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The peri-germ cellmembrane: poorly
characterized but key interface for plant

reproduction

M Check for updates

ollen is the male gametophyte of

flowering plants, the typically hap-

loid generation of the plantlife cycle

that produces the male gametes.

Upon germination, pollen grains
extend a pollen tube to transport the male
gametes (sperm cells) towards the ovules for
double fertilization of the female gametes
harboured by the female gametophyte or the
embryo sac. Pollen grains exhibit a unique
‘cell(s) within a cell’ organization. After mei-
osis, each single-celled microspore divides
highly asymmetrically to giverise to avegeta-
tive cell and a generative cell. The generative
cell is subsequently engulfed by the vegeta-
tive cell, separates from the external pollen
wall and thus becomes enclosed within the
large vegetative cell while migrating to the
centre of the pollen grain. Later in develop-
ment, the generative cell divides into a pair of
sperm cells. As a result of this developmen-
tal process, a unique membrane surrounds
the male germ cells (the generative cell and
subsequently the two sperm cells). Here we
propose to standardize and unify the name
of this membrane as the peri-germ cell mem-
brane (Fig.1a).

Over the past 50 years, only a few studies
have examined the peri-germ cellmembrane.
Nonetheless, it has been assigned multiple
names. For example, the peri-germ cell
membrane was identified in 1969 (ref. 1) as
the ‘generative cell envelope’. Subsequent
ultrastructural work in the 1980s led to new
names, including ‘internal plasma membrane
of the vegetative cell’, ‘inner plasma mem-
brane of the pollen grain’ and ‘inner vegeta-
tive cell plasmamembrane™® . Another study
referred to it as the ‘pollen tube inner plasma
membrane’ when considering the pollen
tube’. When the Arabidopsis small GTPase
RHO OF PLANTS 9 (AtROP9) was identified
as the first protein reported to locate to this
membrane, the authors named it the ‘invagi-
nated pollen tube plasma membrane’®. More
recently, when the maize NOT-LIKE-DAD pro-
tein (NLD; also known as MATRILINEAL (MTL)
or PHOSPHOLIPASE-A1 (ZmPLA1)) was found

to localize exclusively to the peri-germ cell
membrane, the authors named it the ‘pollen
endo-plasmamembrane”.

This diverse nomenclature causes confu-
sionand calls for theimplementation of acon-
sensus onterminology. Forexample, the term
‘generative cell envelope’istoorestrictive, as
the peri-germ cellmembrane also encloses the
two sperm cells. Similarly, the use of ‘pollen
tube’ in the nomenclature is not appropriate
because thismembraneisalso present before
pollen germination. Furthermore, using
‘plasma membrane’ could lead to confusion
with the classical plasma membrane (PM) of
the generative cell, sperm cells or vegetative
cell. Additionally, the term plasmamembrane
is misleading, given that the peri-germ cell
membrane may differin protein and lipid com-
position fromthe classical PM.

In Fig. 1, we show that three PM marker
proteins expressed in the vegetative cell do
not localize to the peri-germ cell membrane
(3xmNG-SYP121, 3xmNG-SYP132, and tdTo-
mato-LTI6b in Fig. 1c-e; see Supplementary
Methods). Conversely, NLD (Fig. 1b), the
engineered Lyn24 probe (a chimeric protein
thatassociates with detergent-resistant mem-
branes in metazoan cells)® (Fig. 1c), AtROP9®,
AtLARP6C (La-related proteins)'®and the glu-
tamate receptor like channels (AtGLR3.3)" all
localize to the peri-germ cell membrane and
eitherare absent fromthe PM of the vegetative
cell or only weakly label the vegetative cell
PM at pollen tube tips (in the cases of Lyn24
and AtROP9)® (Fig. 1¢). Last, lipid sensors dif-
ferentially mark the vegetative cell PM and
the peri-germ cell membrane, suggesting a
distinct lipid signature of the peri-germ cell
membrane’ that may be responsible for the
selective sorting of membrane proteins.
Together, these data underscore the impor-
tance of avoiding the term plasma membrane
when referring to this membrane. To reach
a consensus on terminology and facilitate
integration of future independent studies
in the field of sexual plant reproduction, we
proposeto designate the membrane envelop-
ingthe generative celland subsequent sperm

