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Review 

Climate Change and the Single Cell 
Derek T. A. Lamport 

University of Sussex. email: derekt.t.a.lamport@googlemail.com; Phone: 441273486430 

Abstract: “The power of movement in plants” by Charles Darwin details many examples of 
oscillatory growth exemplified more recently at the single cell level by pollen tube tip oscillations 
and associated ion fluxes, particularly Ca2+and H+. That implies an underlying growth oscillator 
based on the recent discovery that classical AGPs bind Ca2+ at the cell surface. The juxtaposition of 
AGPs with three other components embedded in the plasma membrane is evidence of a Ca2+ cycle 
that generates cytosolic Ca2+. It involves Ca2+ channels, auxin efflux “PIN” proteins and an auxin-
activated proton pump that dissociates AGP-Ca2+ on demand. While the apparent simplicity of this 
system satisfies Occam’s Razor its hypothetical role as a global growth oscillator demands rigorous 
experimental appraisal. The wide ramifications extend from pollen tubes to stomatal guard cells. 
Stomata act as crucial components of a water hypercycle that contributes to homeostasis of a 
warming planet by regulating evaporative cooling, reflective cloud cover generated by vast forests 
and the high albedo of snow-capped mountains including polar ice-caps . The Gaia hypothesis of 
James Lovelock and Lynn Margulis is a brilliant metaphor. 

Keywords: climate change; stomata; growth oscillator; arabinogalactan protein; Gaia hypothesis 
 

Sceptics stimulate the quest for better models of the world we inhabit. The medieval sceptic 
William of Occam (1285-1347) was excommunicated, or in modern parlance, non-platformed, for his 
controversial views that remain the bedrock of modern scientific enquiry. Entia non sunt 
multiplicanda praeter necessitatem... [Occam] 

Today we face complex issues with climate change paramount. How can plant scientists 
contribute to the debate (Eckardt et al. 2023)? Which has the greater influence? Water deficit or CO2 
abundance? Inspired by Occam we suggest a simple approach based on plant biochemistry at the 
single cell level, specifically stomatal guard cells. This involves the novel role of classical AGPs 
juxtaposed with the plasma membrane proton pump that dissociates AGP-Ca2+ and thus underpins 
Ca2+ homeostasis; the profound ecological consequences prompt this brief essay. Our working 
hypothesis suggests that AGP adaptations extend the habitable space in several ways; First and 
foremost stomatal regulation is a crucial component of global homeostasis; and secondly AGPs 
enable growth under highly saline conditions. Therefore, we describe those adaptations and detailed 
evidence for the growth oscillator to show how they may enhance plant survival under the extremes 
induced by climate change. These adaptations also support the Gaia hypothesis of James Lovelock 
and Lynn Margulis; i.e. regulation of the environment is homeostatic. 
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Figure 1. Photograph of the Earth taken on December 7, 1972, by the crew of the Apollo 17 spacecraft 
en route to the Moon at a distance of about 29,400 kilometres (18,300 mi). Planet Earth appears as a 
single cell floating in space. 

Despite recent advances many intractable problems remain in major fields including both 
physics and biology. Both involve protons as primary players.  

James Bonner (1934) first noted that protons enhance extension growth of oat coleoptiles but the 
precise mechanism of such “acid growth” remains speculative focussed largely on biophysical cell 
wall properties assuming they depend directly on protons secreted by the proton pump. Although 
that has revealed tantalising results involving the role of pectin, definitive biochemical description 
remains elusive. Surprisingly, an alternative approach involving the recent growth oscillator 
hypothesis is relevant to climate change ... it proposes that protons affect wall properties indirectly 
rather than directly, but how is Bonner’s problem relevant to climate change?  

While much work invokes Ca2+ as a regulator of plant growth, the plasma membrane proton 
pump also plays an essential role in “acid growth”. Recently, a direct connection between proton 
efflux and Ca2+ influx suggests that in addition to auxin efflux “PIN” proteins and Ca2+ channels, 
AGPs and proton pumps embedded in the plasma membrane comprise a simple oscillator that 
regulates cytosolic Ca2+. Arguably the oscillator is involved in numerous dynamic aspects of plant 
biology from tip growth of pollen tubes to stomatal regulation. This revisionist view of proton pump 
and AGP interactions has widespread consequences that require critical analysis; the biochemical 
evidence summarised here leads us to consider the crucial role of stomata in the water cycle and its 
contribution to global homeostasis. 

