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INTRODUCTION:  
Neuropathy target esterase enzyme was originally 
identified as a target of organophosphate compound that 
is involved in their induction of peripheral neuropathy in 
humans (1). It is an endoplasmic reticulum-associated 
protein, mostly exposed on the cytoplasmic face of the 
membranes (2). NTE is highly conserved in eukaryotes but 
has homologues in bacteria as well (3). The mechanism of 
organophosphate neurotoxicity is that certain 
organophosphates act as pseudosubstrates for serine 
hydrolases, and the covalent organophosphorylated 
intermediate formed by this reaction is hydrolyzed 
extremely slowly, there by inhibiting the enzyme. Loss of 
activity disrupts PC homeostasis, resulting in neuronal 
and glial death (4). The normal role of NTE in nerves is not 
yet completely understood. 
NTE is also expressed outside of the nervous system in 
numerous organs, including the kidney, but its role in 
those tissues also is not yet fully characterized. GPC is 
one of the organic osmolytes normally accumulated by 
renal cells in response to high NaCl, both in vivo and in 
cell culture. Osmotic regulation of GPC by high NaCl has 
been studied in isolated renal inner medullary collecting 
duct cells, in cell cultures, and in vivo (5). It involves 
changes in both GPC synthesis and degradation. On the 
one hand, high NaCl inhibits the activity of GPC–choline 
phosphodiesterase, an enzyme that degrades GPC to 
choline and α-glycerophosphate; the slower degradation 

of GPC increases its concentration. On the other hand, 
high NaCl also raises phospholipase activity, enhances the 
rate of synthesis of GPC from PC in renal cells (6). This 
review article discusses the importance of NTE in 
metabolism and patho-physiological conditions. 
Structural biology of NTE and role in the physiology: In 
the adult animals, NTE is primarily localized in the 
nervous system but is also found in a variety of non-
neural tissues including intestine, placenta, and 
lymphocytes (1,7). Though NTE activity is not required for 
neurite initiation or elongation per se, it is essential for 
the optimal rate of neurite initiation (8). In rodents, 
constitutive deletion of the NTE gene is lethal during 
midgestation (9) and brain-specific deletion of NTE results 
in neurodegeneration (10), indicating that NTE is essential 
not only for embryonic development but also in adult 
neural function. It is also important for cell signaling and 
lipid trafficking. 
The human NTE is a 1327 amino acid polypeptide that is 
anchored to the cytoplasmic face of endoplasmic 
reticulum (ER) by an amino terminal transmembrane 
segment (Tm) in both non-neural cells and neurons (10). 
NTE has two functional domains, an amino-terminal 
putative regulatory domain of about 700 residues and a 
carboxyl-terminal catalytic/esterase domain containing 
the active site serine residue (Ser966) (2). NTE is 
anchored in the ER via the Tm, while the regulatory- and 
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catalytic domains relate with the cytoplasmic face of the 
ER (2). 
NTE and osmotic regulation of GPC :  
Levels of PC, the major membrane phospholipid of 
eukaryotic cells, are tightly regulated by coordination of 
its synthesis and degradation. In both the yeast  and 
mammalian cells (11), PC synthesized by the CDP-choline 
pathway is deacylated by as yet unidentified 
phospholipases to form glycerophosphocholine. In 
principle, this deacylation at both sn-2 and sn-1 positions 
of PC could be mediated either by a single enzyme with 
phospholipase B activity or by sequential action of a 
phospholipase A2 and a lysophospholipase. It has been 
reported that when mixed micelles of PC with detergent 
were incubated with the recombinant catalytic domain of 
NTE, fatty acid was liberated very slowly from the sn-2 
position followed by fast deacylation of the resulting 
lysophospholipid (12). Several studies suggest that the 
transcription factor TonEBP stimulates NTE to produce 
GPC an osmoprotective molecule in the kidney. 
Accumulation of GPC within renal medullary cells helps 
protect them from the high interstitial concentrations of 

