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Lauric & Stearic
b, Capric & Laurie
Olleic & Butyric
d. Olesc & Lauric
4, Principal protein in milk is:-

Buttermalk

d. Kaumiss
9. How many indigenows enrymes have been reporied in bovine milk?

Lactose
b, Chlucose
Sucrose
d. Fraciose
2. Percentage of water in bufTalo milk is:-
B85 %
d. E7-90%
X, Soft fots in malk fad are:-
1%
b, 0.7 %
L5 %
d. 0.05%
B, Whey is the by-product in the manufacture of:-
Cheese
d. Yogun
7. Example of solt cheese is:-
Brick
d. Couage
8 Which one of the following is not fermented beverages?

o Skimmed milk

b, Buiter

b, Lactalbumin

¢. Casein

d. Lactoglobulin
5, Percentage of mineral matter in milk is about :-

n

e

a G567 %
b, TT5 %
c.

o

c

o Albumin
B

€.
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n. Cheddar
b, Swiss
3

a Kelir
b. Leban
e

a 3

What is the principal casbohydrate in the malks of all mammeals?

Dairy Technology-Multiple Choice Questions
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The synthesized free ethanolamine is then phosphorylated by an ethanolamine kinase, specific for ethanolamine different from choline kinase [46]. RecombinantArabidopsisSQD1 converts UDP-glucose and sulfite to the sulfolipid head group precursor UDP-sulfoquinovose in vitro. Van de Loo FJ, Turner PBS, Somerville C. This mechanism consists of a
deacylation-reacylation cycle of the PC which makes it possible to exchange acyls present on the PC with activated FAs taken from a cytosolic pool of free acyl CoA. The oleate exported from plastids, in the form of oleoyl CoA, is used as a substrate for the synthesis of polyunsaturated fatty acids which are inserted either in membrane lipids (PC, PE,
and PI) or in storage lipids (triacylglycerols TAG).In general, the synthesis of phospholipids is separated into three pathways: the phospholipids derived from cytidine diphosphate (CDP)-DAG (PI, PS), those derived from DAG (PC, PE) (Figure 6), and those from exchange of polar heads belonging to other phospholipids.PA can be converted to CDP-DAG
by the action of a CTP phosphatidate cytidylyltransferase. The chloroplast enzyme is clearly different from other phosphatidate phosphatases in the cell because it is membrane-bound, strongly associated with the inner membrane of the envelope, has an optimum alkaline pH, and is inhibited by cations such as Mg2+ [37]. Other changes (elongation,
desaturation, hydroxylation, and epoxidation) occur mainly in the endoplasmic reticulum.Two enzyme systems are required for fatty acid formation: acetyl CoA carboxylase (ACCase, EC 6.4.1.2) of which two forms have been identified in plants [10] and fatty acid synthase which is a multienzyme complex present in the stroma of chloroplasts [11].The
first enzyme complex is the ACCase that catalyzes an ATP-dependent carboxylation of acetyl CoA to malonyl CoA. For plants, acetyl CoA carboxylase (ACCase) directs the flow of carbon from photosynthesis to primary and secondary metabolites. Oxford: Blackwell Publishing; 2005. 2009;47:867-8794 3. The role of acetyl-coenzyme A synthetase
inArabidopsis. Vol. There are four sequential reactions involved in two-carbon addition (Figure 2).Plant fatty acid biosynthesis. This enzyme plays a key role in determining the ratio of saturated to unsaturated fatty acids [17].AdvertisementIn addition to the soluble acyl-ACP desaturases, the fatty acids synthesized in the chloroplast (palmitate,
stearate, and oleate) are desaturated by membrane-bound desaturases that utilize complex lipid substrates such as phosphatidylcholine (PC) in the endoplasmic reticulum (ER) or monogalactosyl-diacylglycerol (MGDG) in the plastid [16]. 2003;131:763-7723. KAS I is responsible for the condensations in each elongation cycle up through that producing
palmitoyl-ACP (16:0-ACP). 2006;47:296-30935. This pathway is characterized by the presence of molecular species 18: 3/16: 3 MGDG [23].The major molecular species of MGDG synthesized by the prokaryotic pathway generally contain a-linolenic acid (C18:3), exclusively on the sn-1 position of glycerol backbone, while the sn-2 position is esterified by
hexadecatrienoic acid (C16:3), resulting in desaturation of palmitic acid. 9. Block MA, Dorne A], Joyard J, Douce R. These DAGs can be desaturated by chloroplast desaturases [30, 31].Scheme of possible ways for the synthesis of eukaryotic-type MGDG in spinach, C16: 3 plants according to [25].It is therefore possible to judge the relative contributions
of the prokaryotic and eukaryotic pathways by comparing the proportions of eukaryotic 18/18 and 16/18 glycerolipids with prokaryotic 18/16 glycerolipids.AdvertisementMembranes of eukaryotic cells have multiple functions in ensuring physical compartmentalization at the cellular and subcellular levels, the regulation of exchanges by the transport