First we consider how the structure of classical arabinogalactan glycoproteins (AGPs) connect 
proton efflux with Ca2+ influx. 
AGP structure and function. 

The isolation of cell walls of algae like Chlorella (Northcote 1958) led to the isolation of cell 
suspension cultures of higher plants and their pure primary cell wall containing hydroxyproline rich 
proteins extensins. AGPs isolated later by iso-electric focusing as an acidic protein-polysaccharide 
complex (Lamport 1970) with non-contiguous Hyp differed from the contiguous Hyp of the extensin 
Ser-Hyp4 signature sequence. Thus, Hyp contiguity encodes glycosylation with short arabinosides in 
extensin but small acidic arabinogalactan-oligosaccharides in AGPs suggesting quite a different 
signalling function rather than purely structural.  

Classical AGPs are predominantly cell surface and readily solubilised although a substantial 
proportion is GPI-anchored to the plasma membrane (Lamport et al. 2006). Classical AGPs are thus 
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in prime position as major components covering the outer surface of the plasma membrane. Faced 
with the huge multiplicity of AGPs in the genome our conclusions might appear over simplified! 
However, classical AGPs purified by Yariv precipitation represent by far the major bulk of AGPs; 
most other AGPs actually minor cellular components confuse the issue that was resolved by 
structural elucidation of the classical AGP glycomodule. 

AGP arabinogalactan was long considered an intractable mixture resistant to structural 
elucidation until the structural analysis of small Hyp-oligosaccharide fragments purified from 
alkaline hydrolysates of intact AGPs. Further analysis of these fragments by high resolution nuclear 
magnetic resonance techniques identified the precise linkage analysis of a 15-residue consensus 
structure (Figure 2.) consisting of a beta1,3 galactan backbone with two sidechains terminated by 
glucuronic acid residues. Molecular modelling and molecular dynamics simulations showing the 
close proximity of their twin carboxyls identified potential intramolecular Ca2+-binding sites. (Figure 
2B). That Eureka moment of truth was verified by quantitative analysis showed quantitative binding 
of Ca2+ by AGPs. Further assay of Ca2+-AGP binding showed its pH dependence, thus juxtaposition 
of AGPs and proton pump makes dissociation inevitable under “acid growth” conditions and 
identified an extracellular source of cytosolic Ca2+ that established a major role for cell surface AGPs 
as a dynamic Ca2+ reservoir. Indeed, the tip-focused Ca2+ gradient of oscillatory pollen tube growth 
(Hepler et al. 2006) shows that such cytosolic oscillations are widespread including stomata. This 
novel role for proton pumps and AGPs as membrane embedded components of a global growth 
oscillator represents a paradigm shift currently overlooked by several recent reviews with the notable 
exception of (Hromadova et al. 2021) (Boerjan et al. 2024; Delmer et al. 2024; Domozych, LoRicco 2024; 
Geitmann & Bacic 2024; Jobert et al. 2023; Jonsson et al. 2021; Yu, Zhang, Cosgrove. 2024). This may 
imply legitimate scepticism based on lack of experimental evidence for Gaia as a verifiable 
hypothesis. However, the pivotal role of stomata and their underlying function in the global water 
cycle depends on extensive evidence for an essential AGP-Ca2+ growth oscillator discussed here. 
Finally we consider how the growth oscillator and its ramifications enable plant adaptation and 
contribute to global homeostasis. 

 

Figure 2. AGP glycomodule subunit. A. The linkage connectivity of sugars in the repetitive 15-residue 
consensus Hyp–arabinogalactan A1–6 arabinose residues; G1–3 galactose mainchain residues; Ga and 
Gb, galactose sidechain residues; R1 and R2, rhamnose sidechain residues; GlcA, glucuronic acid 
sidechain residues; Hyp, hydroxyproline。 B. Three-dimensional molecular model Eureka moment 
depicts a Hyp–AG with a Ca2+ ion (green) bound by twin glucuronic (GlcA) carboxylates (red); the 
galactan backbone is in dark blue and sidechains in light blue. [Reprinted from Lamport & Varnai 
(2013). 

