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Metabolismo de PA en el parásito Trypanosoma cruzi
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Formas intermedias-una forma preadaptativa

Metaciclogénesis

Aumenta la osmolaridad

Aumentan las 
formas intermedias
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Estrés salino- formas intermedias del parásito
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Actividades PLC y lipido quinasas en formas intermedias de Tc
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Fosfatidato fosfatasas en formas intermedias de Tc
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Diacilglicerol pirofosfato: estudios biofísicos
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Diacylglycerol pyrophoshate:

Diacylglycerol pyrophosphate (DGPP) is a novel phospholipid found
in biological membranes, with a relatively simple chemical structure

within the glycerophospholipid family

Diacilglicerol pirofosfato: estructura
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DGPP is synthesized from PA and ATP via the reaction catalyzed by PAK 
and dephosphorylated to PA by the enzyme DGPP phosphatase

Diacilglicerol pirofosfato: metabolismo
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Both enzymes were identified in several plants, bacteria and eukaryotic microbes but in mammalian cells
such phospholipid has not been identified to date.

Diacilglicerol pirofosfato: ¿dónde estás?
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The average concentration of DGPP in cell membranes is usually very low but recent evidence suggests that
DGPP may act as a novel second messenger with important roles in diverse cellular processes related to

drought and osmotic stress or salinity.

Diacilglicerol pirofosfato: implicancia en el estrés
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DGPP is an anionic phospholipid with a pyrophosphate group attached to
diacylglycerol. It has been suggested that, depending on the pH, the

pyrophosphate moiety of DGPP could display 2 or 3 negative charges making it
a highly polar molecule. Although it has not been demonstrated in vivo, it has 

also been suggested that the pyrophosphate group may play an important role 
for electrostatic interactions between DGPP and proteins as well as bivalent

cations like Zn2+ and Ca2+.

Diacilglicerol pirofosfato: mecanismo de acción
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Mechanism of DGPP action in diverse processes is not yet clear, although two 
possibilities are likely. 

DGPP may function through the 
activation/recruitment of effector proteins 
by direct interaction.

and/or by a modulation of membrane properties 
such as packing, curvature and electrostatics.

Hence, it is of great importance to first understand the interfacial packing and 
electrostatic behavior of this bioactive lipid as well as the interaction of this 

molecule with its precursor.

Diacilglicerol pirofosfato: al menos dos alternativas
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Little is known about the interaction of PA with DGPP and if these lipids 
can molecularly mix, with or without interactions that may modify their 
individual properties.

Molecular packing, in-plane elasticity, and surface electrostatic of 
films of pure DGPP, and on the variation of those properties that occur 
as a consequence of intermolecular interactions between DGPP and
PA in mixed monolayers at the air-water.

Diacilglicerol pirofosfato: estudios biofísicos
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Taking the pyrophosphoric acid pKa’s (The pyrophosphoric acid 
exhibits four pKa’s values: pKa1= 0.91, pKa2= 2.10, pKa3= 6.70, 
pKa4= 9.32 (Lide, 2005). ) in consideration, we performed 
compression isotherms on subphases at pH 5 and at pH 8 with the 
aim of analyzing the effect of charge on the molecular packing 
behavior.

Diacilglicerol pirofosfato: carga del grupo pirofosfato
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Langmuir-type surface balance for determining the surface pressure and surface
potential as a function of average cross-sectional molecular area. γ is the surface
tension of surface occupied by lipid amphiphile and γ0 is the surface tension of
clean aqueous subphase.

Langmuir-type surface balance

Diacilglicerol pirofosfato: Langmuir film
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•DGPP forms liquid-expanded monolayers with no 
detectable pressure-area reorganization during the 
compression. 

•The lateral pressure increases monotonically with 
compressibility values from 20 mN m-1 to 60 mN m-1 
(Fig. B). The monolayer collapses at 43 mN m-1 and 
0.57 nm2 and the lift off area is 1.5 nm2. 

•Lowering the subphase pH causes a diminution in the 
average molecular area (Fig. A) and an increase of the 
compressibility modulus (Fig. B) at lateral pressures 
higher than 5-10 mN m-1 (see inset in Fig. 2 B), with a 
slightly reduced collapse pressure (collapse point: 40 
mN m-1 at 0.46 nm2). The lift off area at this pH is 1 
nm2. 

•The compressibility modulus ranges from 10 mN m-1 
to 90 mN m-1, also indicating a liquid-expanded 
behavior (Davies and Rideal, 1963) that becomes more 
condensed under compression above 5-10 mN m-1, 
compared to the behavior at pH 8.

Compression isotherms for monolayers of diacylglycerol pyrophosphate on 
subphases at the indicated pHs. 
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•Long and saturated hydrocarbon chains would interact through Van der Waals attractions, promoting more 
condensed monolayers. 

