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Abstract: A lipid bilayer is a biological membrane consisting of two layers of lipid molecules. Each lipid molecule, or phospholipid, 

contains a hydrophilic head and a hydrophobic tail. Here the review is on synthesis of lipid and caging of biomolecules by lipid. There 

have been lot of work done on lipid, among the lipid there are 3 classes phospholipid, cholesterol and glycosides.  
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1. Introduction 
 

Caged compounds are light - sensitive probes that 

functionally encapsulate biomolecules in an inactive form. 

Irradiation liberates the trapped molecule, permitting 

targeted perturbation of a biological process. Uncaging 

technology and fluorescence microscopy are 'optically 

orthogonal': the former allows control, and the latter, 

observation of cellular function. Used in conjunction with 

other technologies (for example, patch clamp and/or 

genetics), the light beam becomes a uniquely powerful tool 

to stimulate a selected biological target in space or time [1].  

 

The idea behind the caging technique is that a molecule of 

interest can be rendered biologically inert (or caged) by 

chemical modification with a photo removable protecting 

group (Fig.1). The biologically active molecule that can bind 

to its cellular receptor, switching on (or off) the targeted 

process. Virtually every kind of signaling molecule or 

second messenger, of every size from protons to proteins has 

been caged [2].  

 

A single component of cellular chemistry can control the 

function of a cell, and such cellular regulation can be 

temporally or spatially defined, intracellular or extracellular, 

and amplitude - or frequency - modulated [3]. Photo 

manipulation of cellular chemistry using caged compounds 

provides a uniquely powerful means to interact with such 

cellular dynamics, as it can touch upon any one of the above 

dimensions. Thus, since light passes through cell 

membranes, uncaging can rapidly release a biomolecule in 

an intracellular compartment [1]. Furthermore, uniform 

illumination results in release throughout the cytosol, or the 

release can be localized by focusing the uncaging beam on 

one part of a cell. Likewise, extracellular uncaging of 

neurotransmitters and hormones is tunable, allowing 

stimulation of many neurons simultaneously or of single 

synapses by global or focused illumination, respectively. 

Light cannot only be directed, but also modulated in time 

and amplitude. Thus, uncaging can also be used to produce 

rapid, repetitive release of biomolecules or finely graded 

changes in the magnitude of stimulation.  

 

Examples of important caged biomolecules or second 

messengers are calcium [4 - 7], neurotransmitters [8 - 11], 

inositols [12 - 13], nucleotides [14 - 15], peptides [16 - 17], 

enzymes [18 - 20], mRNA [21] and DNA [22]. Apart from 

Ca
2+

, all these molecules are caged by covalent modification 

of one part of their structure with a photo removable 

chromophore.  

 

Caged compounds are made using synthetic organic 

chemistry. Syntheses are usually multistep, but some caged 

compounds are made with one - step 'direct' caging (Fig.1). 

Multistep syntheses are usually required because most 

natural products have many functional groups of equivalent 

reactivity.  

 

The caging chromophore prevents receptor binding until it is 

cleaved by light. Second messengers can be caged by both 

strategies, but the illustration shows only two examples for 

simplicity [1].  

 

 
Figure 1: General strategies caged by either multistep or 

direct caging 

 

Such research are based on structure and activity of lipid 

bilayer within a membrane - protein transporter [23], 

Biological Interactions of Supported Lipid Bilayers (SLB) 

[24], research of phospholipid and their use in drug delivery 

[25], synthesis and biosynthetic trafficking of membrane 

lipids [26], Organelle - Specific Uncaging of Lipid 

Messengers [27].  

 

The tail regions, being repelled by water and slightly 

attracted to each other, congregate together. This exposes the 
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head regions to the outside, creating a barrier between two 

bodies of water. A lipid bilayer is the foundational part of all 

cellular membranes, typically completed with species - 

specific integral proteins and other functional aspects. A 

lipid bilayer functions through the actions of polarity.  

 

 
Figure 2: Biological membrane consisting of two layers of 

lipid molecules 

 

The inside of the lipid bilayer is non - polar, while the heads 

are polar molecules and create hydrogen bonds with other 

polar molecules. This also means that polar molecules like 

water and ions cannot easily cross through the nonpolar tail 

region of the lipid bilayer. The cellular membranes of most 

organisms are created with lipid bilayer, as well as the 

nuclear membrane and various organelle membranes. The 

various functions of these membranes are then specified 

with a variety of proteins which allow or disallow certain 

substances to cross the membrane. In doing so, cells and 

individual organelles can create an ideal environment for 

biochemical reactions to occur, allowing them to stay in 

homeostasis [28].  

 

There are different lipids that give different signals to 

different part of body.  