The Eureka moment of truth revealed by molecular modelling (Figure 2.) identified twin 
glucuronic acid residues in AGP glycomodule subunits (Tan et al. 2010). A 2:1 glucuronic acid:Ca2+ 

B 
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binding stoichiometry (Lamport & Varnai 2013) implied a role in Ca2+ signalling/homeostasis where 
classical AGPs act as a dynamic Ca2+ reservoir at the cell surface as the source of cytosolic Ca 
oscillations. These observations arguably solve the major problem of classical AGP function further 
corroborated by the use of multiple glucuronosyl transferase knockouts that severely impair Ca2+ 
homeostasis, indicating that glucuronic-bound Ca2+ is an essential source of cytosolic Ca2+ (Lopez-
Hernandez et al. 2020; Ajayi, et al. 2021) discussed further in (Lamport 2023). This may help to explain 
the ubiquity of classical AGPs in the Plant Kingdom and their Ca2+-binding properties: “AGPs are 
implicated in many developmental processes. (Cosgrove 2023). We hypothesize that classical AGPs of the cell 
surface define the primary role of an auxin-activated proton pump as an essential component of 
calcium homeostasis that regulates many aspects of plant biology that include plant tropisms, pollen 
tube growth, gravitropism, phyllotaxis and stomatal dynamics, as follows: 
Tropisms: (Lamport et al 2014) 

The power of movement in plants (Darwin 1880) describes how plants respond to specific 
stimuli from gravity to light with characteristic tropes. Such expression defined by botanists as 
tropisms are auxin dependent and the result of unequal growth by cell extension. 

Numerous auxin-dependent tropisms range from thigmotropism to gravitropism and 
phototropism summarised by Table 3 of (Lamport et al 2014) where expression of AGPs, Ca2+ 
signalling and proton pump activity is evidence of widespread oscillator activity in many cells and 
tissues discussed as follows: 
Pollen tube tip growth: (Lamport et al. 2018) 

The simplest cell wall model exemplifies Occam: At the pollen tube tip the cell wall is a simple 
pectin matrix that lacks a cellulosic framework. This model stimulated much research particularly by 
Hepler and his colleagues. They noted that ions play a crucial role in the control of pulsatile 
oscillatory pollen tube growth (Hepler et al. 2006) with the crucial observation that cytosolic 
Ca2+oscillations form a steep intracellular tip-focused gradient with H+ also forming an intracellular 
gradient with a slightly acidic domain at the extreme apex....their additional insights also noted the.... 
“transmembrane pH gradients, driven by the H+-ATPase” suggesting “a close coupling between the 
intracellular [Ca2+] gradient and extracellular influx” and pectin de-esterification providing numerous 
possible binding sites, hence the possible source of Ca2+ influx “that must be considered in any model of 
pollen tube growth” summarising these observations quite prophetically: “it is clear that some form of 
Ca2+ storage is required to account for the marked phase separation in the expression of the intracellular Ca2+ 
gradient and the influx of extracellular Ca2+. Remarkably, that inference predates AGP-Ca2+ binding 
(Lamport & Varnai 2013) and is consistent with the current model that involves Ca2+ binding by twin 
glucuronic acid carboxylate ions of classical AGPs. 

Our current model postulates that a growth oscillator regulates tip growth by involving a plasma 
membrane proton pump that dissociates cell surface AGP-Ca2+ as the source of cytosolic Ca2+. Indeed, 
proton pumps and AGPs invariably coincide in all metabolically active tissues. Thus the presence 
of tissue AGPs act as a proxy for growth oscillator activity, depicted metaphorically as a molecular 
pinball machine (Lamport et al. 2021), widespread throughout the Plant Kingdom briefly 
summarised below! 

Root gravitropism: (Lamport et al. 2022) Close cooperation between the two major cell surface 
glycoproteins, extensins and AGPs resolves the root-shoot gravitropism paradox. Auxin enhances cell 
extension of shoots but inhibits root cell extension! Thus the presence of root AGPs (Hromadová et 
al. 2021) suggests that regulation of growth in roots involves interaction between both extensins and 
the growth oscillator: The role of hydroxyproline-containing protein (extensin) in the cessation of cell 
elongation” proposed by Cleland & Karlesnes (1967) implies that a protein network of crosslinked 
extensin slows cell expansion by stiffening the wall in both stems and roots or even loosening the 
wall (Rodriguez-Garcia et al 2024). The difference in the auxin response depends on crucial 
differences between the biochemistry of roots and shoots. Notably, roots express NADPH oxidase, 
and superoxide dismutase which generate hydrogen peroxide [H2O2] (Foreman et al. 2003) a co-
substrate of root peroxidases (Dunand et al. 2007) (Krieger et al. 2016). They also include extensin 
peroxidase (Everdeen et al. 1988) that generates di-isodityrosine crosslinked extensin networks (Held 
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et al. 2004) that decrease cell expansion. Epidermal cells in the root elongation zone express a specific 
extensin LeExt1. Thus increased extensin crosslinking on the lower concave side decreases its growth 
rate and the root bends down. Numerous papers invoke a role of Ca2+ in root gravitropism including 
AGPs (Hromadová et al. 2021) hence evidence of an active growth oscillator.  
Phyllotaxis: 