NaCl and urea to which they normally are exposed during 
operation of the renal concentrating mechanism. Its 
presence was discovered more than 50 years ago, and it 
was found to increase during antidiuresis in response to 
elevation of renal medullary interstitial NaCl and urea 
concentration (13). However, in the recent years the 
enzymes identified that regulate its abundance in 
response to changing levels of NaCl and urea. Knockdown 
of TonEBP/OREBP by a specific siRNA inhibits the high 
NaCl-induced increase of NTE mRNA, indicating that high 
NaCl elevates NTE mRNA through TONEBP/OREBP-
mediated increase in its transcription, similar to other 
osmoprotective genes. Transcriptional activity of 
TonEBP/OREBP requires binding to a specific DNA 
element, ORE/TonE, whose consensus sequence is 
NGGAAAWDHMC(N). Between bp −900 and −1 in the 5’-
flanking region of NTE, there are four DNA elements that 
fit this consensus. Thus high NaCl increases transcription 
of NTE, mediated by TonEBP/OREBP, and the resultant 
increase of NTE abundance and activity contributes to 
increased production and accumulation of GPC in 
mammalian renal cells in tissue culture and in vivo (14).

 

 
 

Figure 1: Courtesy: Gallazini and Burg, Physiology. 2009; 24, 4,245-249 
 
Importance of GPC: Unlike phosphatidylcholine, GPC is 
soluble in water, and it crosses the blood brain barrier, 
and it requires lesser energy on the pathway to 
acetylcholine synthesis or the addition of specific brain 
fatty acids such as DHA. In humans, GPC taken by mouth 
is well absorbed and increases plasma levels of choline 
for up to nine and half hours (15). Research conducted 

with animals using radio labeled GPC suggests that GPC 
becomes incorporated into many other regulatory and 
structural molecules with various functions: 
1) It offers a methyl group as a source for gene-level and 
other metabolic control. 
2) GPC is a precursor to acetylcholine, which is used in 
the brain as a neurotransmitter and the rest of the body 
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as a messenger/regulator (muscle contraction, organ 
functions, skin tone, blood vessel volume, platelet 
aggregation). 
3) GPC can be incorporated into choline phospholipids 
such as phosphatidylcholine and sphingomyelin in every 
cell membrane and myelin sheath. 
Phosphatidylcholine regulation and influence of NTE/ 
Phosphlipase A2:  
PC is the most abundant phospholipid of eukaryotic cells. 
PC homeostasis is regulated by a balance between the 
opposing actions of hydrolysis and synthesis (16). PC is 
mainly synthesized from the cytidine-5 -diphosphocholine 
(CDP)-choline pathway via a phosphorylcholine 
intermediate for condensation with diacylglycerol to 
produce PC (17-19). PC can be hydrolyzed by the 
phospholipase (s) A (PLA), PLB, and phospholipase D 
(PLD) (20). NTE is a specific PLB only hydrolyzing PC 
derived from the CDP choline pathway, whereas PC 
molecules formed through the methylation pathway are 
not degraded (21-22). Recent studies suggest that certain 
proteins and lipids may contribute during cellular 
perturbations like the imbalance in PC/PE homeostasis 
and play an important role in cellular responses (23).  
The interplay between phospholipase (s) iPLA2β and 
iPLA2γ in the deacylation of neuronal mitochondrial 
phospholipids remains to be determined. NTE operates 
primarily at the cytoplasmic face of neuronal ER, but can 
also be detected in axons. Its substrate may be nascent 
PC delivered from the Golgi by Nir2 or another lipid-
binding protein. Appropriately-presented PC may be the 
major determinant of NTE activity, but PKA-mediated 
inhibition may also coordinate its activity with the PC 
synthetic pathway. The phospholipase-B activity of NTE 
degrades PC to glycerophosphocholine plus two free fatty 
acids. By this activity, NTE reduces PC levels to facilitate 
the constitutive secretory pathway and so optimize 
export of materials from the neuronal soma. The 
association between NTE activity and PC synthesis 
operates not only in the neuronal soma, but also in the 
distal axon. Local PC homeostasis is probably essential for 
efficient vesicular transport within the axon, but details 
of the process are very limited. An intriguing observation 
relating to axonal PC homeostasis is that in genetic NTE-
deficiency the centrally-projecting long spinal axon of 
dorsal root ganglion neurons undergoes distal 
degeneration while the peripherally-projecting axon of 
the same neurons appears to be spared. It is possible that 
this is because local iPLA2β activity compensates for NTE-
deficiency. Experiments conducted in a yeast model 
suggest that there are three metabolic outputs of NTE 
activity that are relevant toward phospholipid 
homeostasis as follows: first, NTE reduces PC content, at 