 

There are several, typically redundant, mechanisms to 

transport lipids from their site of synthesis to other cellular 

membranes. Biosynthetic lipid transport helps to ensure that 

each cellular compartment will have its characteristic lipid 

composition that supports the functions of the associated 

proteins. [26] 

 

In phospholipids, the sn - 1 and sn - 2 position of the 

glycerol backbone are esterified with fatty acids of varying 

length and degree of saturation. The remaining sn - 3 

position is esterified with phosphoric acid, which, in turn, is 

esterified with an alcohol [30]. Depending on the structure 

of the alcohol, different types of phospholipids are formed, 

for example, phosphatidylcholine (PC), 

phosphatidylethanolamine (PE), phosphatidylglycerol (PG), 

phosphatidylinositol (PI), or phosphatidylserine (PS) [31]. 

The specific an dnon - random distribution of substituents 

over the positions sn - 1, sn - 2, and sn - 3 of the glycerol 

introduces chirality [25]. Depending on the structure of the 

polar head group and pH of the surrounding medium, PE 

and PC are zwitterionic and have a neutral charge at pH 7, 

whereas PG, PI, and PS are negatively charged at this pH 

value.  

 

2. Bilayer Lipid as Carrier 
 

Lipid messengers exert their function on short timescales at 

distinct subcellular locations, yet most experimental 

approaches for perturbing their levels trigger cell - wide 

concentration changes. Reports on a coumarin - based 

photocaging group that can be modified with organelle 

targeting moieties by click chemistry is found and thus 

enables photorelease of lipid messengers in distinct 

organelles. It has been reported that caged arachidonic acid 

and sphingosine derivatives can be selectively delivered to 

mitochondria, the ER, lysosomes, and the plasma 

membrane. By comparing the cellular calcium transients 

induced by localized uncaging of arachidonic acid and 

sphingosine, it shows that the precise intracellular 

localization of the released second messenger is crucial for 

the signaling outcome. Ultimately, this new class of caged 

compounds will greatly facilitate the study of cellular 

processes on the organelle level. [27] 

 

Photochemical release of lipid messengers from inactive 

(caged) precursors offers a much broader substrate scope, 

but spatial control of the induced concentration bursts by 

optical means remains highly challenging [32 - 34].  

 

Ideally, caged compounds should be prelocalized to their 

target organelles prior to photorelease by dedicated chemical 

groups to ensure spatially controlled uncaging [35]. This 

strategy has been realized in a limited number of examples 

[36 - 39]. However, its applicability is compromised by the 

fact that caged compound sets have to be generated by total 

synthesis for each messenger and the respective subcellular 

localizations. Addressing this issue, the development of 

caged compounds for organelle specific photo release by 

synthesizing a coumarin - based caging group (“click cage”) 

that can be attached to bioactive molecules and subsequently 

modified by click chemistry with established organelle - 

targeting moieties [40].  

 
Figure 3: Schematic representation of organelle - specific 

uncaging. Lipid messengers are equipped with an alkyne - 

containing photocaging group and functionalized with 

targeting groups that localize them to specific compartments 

in living cells, where the active compounds can 

subsequently be photo released (uncaged) without initially 

affecting the messenger levels in neighboring compartments. 
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Adialkylaminocoumarin scaffold as the caging group as this 

group can be cleaved with 405 nm laser light, which 

isavailable on most confocal microscopes. This relatively 

short wavelength offers the possibility to combine live - cell 

uncaging experiments with fluorescence imaging of green, 

red, and far - red fluorescent proteins. Furthermore, the alkyl 

residues of the dialkylamino group can be readily replaced 

with functional moieties without affecting the photocleavage 

reaction [41].  

 

Arachidonic acid and sphingosine generated derivatives 

equipped with the new caging group as these cellular 

messengers have been reported to perform widely varying 

functions depending on their sub-cellular localization. [36 - 

39] 

 

Caged Lipids 

Caged (photoactivatable) signaling lipids offer an 

experimental approach to exclusively perturb second 

messenger levels in an acute and spatially defined manner. 

Even though the term “cage” is antiquated and even 

deceptive, as it suggests the lipid is arrested in a type of 

molecular cage, it has remained popular. Suggestions for 

more appropriate terminology did not prevail. Furthermore, 

it might be misleading to name caged molecules 

“photoactivatable” since this term has been used to describe 

molecular probes designed for photo - induced covalent 

cross linking. Caged lipids are obtained by attaching a photo 

cleavable group to a position which is crucial for the 

function of the respective lipid, thereby rendering it inactive. 

Upon irradiation with light of suitable wavelength, the 

protection group is cleaved and the active lipid is liberated. 

Since lipids often feature charged head groups which 

prevent them from crossing the plasma membrane, it is 

frequently required to mask these charges with 

bioactivatable protection groups (Fig.18). The major 

advantage of caged, membrane - permeant lipids is the 

possibility to alter the concentration of a well - defined 

molecular species in a stepwise manner on a subcellular 

level at any given point in time [32].  

 

Many biological processes are regulated by lipids in one 

way or another and depend on often transient changes of the 

signaling effectors. Caged lipids are ideally suited to dissect 

such processes and will likely see much wider application in 

the future [32].  

 

Caged lipids have been used for a number of different 

purposes.  