An additional crucial role of the growth oscillator arguably involves phyllotaxis and the origin 
of floral symmetry in the stem apical meristem SAM (Lamport et al. 2020). Cytosolic Ca2+ waves 
activate exocytosis of wall precursors. AGPs and PIN proteins are critical determinants of an 
algorithm that generates the phyllotaxis spiral. Primordia are initiated in a “generative annulus”, a 
thin band of AGP-rich protodermal cells that encircle the outermost cell layer of the stem apical 
meristem. This may account for the rotational symmetry that predominates in dicot floral phyllotaxis: 
Speculatively, Fibonacci hybridisation between plants with one, two, three, five and eight petals 
yields the classic Fibonacci series of up to thirteen and more!! 

Rapidly expanding cells of the protoderm transmit the stress vector via anticlinal walls towards 
slower expanding cells; that stress relocates the PIN proteins so that auxin moves against its 
concentration gradient towards cells that initiate primordia when auxin reaches a critical threshold 
level while depleting the auxin of less rapidly expanding cells. Attenuation of the stress vector by 
intervening auxin depleted distal cells slows their expansion until a boundary “tipping point” of 
minimum cell expansion appears where the stress vector reverses its direction with concomitant 
reversal of PIN protein polarity (Feraru et al 2011). Thus, a new auxin gradient increases towards a 
new stress vector initiated by cell expansion of a newly formed primordium. Hence, auxin waves 
appear as peaks that generate new primordia separated by auxin troughs. 
Stomatal regulation:  

Stomata provide a critical test of the growth oscillator (Lamport 2023) and their global 
significance. Stomatal Ca2+ oscillations (Minguet-Parramona et al. 2016) and the abundance of 
stomatal AGPs (Giannoutsou et al. 2016) suggest their role in Ca2+ K+ and malate ion fluxes that 
regulate guard cell turgor and stomatal aperture. The growth oscillator is itself regulated by turgor 
as a direct result of the K+ osmoticum (Humble & Raschke 1971). This may also involve feedback via 
Hechtian adhesion (Yoneda et al. 2020) of the plasma membrane to the cell wall typically mediated 
by terminal rhamnose of Arabidopsis AGP57c linked to the reducing end of Rhamnogalacturonan-I 
pectin (Tan et al. 2013) 

As prominent components of guard cells, AGPs are therefore the source of Ca2+ oscillations; their 
frequency and amplitude trigger opening and closure by cation osmolyte influx and efflux, 
respectively. Not surprisingly, metabolic activity, highest in turgid cells, triggers the highest cytosolic 
Ca2+ oscillations (Young et al.2006). In open stomata, the high malate concentration (25 µM cytosol; 
464µM vacuole (Jezek & Blatt 2017) is of particular significance; as malate is the counter ion for 
massive K+ influx; malate also chelates excess Ca2+ that might otherwise overwhelm the cytosol. 
However, flaccid guard cells of closed stomata are virtually quiescent with low metabolic demands 
just sufficient to open K+ efflux channels and convert malate to starch. Such low demands presumably 
reflect the much weaker Ca2+ oscillations hence a low level of metabolic activity. This may resolve the 
apparent paradox of Ca2+ required for both opening and closing stomata (Kim et al. 2010; Minguet-
Parramona 2016; Ng et al. 2001; Young et al. 2006.) 
How do plants affect climate change?  