least locally at the ER; second, along with GDE1-encoded 
glycerophosphocholine glycerophosphodiesterase, it 
controls PC resynthesis; and third it generates free fatty 
acids. For cells growing without inositol, the PC content 
of the ER membrane is very high, especially when choline 
is supplied at 37 °C. Phospholipid precursors are 
consumed, and PC becomes more abundant leading to 
increased lateral packing that could alter functions of 
some ER components. It is tempting to speculate that the 
interaction of Opi1p with Scs2p and the ER membrane is 
sensitive to this parameter. Increasing lateral packing 
attenuates the interaction of Opi1p with its anchors 
reducing phospholipid gene transcription. Contrarily, low 
lateral packing reinforces the interaction between Opi1p 
and ER membranes, promoting phospholipid gene 
transcription. NTE contributes toward phospholipid 
homeostasis by directly affecting membrane packing at 
the ER. 
NTE-LysoPLA Activity Assays:  
LysoPLAs are enzymes that hydrolyze lysolecithin to sn-
glycero-3-phosphocholine. The assay procedure is a 
modification of a method for analysis of lysolecithin in 
human plasma and serum (24). LysoPLA activity is 
monitored continuously in an enzyme-coupled microplate 
assay. The reaction proceeds to form choline, hydrogen 
peroxide, and a colored derivative from the sequential 
action of three added enzymes (sn-glycero-3-
phosphocholine phosphodiesterase, choline oxidase, and 
peroxidase) and two chromogenic agents. The enzyme 
assayed is either a LysoPLA or a phospholipase 
functioning as a LysoPLA (25). 
NTE-LysoPLA activity is proportional to the paraoxon 
resistant and mipafox-sensitive increase in absorbance at 
570 nm. More specifically, unless indicated otherwise, all 
reactants are added in 100 mM Tris buffer (pH 8.0) 
containing 1 mM calcium chloride and 0.01% Triton X-
100. Reagent A contains 3-(N-ethyl-3-methylanilino)-2-
hydroxysulfonate (3 mM), peroxidase (10 units/ml), sn-
glycero-3-phosphocholine phosphodiesterase (0.0001 
units/ml), and choline oxidase (10 units/ml). Reagent B 
contains 5 mM 4-aminoantipyrine. Reagents A (120 μl) 
and B (80 μl) are added to individual chambers containing 
Tris buffer as above (45 μl) in a 96-well polystyrene plate. 
Brain homogenate (15 μl) is added, followed by paraoxon 
in acetone (5 μl) and mipafox in 50 mM Tris–citrate (5 μl) 
to give 40 and 50 μM final concentrations, respectively. 
After a 20-min incubation, lysolecithin (250 μM final 
concentration) is introduced in Tris buffer (50 μl). The 
NTE-LysoPLA activity is measured by kinetic assay of 
absorbance at 570 nm for 10 min at 25°C by using a 
microplate reader (Molecular Devices). The activity is 
linear with regard to protein level and time. 
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CONCLUSION: 
The osmoregulatory role of the NTE is well defined with 
the GPC contributing as a major osmoprotective molecule 
during hyperosmotic stress in the kidney. Most of the 
work uptil now on NTE has focused on its catalytic 
function as an esterase and more recently as a 
phospholipase and lysophospholipase. In the future, the 
studies should expand the scope of work to encompass 
the cyclic nucleotide binding domains and their possible 
role in regulation of NTE or its interacting partners, which 
have yet to be defined. Future research work will also 
need to establish how mutated or chemically modified 
NTE leads to axonal degeneration and how these 
conditions are similar to that produced by conditional 
knockout of the gene in the central nervous system. 