 

 
Figure 4: Application of caged lipids 

 

A given lipid is equipped with a photo cleavable group at a 

position of crucial importance for its interaction partners. 

Charges and other polar functional groups at the lipid head 

group are masked with bioactivatable protection groups (Bio 

- PGs) and the lipid is thus rendered membrane - permeant. 

Bio - PGs are usually cleaved swiftly after cell entry by 

endogenous intracellular esterases. Subsequent photo 

activation yields the active compound, while the cellular 

signaling responses are monitored with suitable biosensors.  

 

3. Conclusion 
 

Biomolecular caging is a photochemical strategy for 

achieving spatially and temporally controlled release of 

bioactive compounds, with wide range of applications in cell 

biology, chemistry, medicine, materials, pharmacology, and 

physiology. The success of this strategy depends upon the 

availability of photo - activators suitable for applications 

under physiological conditions. Several photo - activators 

have been designed. However, most of these do not produce 

satisfactory result when used under physiological conditions, 

leaving much scope for design and development of efficient 

photo - activators.  

 

Owing to the progressive development of metal–

organic‐frameworks (MOFs) synthetic processes and 

considerable potential applications in last decade, integrating 

biomolecules into MOFs has recently gain considerable 

attention. Biomolecules, including lipids, oligopeptides, 

nucleic acids, and proteins have been readily incorporated 

into MOF systems via versatile formulation methods. The 

formed biomolecule‐MOF hybrid structures have shown 

promising prospects in various fields, such as antitumor 

treatment, gene delivery, biomolecular sensing, and 

nanomotor device. By optimizing biomolecule integration 

methods while overcoming existing challenges, 

biomolecule‐integrated MOF platforms are very promising 

to generate more practical applications.  

 

References 
 

[1] Caged compounds: photorelease technology for 

control of cellular chemistry and physiology Graham 

C R Ellis - Davies Department of Pharmacology & 

Physiology, Drexel University College of Medicine, 

Philadelphia, Pennsylvania 19102, USA (Nat 

Paper ID: SR21929125529 DOI: 10.21275/SR21929125529 114 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 10, October 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Methods.2007 August; 4 (8): 619–628. doi: 

10.1038/nmeth1072.)  

[2] Mayer G, Heckel A. Biologically active molecules 

with a “light switch”. AngewChemInt Ed.2006; 45: 

4900–4921.  

[3] Berridge MJ, Bootman MD, Lipp P. Calcium - life 

and death signal. Nature.1998; 395: 645–649. 

[PubMed: 9790183] 

[4] Adams SR, Kao JPY, Grynkiewicz G, Minta A, Tsien 

RY. Biologically useful chelators that release Ca2+ 

upon illumination. J Am Chem Soc.1988; 110: 3212–

3220.  

[5] Ellis - Davies GCR, Kaplan JH. A new class of 

photolabilechelators for the rapid release of divalent 

cations: generation of caged Ca and caged Mg. J Org 

Chem.1988; 53: 1966–1969.  

[6] Ellis - Davies GCR, Kaplan JH. Nitrophenyl - EGTA, 

a photolabilechelator that selectively binds Ca2+ with 

high affinity and releases it rapidly upon photolysis. 

Proc Natl AcadSci USA.1994; 91: 187–191. 

[PubMed: 8278362] 

[7] Ellis - Davies GCR. Synthesis of photolabile EGTA 

derivatives. Tetrahedr Lett.1998; 39: 953–957 

[8] Walker JW, McCray JA, Hess GP. Photolabile 

protecting groups for an acetylcholine receptor ligand. 

Synthesis and photochemistry of a new class of 

onitrobenzyl derivatives and their effects on receptor 

function. Biochemistry.1986; 25: 1799–1805. 

[PubMed: 3707910] 

[9] Milburn T, et al. Synthesis, photochemistry and 

biological activity of a caged photolabile 

acetylcholine receptor ligand. Biochemistry.1989; 28: 

49–55. [PubMed: 2706267] 

[10] Wieboldt R, et al. Photolabile precursors of 

glutamate: Synthesis, photochemical properties, 

activation of glutamate receptors in the microsecond 

time scale. Proc Natl AcadSci USA.1994; 91: 8752–

8756. [PubMed: 8090718] 

[11] Matsuzaki M, et al. Dendritic spine morphology is 

critical for AMPA receptor expression in 

hippocampal CA1 pyramidal neurons. Nat 

Neurosci.2001; 4: 1086–1092. [PubMed: 11687814] 

[12] Walker JW, et al. Kinetics of smooth and skeletal 

muscle activation by laser pulse photolysis of caged 

inositol 1, 4, 5 - trisphosphate. Nature.1987; 327: 

249–252. [PubMed: 3494954] 

[13] Walker JW, Feeney J, Trentham DR. Photolabile 

precursors of inositol phosphates. Preparation and 

properties of 1 - (2 - nitrophenyl) ethyl esters of 

myoinositol 1, 4, 5 - trisphosphate. 