Stomata evolved from Occam simplicity. Competing demands have driven the evolution of 
extreme complexity in stomatal regulation exemplified by (Hossain et al. 2011 and Chen et al 2024)! 
How are the single guard cells of stomata particularly relevant to climate change and water 
conservation? At the single cell level the first land plants developed a waterproof cuticle at the cell 
surface. It had the obvious drawback that restricting water loss also restricts CO2 entry. Water is the 
single most obvious factor limiting the growth of plants that responded by evolving Bryophytes and 
their sporophyte with efficient spore dispersal via an upright growth habit with a transpiration 
stream that increased water dependency requiring water conservation. Hence the evolution of novel 
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epidermal stomata consisting of two kidney-shaped guard cells (well-named) whose turgor opens or 
closes a stomatal pore. Ion fluxes determine the size of this pore that regulates a trade-off between 
CO2 entry and water loss. Stomata optimise plant growth and reproduction by detecting the water 
status. The stomata of forests thus appear as major contributors to planetary homeostasis as follows: 
Initial evapotranspiration has a local cooling effect; its condensation forms a cloud heat shield 
reflecting solar insolation; finally precipitation generates snow-capped mountain ranges and polar 
ice-caps with the highest and most reflective albedo. (Figure 3.) Green life belts encircle the globe; 
tropical rain forests in the South and arboreal forests in the North. Both are compromised by 
deforestation that leads to reduced rainfall tipping points: drought exacerbates prolonged stomatal 
closure with concomitant hydraulic collapse of xylem vessels (Mantova et al. 2023). 

 

Figure 3. Gaia homeostasis: Water, CO2 and N2. 

The subtle connection between AGPs, stomata and climate is consistent with the holistic 
feedback system described by James Lovelock and Lynn Margulis (1972). The Gaia Hypothesis 
postulates a protective atmosphere generated by life that enables life itself to exist on Planet Earth. 
Indeed, the current search for extra-terrestrial life focuses on the aerobiology of exoplanetary 
atmospheres compromised by the solar wind but stabilised by the magnetosphere generated by an 
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iron core that maintains the delicate balance between a living planet and a dead planet like Mars. 
Indeed, the significance of cloud cover also includes the nitrogen cycle dependent on electric 
discharge of a negatively charged storm cloud base to fix nitrogen as nitrogen oxides and nitrates 
essential to plant growth. Clouds involve beautifully intertwined factors summarised poetically by 
William Wordsworth’s Daffodils: I wandered lonely as a cloud. 
Fresh Water availability. 

Oceans contain more than 97% of the Earth’s water and cover more than 70% of the earth surface, 
yet water deficit is a greater problem than CO2 abundance. 

Thus, higher plants including most crop plants generally cannot tolerate high salt levels and are 
restricted to a relatively small amount (~3%) of “fresh water”. Escaping that limitation is of great 
interest. Halophytes have adapted by excretion of excess salt or sequestration in the vacuole. Many 
Succulents such as cacti have compromised by slower growth but with efficient water storage 
exemplified by Baobab trees; xerophytes have developed thickened lignified cell walls, deeply 
sunken stomata and a fortified sculptured leaf surface densely covered by waxes, hairs etc. 

Remarkably, despite the oceanic high salt level, two small groups have returned to a marine or 
semi-marine habitat. They include mangroves and sea grasses. Both form complex ecosystems. Both 
use different strategies to cope with high salt. Mangroves and other halophytes secrete salt (facilitate 
Na+ removal from the cytosol to the apoplast). However, Sea grasses like Zostera are uniquely 
adapted to a totally submerged marine habitat and form extensive intertidal sea meadows of 
considerable ecological significance. High levels of Na+ compete with AGP-bound Ca2+ and thus 
disrupt Ca2+ homeostasis. Zostera has solved this problem by evolving modified AGPs with high 
levels of glucuronic acid that enhance Ca2+binding (Pfeifer et al. 2020) The overall versatility of AGPs 
is truly astonishing. This raises the question how do marine algae cope with high salt yet presumably 
maintain Ca2+ homeostasis? Their sulfated polysaccharides with a higher affinity for Ca2+ than 
glucuronate carboxyls suggest an answer. Indeed, the intertidal chlorophyte Ulva lactuca (sea lettuce) 
has arabinogalactan proteins as well as sulphated polysaccharides (ulvans) (Reis et al. 2020). This 
suggests an ecological compromise as the intertidal zone of a rocky shore often contains brackish 
pools. Thus Ulva may switch from sulphated polysaccharides that enable Ca2+ homeostasis in sea 
water to AGPs under brackish conditions. SO42- binds Ca2+ more strongly than COO- thus enhancing 
Ca2+ binding under saline conditions. 
Climate crisis mitigation. 