cellsthat represent the flowering plants’ male
germcells as the peri-germ cell membrane. We
opted for the prefix peri-, inspired by exam-
ples from cell biology where structures are
enveloped by plant membranes. For instance,
inarbuscular mycorrhiza symbiosis, the fun-
gal hyphae located within the plant cell are
encircled by a plant membrane known as the
periarbuscular membrane®, and in the symbi-
otic association between Rhizobium bacteria
and roots, rhizobial symbionts are enclosed
by a membrane derived from the plant PM,
referred to as the peribacteroid membrane'.
We encourage the research community to
adopt the term peri-germ cell membrane for
future use, to clarify and unify the nomencla-
ture. To avoid confusion, we advise the com-
munity to not use abbreviations as much as
possible, butin case anabbreviationis needed,
then use PGCM.

As we move forward, it is essential that
we deepen our insight into the function and
importance of the peri-germ cell membrane.
Previousworkindicated that the peri-germcell
membrane may have astructural rolein pollen
grains, as sperm cells not enclosed within the
peri-germ cell membrane do not remain con-
nected as a pair’. Moreover, this ‘cell(s) within
acell’ organizationimplies that if there is any
form of communication between the vegeta-
tive cell and the germ cells (either generative
or sperm cells), it mustinvolve the peri-germ
cellmembrane. In this context, it is alsoimpor-
tant to note that the inter-membrane space
between the peri-germ cell membrane and
the PM of germ cells should be considered
as an apoplast with unique features due to
its origin, the extremely close proximity of
the two membranes (-20-50 nm)*** and the
mobility of the germ cells within the vegetative
cell'scytoplasm. Furthermore, the peri-germ
cellmembrane attaches the germ cells to the
neighbouring vegetative nucleus in a struc-
ture named the male germ unit>>*"* (MGU;
Fig. 1la-c,e). Consequently, all male gameto-
phytic nuclei move as a unit within the pollen
tube to reach the embryo sac. Upon deliv-
ery of the MGU to the female gametophyte,
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Fig.1|Peri-germ cell membrane labelling differs from canonical PM makers.
a, Diagram highlighting the peri-germ cellmembraneina pollengrain.

b, Representative confocal images of amaize pollen tube expressing the peri-
germ cellmembrane-localized protein NLD-mCitrine and a vegetative nucleus
(VN)-localized H2B-mCherry under the control of the maize vegetative cell-
specific NLD promoter. Scale bar, 10 pm. ¢, Representative confocal images of
pollen tubes expressing the plasma membrane marker proteins 3 mNG-SYP121,
3xmNG-SYP132 and tdTomato-LTI6b under the control of the vegetative
cell-specific LAT52 promoter. The marker Lyn24-mNG, expressed under the
control of the vegetative cell-specific ACA3 promoter, is used as a marker of the

NLD-mCitring H2B-mCherry
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peri-germ cell membrane. Sperm and vegetative nuclei were labelled with
SYBR Greenlin the tdTomato-LTI6b marker line or with the ubiquitous
H2B-tdTomato nuclear marker in the other three lines. Scale bars, 10 um. d, Plots
of fluorescence intensities measuring transverse pollen tube (PT) sections at
sperm cell connections indicated by red dotted arrows in c. The x axis represents
thelength along these arrows, and zero indicates the starting point of the
section. Dashed lines indicate limits between outside and inside of the pollen
tube. e, Confocal images of male germ units (sperm cells and vegetative nuclei)
immediately after discharge from the pollen tubes after their rupture.
Scale bars, 10 pm. SN, sperm nucleus.

the peri-germ cell membrane is removed to
allow gamete fusion®. Recent cell biological
studies have visualized peri-germ cell mem-
brane breakdown upon fertilization®”, but
the mechanism(s) that regulate these phe-
nomena are unknown. Deciphering the roles
of the peri-germ cell membrane during both

pollen development and fertilization willbe  Frédéric Berger®°,

challenging, but will also be pivotal for advanc-
ing plant reproductive biology.
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