Biochemistry.1989; 28: 3272–3280. [PubMed: 

2787165] 

[14] Kaplan JH, Forbush B, Hoffman JF. Rapid photolytic 

release of adenosine 5' - triphosphate from a protected 

analogue: utilization by the Na: K pump of human red 

blood cell ghosts. Biochemistry.1978; 17: 1929–1935. 

[PubMed: 148906] 

[15] Walker JH, Reid GP, McCray JA, Trentham DR. 

Photolabile 1 - (2 - nitrophenyl) ethyl phosphate 

esters of adenine nucleotide analogues. Synthesis and 

mechanism of photolysis. J Am Chem Soc.1988; 110: 

7170–7177.  

[16] Walker JW, et al. Signaling pathways underlying 

eosinophil cell motility revealed by using caged 

peptides. Proc Natl AcadSci USA.1998; 95: 1568–

1573. [PubMed: 9465056] 

[17] Rothman DM, et al. Caged phosphoproteins. J Am 

Chem Soc.2005; 127: 846–847. [PubMed: 15656617] 

[18] Marriott G. Caged protein conjugates and light - 

directed generation of protein activity: preparation, 

photoactivation, and spectroscopic characterization of 

caged Gactin conjugates. Biochemistry.1994; 33: 

9092–9097. [PubMed: 8049211] 

[19] Mendel D, Elman JA, Schultz PG. Construction of 

light - activated protein - protein interactions. J Am 

Chem Soc.1991; 113: 2758–2760.  

[20] Ghosh M, et al. Cofilin promotes actin polymerization 

and defines the direction of cell motility. 

Science.2004; 304: 743–746. [PubMed: 15118165] 

[21] Ando H, Furuta T, Tsien RY, Okamoto H. Photo - 

mediated gene activation using caged RNA/DNA in 

zebrafish embryos. Nat Genet.2001; 28: 317–325. 

[PubMed: 11479592] 

[22] Monroe WT, McQuain MM, Chang MS, Alexander 

JS, Haselton FR. Targeting expression with light 

using caged DNA. J Biol Chem.1999; 274: 20895–

20900. [PubMed: 10409633] Structure and activity of 

lipid bilayer within a membrane - protein transporter 

[23] WeihuaQiu, View ORCID ProfileZiao Fu, Guoyan G. 

Xu, Robert A. Grassucci, Yan Zhang, Joachim Frank, 

Wayne A. Hendrickson, and View ORCID 

ProfileYouzhongGuo 

[24] Structure, Formation, and Biological Interactions of 

Supported Lipid Bilayers (SLB) Incorporating 

Lipopolysaccharide PalakSondhi, DhanbirLingden 

and Keith J. Stine*.  

[25] The Phospholipid Research Center: Current Research 

in Phospholipids and Their Use in Drug Delivery 

Simon Drescher * and Peter van Hoogevest 

[26] Synthesis and Biosynthetic Trafficking of Membrane 

Lipids Tomas Blom, PenttiSomerharju, and 

ElinaIkonen.  

[27] A Click Cage: Organelle - Specific Uncaging of Lipid 

Messengers Nicolai Wagner, Milena Stephan, Doris 

Hoglinger, and Andre Nadler* 

[28] Lipid BilayerAvatarBy: BD EditorsReviewed by: BD 

EditorsLast Updated: April 17, 2019 

[29] Roles of lipids as signaling molecules and mitigators 

during stress response in plants Yozo Okazaki1 and 

Kazuki Saito1, 2, *1RIKEN Center for Sustainable 

Resource Science, 1 - 7 - 22 Suehiro - cho, Tsurumi - 

ku, Yokohama 230 - 0045, Japan,  

[30] IUPAC - IUB. Nomenclature of phosphorus - 

containing compounds of biochemical importance 

(Recommendations1976). Proc. Natl. Acad. Sci. USA 

1977, 74, 2222–2230. [CrossRef] 

[31] Cevc, G. Phospholipids Handbook; Taylor & Francis 

Inc.: London, UK, 1993; Volume 1, p.1004.  

[32] D. Höglinger, et al., Caged lipids as tools for 

investigating cellular signaling, Biochim. Biophys. 

Acta (2014), http: //dx. doi. org/10.1016/j. 

bbalip.2014.03.012 

[33] G. C. R. Ellis - Davies, Nat. Methods 2007, 4, 619–

628.  

Paper ID: SR21929125529 DOI: 10.21275/SR21929125529 115 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 10, October 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[34]  A. Nadler, G. Reither, S. Feng, F. Stein, S. Reither, 

R. Mgller, C. Schultz, Angew. Chem. Int. Ed.2013, 

52, 6330–6334; Angew. Chem.2013, 125, 6455–

6459.  

[35] E. Muro, G. E. Atilla - Gokcumen, U. S. Eggert, Mol. 

Biol. Cell 2014, 25, 1819–1823.  

[36] A. Nadler, D. A. Yushchenko, R. Mgller, F. Stein, S. 

Feng, C. Mulle, M. Carta, C. Schultz, Nat. 