Self-regulation involves Ca2+ homeostasis in both Plant and Animal kingdoms but with 
profound differences. Plants store dynamic Ca2+-binding AGPs at the cell surface; animals lack AGPs 
and store dynamic Ca2+ in the ER. However, in both plants and animals, intracellular EF-hand calcium 
binding proteins are central players in all aspects of Ca2+ homeostasis. Their relevance to climate 
change becomes clear when considering the balance between water loss and CO2 uptake is regulated 
by stomatal guard cells and their abundant AGPs. Planet Earth has evolved incredibly diverse 
homeostasis based on a protective green layer of plant life...that not only regulates oxygen levels and 
carbon capture but also a global thermal equilibria: huge forests provide evaporative cooling by 
transpiration that results in reflective cloud cover enhanced by polar ice caps, snow-capped mountain 
ranges with oceans as a heat sink. Forests also act as a carbon sink that mitigates increased 
atmospheric CO2. Finally vast chalk and limestone deposits of fossilised calcium carbonate have 
removed excess Ca2+ and CO2 from the environment, that include sequestration of coal, oil and gas 
deposits. Gaia is an increasingly acceptable metaphor for planetary self-regulation. Unfortunately, 
Homo sapiens has only recently recognised that self-regulation begins at home; some believe the 
“fantasy of fossil-fuel phaseout” and climate change as “junk science”! However, despite our 
propensity for self-destruction (Tainter 1988), as planetary custodians we have good reasons for some 
optimism including the goal of net zero by balancing; CO2 production and its removal. Alternative 
energy sources involve a worldwide dramatic increase in the production of solar panels about 80% 
by China! Even in the UK a projected green hydrogen plant in Grangemouth, near Falkirk Scotland, 
involving 62,000 solar panels will produce 3.6 tonnes of hydrogen per hour. The U.K. is also well 
placed to exploit large wind driven turbines with over 2000 wind farms that contribute ~20% of UK 
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electricity! International cooperation can make better decisions to avoid the 1.50C tipping point Table 
1. (irreversible climate change) and subsequent scenarios; for example by reversing deforestation 
(Kirschbaum et al. 2024) (Figure 4.) along with other major interventions: Beef production, palm oil, 
Sugarcane farms etc are responsible for massive deforestation. That includes worldwide coal mining 
and the continuous quest to extract oil from the Bakken shale formation, which stretches across the 
US midwest and Canada. Massive ecological damage has resulted in current legal challenges to 
specific fossil fuel projects in Alaska, Montana, Hawaii, Florida, Utah and Virginia. We can learn from 
dystopian poets like T.S. Eliot “Waste Land” and John Betjeman “Slough” and Thomas Gray “Elegy”. 

An increase of 1.50C Heatwaves and storms intensify, tropical corals die off and tipping points 
for ice sheet collapses and permafrost thawing may be triggered. 

An increase of 20C The brutal heatwave that struck the the Pacific north-west in 2021 would be 
100-200 times more likely. Increases in direct flood damage around the world doubles. 

An increase of 2.70C Two billion people would be pushed outside humanity’s “climate niche”, 
i.e. the benign conditions in which the whole of civilisation arose over the past 10,000 years. 

An increase of 30C Cities including Shanghai, Rio de Janeiro, Miami and The Hague would end 
up below sea level. 

An increase above 30C The impact of climate shocks in one place will cascade around the world, 
through food price spikes, food and water shortages, broken supply chains, and refugees in the 
millions. 

Table 1. Predicted Climate tipping points. 

Based on predictions of the IPCC Intergovernmental Panel on Climate Change 

 
Figure 4. Finally, we can learn to avoid fossil fuels and use the new powerful techniques of genetic 
engineering to increase the habitable range of crop plants. For example adaptation to high salinity 
marine conditions such as sea grass Zostera AGPs have increased glucuronic acid levels that enhance 
Ca2+ binding. The possibility of transgenic crop plants with modified AGPs may be quite beneficial. 
AGPs as keystone proteins of the Ca2+ signalling cascade play an essential role in global 
homeostasis....AGP location at the cell surface mirrors the role of the atmosphere in homeostasis of 
Planet Earth as a single cell floating in space. 

More than fifty years after their discovery AGPs provide a sense of completion! 
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