•By contrast, ionization of the lipid head groups should result in repulsive interactions, leading to loosely 
packed monolayers (Brown and Brockman, 2007). 

The compression 
isotherms of 
monolayers for a 
particular lipid species 
depends on:

•the length and unsaturation of the hydrocarbon chain

• on the bulkiness 

•charge of the polar headgroup.

Thus, the observed compression isotherms of DGPP at pH 5 and 8 are in agreement with an 
increased electrostatic repulsion at pH 8 where a higher net charge (about -2.2 at pH 8 and about -
1.8 at pH 5) is expected, according to the pKa’s values for the pyrophosphate acid.

pH versus comportamiento interfacial
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Surface potential density as a function of the average molecular area. 

Resultant perpendicular dipole moment as 
a function of the mean molecular area at 
different pHs.
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In biological membranes, DGPP formation after stimulus takes place 
after a transient increase of the PA levels (Munnik et al., 1995). As a 
consequence, a temporary and local accumulation of DGPP and its 

precursor in the membrane is expected. This may affect the phospholipid 
packing during signaling processes. Since the monolayer packing 
properties are affected by the interactions with neighboring lipids 

(Maggio, 2004).
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Compression isotherms for monolayers of DGPP, PA and their 
mixtures on subphases at pH 8

• The mixtures are homogeneous on 
the micron scale (0.25  μm2), as 
revealed by either FM or BAM 
indicating that there is no formation of 
microscopic phase-segregated 
domains. 

•Mixed films of DGPP with its 
precursor PA also form liquid-
expanded films
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Compression isotherms for monolayers of DGPP, PA and their 
mixtures on subphases at pH 8

Mixed films of DGPP with PA  form liquid expanded films (Fig. 
4A). However, the compression isotherms are shifted to lower
average molecular areas, compared to either of the pure lipids
at lateral pressure below 20mNm−1. At higher lateral 
pressures, the mean molecular areas of the mixed films
approach to those of DGPP and are higher than those of PA. 
This leads to an increased compressibility modulus of the
mixtures compared to films of the pure lipids. The packing
behavior of the mixed films is non ideal at low lateral 
pressures.
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DGPP/ PA mezclas a pH 5 en presencia de un catión
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A) Monolayer of DGPP and their mixture with POPA in presence of ZnCl2 at pH 5. B) Representative 
fluorescent microscopy photos for monolayers on ZnCl2 pH 5 formed by mixtures of POPA with 0.25 and 
0.75 mole % of DGPP. 20 mN m−1 during compression. Photos size: 200×200 μm.

Zn2+ induces on monolayers of POPA a phase transition from a liquid-expanded to liquid-condensed at pH 5. The 
phase transition pressure increases as DGPP is added to the mixture and becomes less noticeable until it is no 
longer observed (DGPP mole% higher than 50%).

POPA POPA DGPP/POPA  1:3   DGPP/POPA  3:1      DGPP
(subphase 
without Zn2+)

Surface pressure 20 mN m-1
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Conclusiones finales

Our results indicate that the surface behavior of the individual lipids can be 
modified by changes of the relative lipid proportions, indicating their inherent
capability for transducing membrane events through dynamic variations of
molecular packing, in-plane elasticity, electrostatic interactions and compositional
changes. 

All these effects can constitute structural-electrostatic signaling events involving
DGPP that may be sensed both along themembrane surface and into the
surrounding aqueous environment whereupon regulate the recognition and activity
of bioactive ligands.
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ABA y PAP2 en Arabidopsis thaliana
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At contiene 5 genes PAP1 ortologos a los 
de cianobacterias y 4 genes PAP2/LPP

LPP2-2 participa en control negativo de
la germinación por ABA

ABA y PAP2 en Arabidopsis thaliana
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Col-0

AtLPP2

ACT2

Atlpp2-2
4 l      20 l     40 l4 l       20 l      40 l

A
Objetivo: estudiar el papel de LPP2 
en la respuesta a ABA mediante una
mutante Atlpp2-2 que contiene una T-DNA
inserción en el gen de AtLPP2

ABA y PAP2 en Arabidopsis thaliana
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Respuesta al ABA en la célula de la guarda

Col-0 LPP2-2 Col-0 LPP2-2

Las plantas Atlpp2-2
son menos sensibles 
al ABA 

Células de la guarda
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Tu tiempo es limitado, de modo que no lo malgastes viviendo la vida de alguien
distinto. 

No quedes atrapado en el dogma, que es vivir como otros piensan que deberías
vivir. 

No dejes que los ruidos de las opiniones de los demás acallen tu propia voz
interior. 

Y, lo que es más importante, ten el coraje para hacer lo que te dicen tu corazón y 
tu intuición. 

Steve Jobs