Commun.2015, 6, 10056.  

[37]  T. Horinouchi, H. Nakagawa, T. Suzuki, K. 

Fukuhara, N. Miyata, Bioorg. Med. Chem. Lett.2011, 

21, 2000–2002.  

[38] A. Leonidova, V. Pierroz, R. Rubbiani, Y. Lan, A. G. 

Schmitz, A. Kaech, R. K. O. Sigel, S. Ferrari, G. 

Gasser, Chem. Sci.2014, 5, 4044–4056.  

[39]  S. Feng, T. Harayama, S. Montessuit, F. P. A. David, 

N. Winssinger, J. C. Martinou, H. Riezman, eLife 

2018, 7, 1–24.  

[40] W. Xu, Z. Zeng, J. H. Jiang, Y. T. Chang, L. Yuan, 

Angew. Chem. Int. Ed.2016, 55, 13658 –13699; 

Angew. Chem.2016, 128, 13858 –13902.  

[41] Q. Lin, C. Bao, G. Fan, S. Cheng, H. Liu, Z. Liu, L. 

Zhu, J. Mater. Chem.2012, 22, 6680–6688.  

[42] M. Carta et al., Neuron 2014, 81, 787–799.  

[43] Membrane Lipids and Cell Signaling Hannah 

Sunshine and M. Luisa Iruela - Arispe 

[44] Goni FM. The basic structure and dynamics of cell 

membranes: an update of the Singer - Nicolson 

model. BiochimBiophysActa.2014; 1838 (6): 1467–

76.  

[45] Li ZL, Buck M. Computational Modeling Reveals 

that Signaling Lipids Modulate the Orientation of K - 

Ras4A at the Membrane Reflecting Protein Topology. 

Structure.2017; 25 (4): 679–89. e2. Using all - atom 

molecular simulations and other experimental 

strategies, the authors showed that distinct anionic 

lipids modulate binding and cytosolic orientation of K 

- Ras4A. Consequently, the availability / exposure of 

its catalytic domain and ability to interact with 

effector molecules relies on its interaction with 

membrane lipids.  

[46] Mazhab - Jafari MT, Marshall CB, Smith MJ, et al. 

Oncogenic and RASopathy - associated K - RAS 

mutations relieve membrane - dependent occlusion of 

the effector - binding site. Proc Natl AcadSci U S 

A.2015; 112 (21): 6625–30.  

[47] Lim WA, Pawson T. Phosphotyrosine signaling: 

evolving a new cellular communication system. 

Cell.2010; 142 (5): 661–7.  

[48] Rameh LE, Chen CS, Cantley LC. 

Phosphatidylinositol (3, 4, 5) P3 interacts with SH2 

domains and modulates PI 3 - kinase association with 

tyrosine - phosphorylated proteins. Cell.1995; 83 (5): 

821–30.  

[49] Bae YS, Cantley LG, Chen CS, et al. Activation of 

phospholipase C - gamma by phosphatidylinositol 3, 

4, 5 - trisphosphate. J Biol Chem.1998; 273 (8): 

4465–9.  

[50] Park MJ, Sheng R, Silkov A, et al. SH2 Domains 

Serve as Lipid - Binding Modules for pTyr - 

Signaling Proteins. Mol Cell.2016; 62 (1): 7–20. 

Using a combination of structural, biochemical and 

biophysical data, the authors showed that SH2 

domains can anchor themselves in the plasma 

membrane through specific interactions with anionic 

lipids. These interactions both facilitate and enhance 

the affinity for the phosphor - tyrosine domains of 

activated transmembrane receptors.  

[51] Bacterial membrane lipids: diversity in structures and 

pathways Christian Sohlenkamp∗  and Otto Geiger 

Centro de Ciencias Gen´ omicas, Universidad 

Nacional Aut ´onoma de M´exico, Av. Universidad 

s/n, Apdo. Postal 565 - A, Cuernavaca, Morelos, CP 

62210, Mexico.  

[52] Goldfine H, Ellis ME. N - methyl groups in bacterial 

lipids. J Bacteriol1964; 87: 8–15.  

[53] Tornabene TG. Lipid composition of selected strains 

of Yersinia pestis and Yersinia pseudotuberculosis. 

BiochimBiophysActa1973; 306: 173–85.  

[54] Moser R, Aktas M, Narberhaus F. 

Phosphatidylcholine biosynthesis in 

Xanthomonascampestris via a yeast - like acylation 

pathway. MolMicrobiol 2014b; 91: 736–50.  

[55] Jackson M, Crick DC, Brennan PJ. 

Phosphatidylinositol is an essential phospholipid of 

mycobacteria. J BiolChem2000; 275: 30092–9.  

[56] Berg S, Kaur D, Jackson M, et al. The 

glycosyltransferases of Mycobacterium 

tuberculosis—roles in the synthesis of 

arabinogalactan, lipoarabinomannan, and other 

glycoconjugates. Glycobiology2007; 17: 35–56R.  