REFERENCES: 

1. MK Johnson. The primary biochemical lesion leading 
to the delayed neurotoxic effects of some 
organophosphorus esters. J.Neurochem. 23, 785-789, 
1974 

2. Li Y, Dinsdale D, Glynn P.Protein domains, catalytic 
activity, and subcellular distribution of neuropathy 
target esterase in Mammalian cells.J Biol 
Chem 278:8820–8825, 2003    

3. MJ Lush, Y Li, DJ Read, AC Willis, P Glynn P. 
Neuropathy target esterase and a homologous 
Drosophila neurodegeneration-associated mutant 
protein contain a novel domain conserved from 
bacteria to man. Biochem J 332:1–4, 1998  

4. VM Muhlig, AB da Cruz AB, JA Tschape,  MMoser ,  
RButtner, KAthenstaedt,P Glynn P, DKretzschmar.Loss 
of Swiss cheese/neuropathy target esterase activity 
causes disruption of phosphatidylcholine 
homeostasis and neuronal and glial death in adult 
Drosophila. J Neurosci 25:2865–2873,2005 

5. HGBauernschmitt HG , RKKinne. Metabolism of the 
'organic osmolyte' glycerophosphorylcholine in 
isolated rat inner medullary collecting duct cells. I. 
Pathways for synthesis and degradation.Biochim 
Biophys Acta 1148:331–341, 1993 

6. TNakanishi, MBBurg. Osmoregulation of 
glycerophosphorylcholine content of mammalian 
renal cells.  Am J Physiol 257:C795–C801,1989  

7. DG Williams. Intramolecular group transfer is a 
characteristic of neurotoxic esterase and is 
independent of the tissue source of the enzyme. 
Biochem.J. 209, 817-829, 1983 

8. W Li, ZX Yu, RM Kotin. Profiles of PrKX expression in 
developmental mouse embryo and human tissues. J 
Histochem Cytochem. 53:1003–1009, 2005   

9. M Moser, Y Li, K Vaupel, D Kretzschmar, R Kluge, P 
Glynn, R Buettner. Placental failure and impaired 
vasculogenesis result in embryonic lethality for 
neuropathy target esterase-deficient mice. Mol Cell 
Biol.24:1667–1679, 2004 

10. K Akassoglou K , B Malester, J Xu,L Tessarollo, J 
Rosenbluth, MV Chao. Brain-specific deletion of 
neuropathy target esterase/swisscheese results in 
neurodegeneration. Proc Natl Acad Sci U S A.  Apr 
6;101(14):5075-80,2004 

11. ED Kwon, K Zablocki, KY Jung, Peters EM, A Garcia 
Perez, MB Burg.Osmoregulation of GPC:choline 
phosphodiesterase in MDCK cells: different effects of 
urea and NaCl.Am J Physiol. 269:C35–C41,1995  

12. KZablocki, SPMiller ,A GarciaPerez , MBBurg.Accumul
ation of glycerophospho-choline (GPC) by renal cells: 
osmotic regulation of GPC:choline 
phosphodiesterase. Proc Natl Acad  Sci USA 88:7820–
7824,1991 

13. M Gallazzini, JD Ferraris, MB Burg. GDPD5 is a 
glycerophosphocholine phosphodiesterase that 
osmotically regulates the osmoprotective organic 
osmolyte GPC. Proc Natl Acad Sci USA 105: 11026–
11031, 2008. 

14. M Gallazzini , M B. Burg.What’s New About Osmotic 
Regulation of Glycerophosphocholine. Physiology. 
24, 4,245-249, 2009 

15. JP Fernández-Murray, CR McMaster.  Glycerophos-
phocholine catabolism as a new route for choline 
formation for phosphatidylcholine synthesis by the 
Kennedy pathway. J. Biol. Chem. 280,38290–38296, 
2005  

16. I Baburina, and S Jackowski.Cellular responses to 
excess phospholipids. J. Biol. Chem. 274, 9400–9408, 
1999 

17. RB Cornell, and IC Northwood. Regulation of CTP 
phosphocholine cytidylyltransferase by amphitropism 
and relocalization. Trends Bich. Sci. 25:441-447, 2000 

18. S Jackowski,  and P Fagone. CTP:phosphocholine 
cytidylyltransferase: Paving the way from gene to 
membrane. J. Biol. Chem. 280, 853–856, 2005  

