafficking from the ER to the plasma

membrane.?> The interaction between
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ZmPIP1;2 and ZmPIP2;1 was confirmed
by immunoprecipitation experiments
using microsomal extracts from maize
roots and BMS cells and by nickel affin-
ity chromatography after expression in
Xenopus oocytes.>* We used BMS cells
to determine whether different PIP2 iso-
forms also interact. As BMS cells can be
easily transformed by biolistic bombard-
ment, we decided to generate cell lines
expressing ZmPIP2;6 fused to a 6His and
a c-myc tag at the N-terminus.

The

transgenic line expressing the tagged

microsomal fraction from a

ZmPIP2;6 was solubilized using octyl-
B-D-thioglucopyranoside and subjected
to Ni-column chromatography and the
bound proteins immunoblotted using
anti-ZmPIP2;1, anti-ZmPIP2;6, or anti-c-
myc antibodies. Interestingly, ZmPIP2;1
co-purified with the tagged ZmPIP2;6
(Fig. 1), demonstrating a physical interac-
tion between ZmPIP2;1 and ZmPIP2;6.
The intermediate band of 35 kD detected
by the ant-ZmPIP2;6 antibodies was
analyzed by mass spectrometry and shown
to correspond to a homolog of the rice
ricin B chain and not to a modification
of ZmPIP2;6. Ricin B chain shares an
epitope of 5 amino acid residues with the
17 amino acid peptide used to prepared
the anti-ZmPIP2;6 antibodies.'?

These data showed, for the first time,
that ZmPIP2s not only interact with
ZmPIP1s, but also with other ZmPIP2s.
It was demonstrated that the interac-
tion between ZmPIP2s and ZmPIPIs is
required for PIP1 trafficking to the plasma
membrane in order to modulate the plasma
membrane permeability.* The
interaction between different ZmPIP2s,
mainly localized in the plasma membrane
under normal conditions, could provide
cells with an additional mechanism for
regulating their membrane permeability
by modifying water channel activity and/
or trafficking of PIP2 hetero-oligomers.
Post-translational modifications, such as
phosphorylation, might also play a role,
for example by promoting this interaction
or by acting on the activity and/or traf-
ficking of the complexes.*!
these ideas are speculative and further

water

However,
work is required to reveal the mechanism

of formation, and the role and regulation,
of these hetero-oligomers.
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Conclusions

BMS maize cultured cells constitute a use-
ful tool for studying AQP regulation and
activity. We used this system to demon-
strate that different ZmPIP2 isoforms
physically interact. The role of the forma-
tion of ZmPIP2 hetero-oligomers remains
to be determined. This study emphasizes
the usefulness of a low complexity cell
system in elucidating the role of an AQP
in the cell water relation and is a comple-
mentary approach to studies at the whole
plant level. Such a system might be of par-
ticular interest when studying the traffick-
ing or post-translational modifications of
given AQP isoforms and the connection
between these regulation mechanisms and
changes in membrane water permeability.
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