[57] Kaur D, Guerin ME, Skovierova H, et al. Chapter 2: 

biogenesis of the cell wall and other glycoconjugates 

of Mycobacterium tuberculosis. 

AdvApplMicrobiol2009; 69: 23–78.  

[58] Guerin ME, Kordulakova J, Alzari PM, et al. 

Molecular basis of phosphatidyl - myo - inositol 

mannoside biosynthesis and regulation in 

mycobacteria. J BiolChem2010; 285: 33577–83.  

[59] Jorge CD, Borges N, Santos H. A novel pathway for 

the synthesis of inositol phospholipids uses CDP - 

inositol as donor of the polar head group. Environ 

Microbiol 2014, DOI: 10.1111/1462 - 2920.12734.  

[60] Nguyen NA, Sallans L, Kaneshiro ES. The major 

glycerophospholipids of the predatory and parasitic 

bacterium Bdellovibriobacteriovorus HID5. Lipids 

2008; 43: 1053–63.  

[61] Evans RI, McClure PJ, Gould GW, et al. The effect of 

growth temperature on the phospholipid and fatty acyl 

compositions of non - proteolytic Clostridium 

botulinum. Int J Food Microbiol1998; 40: 159–67.  

[62] Lata P, Lal D, Lal R. Flavobacteriumummariense sp. 

nov., isolated from hexachlorocyclohexane - 

contaminated soil, and emended description of 

Flavobacteriumceti Vela et al.2007. Int J 

SystEvolMicr2012; 62: 2674–9.  

[63] Roy H, Dare K, Ibba M. Adaptation of the bacterial 

membrane to changing environments using 

aminoacylated phospholipids. MolMicrobiol2009; 71: 

547–50.  

[64] Roy H, Ibba M. Broad range amino acid specificity of 

RNA dependent lipid remodeling by multiple peptide 

resistance factors. J BiolChem2009; 284: 29677–83.  

[65] Kobayashi T, NishijimaM, Tamori Y, et al. Acyl 

phosphatidylglycerol of Escherichia coli. 

BiochimBiophysActa1980; 620: 356–63.  

Paper ID: SR21929125529 DOI: 10.21275/SR21929125529 116 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 10, October 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[66] Jorasch P, Wolter FP, Zahringer U, et al. A UDP 

glucosyltransferase from Bacillus subtilis 

successively transfers up to four glucose residues to 1, 

2 - diacylglycerol: expression of ypfP in Escherichia 

coli and structural analysis of its reaction products. 

MolMicrobiol1998; 29: 419–30 

[67] Benning C, Huang ZH, Gage DA. Accumulation of a 

novel glycolipid and a betaine lipid in cells of 

Rhodobactersphaeroides grown under phosphate 

limitation. Arch BiochemBiophys1995; 317: 103–11.  

[68] Devers EA, Wewer V, Dombrink I, et al. A 

processive glycosyltransferase involved in glycolipid 

synthesis during phosphate deprivation in 

Mesorhizobium loti. J Bacteriol2011; 193: 1377–84.  

[69] Diercks H, Semeniuk A, Gisch N, et al. Accumulation 

of novel glycolipids and ornithine Lipids in 

Mesorhizobium loti under phosphate deprivation. J 

Bacteriol2015; 197: 497–509.  

[70] Geske T, VomDorp K, D¨ormann P, et al. 

Accumulation of glycolipids and other non - 

phosphorous lipids in Agrobacterium tumefaciens 

grown under phosphate deprivation. 

Glycobiology2013; 23: 69–80.  

[71] HÖlzl G, D¨ormann P. Structure and function of 

glycoglycerolipids in plants and bacteria. Prog Lipid 

Res 2007; 46: 225–43 

[72] HÖlzl G, Leipelt M, Ott C, et al. Processive lipid 

galactosyl/ glucosyltransferases from Agrobacterium 

tumefaciens and Mesorhizobium loti display multiple 

specificities. Glycobiology2005; 15: 874–86.  

[73] Semeniuk A, Sohlenkamp C, Duda K, et al. A 

bifunctional glycosyltransferase from Agrobacterium 

tumefaciens synthesizes monoglucosyl and 

glucuronosyldiacylglycerol under phosphate 

deprivation. J BiolChem2014; 289: 10104–14.  

[74] Anderson R, Hansen K. Structure of a novel 

phosphoglycolipid from Deinococcusradiodurans. J 

BiolChem1985; 260: 12219–23.  

[75] Lightner VA, Larson TJ, Tailleur P, et al. Membrane 

phospholipid synthesis in Escherichia coli. Cloning of 

a structural gene (plsB) of the sn - glycerol - 3 - 

phosphate acyltransferase. J BiolChem1980; 255: 

9413–20.  

[76] Cooper CL, Jackowski S, Rock CO. Fatty acid 

metabolism in snglycerol - 3 - phosphate 

acyltransferase (plsB) mutants. J Bacteriol1987; 169: 

605–11.  