19. C Kent.Regulatory enzymes of phosphatidylcholine 
biosynthesis: A personal perspective. Biochim. 
Biophys. Acta 1733, 53–66, 2005 

20. RM Adibhatla, JF Hatcher, EC Larsen, X Chen, D Sun, 
and FH Tsao. CDP-choline significantly restores 
phosphatidylcholine levels by differentially affecting 
phospholipase A2 and CTP: Phosphocholine 
cytidylyltransferase after stroke. J. Biol. Chem. 281, 
6718–6725,2006 

http://www.ncbi.nlm.nih.gov/pubmed/2801928
http://www.ncbi.nlm.nih.gov/pubmed/2801928
http://www.ncbi.nlm.nih.gov/pubmed/2801928
http://www.ncbi.nlm.nih.gov/pubmed/2801928
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akassoglou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15051870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15051870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tessarollo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15051870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenbluth%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15051870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chao%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=15051870
http://www.ncbi.nlm.nih.gov/pubmed/15051870


Manoj G Tyagi, et al. Journal of Biomedical and Pharmaceutical Research 4 (1) 2015, 10-14 
 

© 2012 www.jbpr.in, All Rights Reserved.                                   Volume 4, Issue 1, 2015                                                    CODEN (USA): JBPRAU 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

Pa
ge

14
 

21. P Glynn, Neuropathy target esterase and 
phospholipid deacylation. Biochim. Biophys. Acta 
1736, 87–93, 2005 

22. Zaccheo O,  Dinsdale D, Meacock PA,  Glynn 
P.Neuropathy target esterase and its yeast 
homologue degrade phosphatidylcholine to 
glycerophosphocholine in living cells. J Biol 
Chem. 2004 Jun 4;279 (23):24024-33. 

23. G. Thibault, G. Shui, W. Kim, G.C. McAlister, N. Ismail, 
S.P. Gygi, M.R Wenk, D.T.W. Ng. The membrane 
stress response buffers lethal effects of lipid 

disequilibrium by reprogramming the protein 
homeostasis network. Mol Cell 48, 16-27, 2012 

24. T Kishimoto, Y Soda, Y Matsuyama & K Mizuno.An 
enzymatic assay for lysophosphatidylcholine 
concentration in human serum and plasma. Clin. 
Biochem. 35, 411, 2002 

25. A Wang, HC Yang, P Friedman, CA Johnson. & EA 
Dennis. A specific human lysophospholipase: cDNA 
cloning, tissue distribution and kinetic 
characterization. Biochim. Biophys. Acta.1437, 157, 
1999

 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaccheo%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dinsdale%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meacock%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/?term=Glynn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/?term=Glynn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/?term=Glynn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15044461
http://www.ncbi.nlm.nih.gov/pubmed/15044461
http://www.ncbi.nlm.nih.gov/pubmed/15044461
http://www.ncbi.nlm.nih.gov/pubmed/15044461

	MJ Lush, Y Li, DJ Read, AC Willis, P Glynn P. Neuropathy target esterase and a homologous Drosophila neurodegeneration-associated mutant protein contain a novel domain conserved from bacteria to man. Biochem J 332:1–4, 1998
	VM Muhlig, AB da Cruz AB, JA Tschape,  MMoser ,  RButtner, KAthenstaedt,P Glynn P, DKretzschmar.Loss of Swiss cheese/neuropathy target esterase activity causes disruption of phosphatidylcholine homeostasis and neuronal and glial death in adult Drosoph...
	HGBauernschmitt HG , RKKinne. Metabolism of the 'organic osmolyte' glycerophosphorylcholine in isolated rat inner medullary collecting duct cells. I. Pathways for synthesis and degradation.Biochim Biophys Acta 1148:331–341, 1993
	ED Kwon, K Zablocki, KY Jung, Peters EM, A Garcia Perez, MB Burg.Osmoregulation of GPC:choline phosphodiesterase in MDCK cells: different effects of urea and NaCl.Am J Physiol. 269:C35–C41,1995
	KZablocki, SPMiller ,A GarciaPerez , MBBurg.Accumulation of glycerophospho-choline (GPC) by renal cells: osmotic regulation of GPC:choline phosphodiesterase. Proc Natl Acad  Sci USA 88:7820–7824,1991