[77] Coleman J. Characterization of Escherichia coli cells 

deficient in 1 - acyl - sn - glycerol - 3 - phosphate 

acyltransferase activity. J BiolChem1990; 265: 

17215–21.  

[78] Coleman J. Characterization of the Escherichia coli 

gene for 1 - acylsn - glycerol - 3 - phosphate 

acyltransferase (plsC). Mol Gen Genet 1992; 232: 

295–303.  

[79] Parsons JB, Rock CO. Bacterial lipids: metabolism 

and membrane homeostasis. Prog Lipid Res 2013; 52: 

249–76.  

[80] DeChavigny A, Heacock PN, Dowhan W. Sequence 

and inactivation of the pss gene of Escherichia coli. 

Phosphatidylethanolamine may not be essential for 

cell viability. J BiolChem1991; 266: 5323–32.  

[81] Sohlenkamp C, de Rudder KE, Geiger O. 

Phosphatidylethanolamine is not essential for growth 

of Sinorhizobiummeliloti on complex culture media. J 

Bacteriol2004; 186: 1667–77.  

[82] Nakashima A, Hosaka K, Nikawa J. Cloning of a 

human cDNA for CTP - 

phosphoethanolaminecytidylyltransferase by 

complementation in vivo of a yeast mutant. J 

BiolChem1997; 272: 9567–72.  

[83] Pathways for phosphatidylcholine biosynthesis in 

Bacteria Fernando Martı´nez - Morales, 1 Max 

Schobert, 2 Isabel M. Lo´ pez - Lara1 and Otto 

Geiger1 

[84] Exton, J. H. (1994). Phosphatidylcholine breakdown 

and signal transduction. BiochimBiophysActa 1212, 

26–42.  

[85] Kent, C. (1995). Eukaryotic phospholipid 

biosynthesis. AnnuRevBiochem 64, 315–343.  

[86] Sohlenkamp, C., Lo´pez - Lara, I. M. & Geiger, O. 

(2003). Biosynthesis of phosphatidylcholine in 

bacteria. Prog Lipid Res 42, 115–162.  

[87] Rock, C. O., Jackowski, S. &Cronan, J. E. (1996). 

Lipid metabolism in prokaryotes. In Biochemistry of 

Lipids, Lipoproteins and Membranes, pp.35–74. 

Edited by D. E. Vance & J. Vance. Amsterdam: 

Elsevier.  

[88] de Rudder, K. E. E., Thomas - Oates, J. E. & Geiger, 

O. (1997). Rhizobium meliloti mutants deficient in 

phospholipid N - methyltransferase still contain 

phosphatidylcholine. J Bacteriol 179, 6921–6928.  

[89] de Rudder, K. E. E., Sohlenkamp, C. & Geiger, O. 

(1999). Plant - exuded choline is used for rhizobial 

membrane lipid biosynthesis by phosphatidylcholine 

synthase. J BiolChem 274, 20011–20016.  

[90] Sohlenkamp, C., de Rudder, K. E. E., Ro¨ hrs, V., Lo´ 

pez - Lara, I. M. & Geiger, O. (2000). Cloning and 

characterization of the gene for phosphatidylcholine 

synthase. J BiolChem 275, 18919–18925.  

[91] Lo´pez - Lara, I. M. & Geiger, O. (2001). Novel 

pathway for phosphatidylcholine biosynthesis in 

bacteria associated with eukaryotes. J Biotechnol 91, 

211–221.  

[92] Lo´pez - Lara, I. M., Sohlenkamp, C. & Geiger, O. 

(2003). Membrane lipids in plant - associated 

bacteria: their biosyntheses and possible functions. 

Mol Plant–Microbe Interact 16, 567–579.  

[93] Wilderman, P. J., Vasil, A. I., Martin, W. E., Murphy, 

R. C. & Vasil, M. L. (2002). Pseudomonas aeruginosa 

synthesizes phosphatidylcholine by use of the 

phosphatidylcholine synthase pathway. J Bacteriol 

184, 4792–4799.  

[94] Karnezis, T., Fisher, H. C., Neumann, G. M., Stone, 

B. A. &Stanisich, V. A. (2002). Cloning and 

characterization of the phosphatidylserine synthase 

gene of Agrobacterium sp. strain ATCC 31749 and 

effect of its inactivation on production of high - 

molecular - mass (1 - 3) - β - D - glucan (curdlan). J 

Bacteriol 184, 4114–4123.  

[95] Moser R, Aktas M, Narberhaus F. 

Phosphatidylcholine biosynthesis in 

Xanthomonascampestris via a yeast - like acylation 

pathway. MolMicrobiol 2014b; 91: 736–50.  

Paper ID: SR21929125529 DOI: 10.21275/SR21929125529 117 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 10, October 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[96] Stalberg K, Neal AC, Ronne H, et al. Identification of 

a novel GPCAT activity and a new pathway for 

phosphatidylcholine biosynthesis in S. cerevisiae. J 

Lipid Res 2008; 49: 1794–806.  

[97] Antonsson B. Phosphatidylinositol synthase from 

mammalian tissues. BiochimBiophysActa1997; 1348: 

179–86.  

[98] Nikawa J, Yamashita S. Phosphatidylinositol synthase 

from yeast. BiochimBiophysActa1997; 1348: 173–8.  

[99] Xue HW, Hosaka K, Plesch G, et al. Cloning of 

Arabidopsis thaliana phosphatidylinositol synthase 

and functional expression in the yeast pis mutant. 

Plant MolBiol2000; 42: 757–64.  

[100] Morii H, Ogawa M, Fukuda K, et al. A revised 

biosynthetic pathway for phosphatidylinositol in 

Mycobacteria. J Biochem2010; 148: 593–602.  

[101] Morii H, Ogawa M, Fukuda K, et al. Ubiquitous 

distribution of phosphatidylinositol phosphate 

synthase and archaetidylinositol phosphate synthase 

in Bacteria and Archaea, which contain inositol 

phospholipid. BiochemBioph Res Co 2014; 443: 86–

90.  

[102] Hill DL, Ballou CE. Biosynthesis of 

mannophospholipids by Mycobacterium phlei. J 

BiolChem1966; 241: 895–902.  

[103] Guerin ME, Kaur D, Somashekar BS, et al. New 

insights into the early steps of phosphatidylinositol 

mannoside biosynthesis in mycobacteria: PimB’ is an 

essential enzyme of Mycobacterium smegmatis. J 

BiolChem2009; 284: 25687–96.  

[104] Kordulakova J, Gilleron M, Puzo G, et al. 

Identification of the required acyltransferase step in 

the biosynthesis of the phosphatidylinositol 

mannosidesofmycobacterium species. J 

BiolChem2003; 278: 36285–95.  

[105] Svetlikova Z, Barath P, Jackson M, et al. Purification 

and characterization of the acyltransferase involved in 

biosynthesis of the major mycobacterial cell envelope 

glycolipid– monoacylated phosphatidylinositol 

dimannoside. Protein ExpresPurif2014; 100: 33–9.  

[106] Gao JL, Weissenmayer B, Taylor AM, et al. 

Identification of a gene required for the formation of 

lyso - ornithine lipid, an intermediate in the 

biosynthesis of ornithine - containing lipids. 

MolMicrobiol2004; 53: 1757–70.  

[107] Weissenmayer B, Gao JL, L ´ opez - Lara IM, et al. 

Identification of a gene required for the biosynthesis 

of ornithine - derived lipids. MolMicrobiol2002; 45: 

721–33.  

[108] Rojas - Jim´enez K, Sohlenkamp C, Geiger O, et al. A 

ClC chloride channel homolog and ornithine - 

containing membrane lipids of Rhizobium tropici 

CIAT899 are involved in symbiotic efficiency and 

acid tolerance. Mol Plant Microbe In 2005; 18: 1175–

85.  

[109] Vences - Guzm´an MA, Guan Z, Escobedo - Hinojosa 

WI, et al. Discovery of a bifunctional acyltransferase 

responsible for ornithine lipid synthesis in 

Serratiaproteamaculans. Environ Microbiol 2014, 

DOI: 10.1111/1462 - 2920.12562.  

[110] Vences - Guzm´an MA, Geiger O, Sohlenkamp C. 

Ornithine lipids and their structural modifications: 

from A to E and beyond. FEMS Microbiol Lett 2012; 

335: 1–10.  

[111] Vences - Guzm´an MA, Guan Z, Ormeno - Orrillo E, 

et al. Hydroxylated ornithine lipids increase stress 

tolerance in Rhizobium tropici CIAT899. 

MolMicrobiol2011; 79: 1496–514.  

[112] Moore EK, Hopmans EC, Rijpstra WI, et al. Novel 

mono - , di - , and trimethylornithine membrane lipids 

in northern wetland planctomycetes. Appl Environ 

Microb2013; 79: 6874–84.  

[113] Gonz´alez - Silva N, L ´ opez - Lara IM, Reyes - 

Lamothe R, et al. The dioxygenase - encoding olsD 

gene from Burkholderiacenocepacia causes the 

hydroxylation of the amide - linked fatty acyl moiety 

of ornithine - containing membrane lipids. 

Biochemistry 2011; 50: 6396–408.  

[114] Vences - Guzma´n MA, Guan Z, Bermu´ dez - 

Barrientos JR, et al. Agrobacteria lacking ornithine 

lipids induce more rapid tumour formation. Environ 

Microbiol2013; 15: 895–906.  

[115] L´opez - Lara IM, Gao JL, Soto MJ, et al. Phosphorus 

- free membrane lipids of Sinorhizobiummeliloti are 

not required for the symbiosis with alfalfa but 

contribute to increased cell yields under phosphorus - 

limiting conditions of growth. Mol Plant Microbe In 

2005; 18: 973–82.  

Paper ID: SR21929125529 DOI: 10.21275/SR21929125529 118 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