of metabolites and macromolecules, cellular communication (hormone receptors, surface antigens, signal transduction, etc.), and in some specific metabolic reactions. Annual Review of Plant Physiology. Lin M, Oliver DJ. Zhang Y, Maximova SN, Guiltinan M]. Trends in Biotechnology. Oleoyl-PCmolecular species desaturated in pea leaf microsomes.
Tunis: Centre National Pédagogique; 1992. Possible substrates of oleate desaturase in other green leaves. 2009;25:71-9132. Li-Beisson Y, Shorrosh B, Beisson F, Andersson MX, Arondel V, Bates PD, et al. cytochrome b5), and that the plant enzyme is soluble, whereas the animal and fungal enzymes are integral membrane protein [19].
2004;68(6):1175-118413. BCCP, biotin carboxyl carrier protein; BC, biotin carboxylase; a and B CT, a and B carboxy transferase; VLCFA, very long-chain fatty acids.The multisubunit (MS complex) ACCase, present in plastids of all plants, except Poaceaeand Geraniaceae, is involved in de novofatty acid synthesis [13]. Plant Cell. In the second reaction,
cytosolic lysophosphatidic acid acyl transferase (LPAAT2, EC 2.3.1.23) specifically incorporates oleic acid at the sn-2 position of LPA, which is the specific signature glycerolipids from the eukaryotic pathway.Most of the flow of chloroplast-exported fatty acids is incorporated in phosphatidylcholine (PC) by a mechanism called “acyl editing” [40]. Acyl-
lipid metabolism. The DAG thus produced (18/16 DAG) is at the origin of the glycolipids of prokaryotic structure, SQDG, MGDG, and DGDG (Figure 5).MGDG is synthesized in a single step by a 1,2-DAG 3-B-galactosyltransferase (or MGDG synthase) that transfers galactose from UDP-Gal to DAG via a 1 — 3 glycosidic linkage [38]. Konishi T, Shinohara
K, Yamada K, Sasaki Y. Plant acetylCoA carboxylase: Structure, biosynthesis, regulation and gene manipulation for plant breeding. KAS II is dedicated to the final plastidial elongation, that of palmitoyl-ACP (16:0-ACP) to stearoyl-ACP (18:0-ACP).The B-ketoacyl-ACP formed during the condensation reaction successively undergoes a reduction reaction
by B-ketoacyl-ACP reductase (EC 1.1.1.100), dehydration by the B hydroxyacyl-ACP dehydratase (EC 4.2.1.59) and a further reduction by enoylacyl-ACP reductase (EC 1.3.1.9) to give butyryl-ACP. The coenzyme of the two oxidation-reduction reactions is NADPH (Figure 3). Genetic engineering for plant oils: Potential and limitations. In contrast, MGDG
synthase 2 and 3 would be localized in the outer membrane [38]. 2015;6:239. Sasaki Y, Nagano Y. Ohlogge ]JB, Browse ], Somerville CR. Choi YH, Lee JK, Lee CH, Cho SH. 2010;11:01-6511. Cellular organization of glycerolipid metabolism. Galle AM, Demandre C, Guerche P, Joseph M, Dubacq JP, Mazliak P, et al. The Biochemistry of Plants.
Physiologie végétale. Plants synthesize a huge variety of fatty acids although only a few are major and common constituents [1] like palmitic, oleic, linoleic, and linolenic acids. Rontein D, Rhodes D, Hanson AD. 1991;96:144-15226. The palmitoyl-ACP (C16:0-ACP) will be extended by two new units to form a stearoyl-ACP (C18:0-ACP) chain by a plastid
soluble stearoyl-ACP synthase which is a multienzymatic complex composed of four enzymes (KASII, enoyl-ACP reductase, hydroxyacyl-ACP dehydrase, and enoylacyl-ACP reductase) [16].The formed stearoyl-ACP is then desaturated with a plastidial soluble stearoyl-ACP desaturase (SAD, EC 1.14. ER is the main site for the synthesis of phospholipids
and triacylglycerol, which derive from lysophosphatidic acid (LPA) as for the prokaryotic pathway (Figure 7).Biosynthesis of glycerolipids according to the eukaryotic pathway (PC, PE, PI, and PS). Sanda S, Leustek T, Theisen M], Garavito RM, Benning C. Lysophosphatidic acid (LPA) is thus formed. These are stearic and oleic acids. Castor bean seed
oil contains 90% of the unusual hydroxy-fatty acid. In the “C18:3” plants photosynthetically active, only the extrachloroplast galactolipid pathway is functional; in the case of “C16:3” plants, the two pathways coexist and their importance differs according to the species and the conditions of the environment.The flow of fatty acids (palmitoyl-ACP,
oleoyl-ACP, and to a lesser extent stearoyl-ACP) through the two pathways would be subject to severe control. Serghini-Caid H, Demandre C, Justin AM, Mazliak P. All double bonds are of cis type. Acyl editing and headgroup exchange are the major mechanisms that direct polyunsaturated fatty acid flux into triacylglycerols. In: Stumpf PK, Cohn EE,
editors. 2001;98:10960-1096538. Yu B, Xu C, Benning C.Arabidopsisdisrupted in SQD2 encoding sulfolipid synthase is impaired in phosphate-limited growth. In: Quinn P], Harwood JL, editors. DOI: 10.1105/tpc.7.7.9579. In nature, fatty acid synthases are subdivided into two groups. Indeed, the acyl residues enter directly into the extrachloroplast
pathway after having been hydrolyzed by fatty acyl-ACPs thioesterases FAT (A EC 3.1.2.14 and B EC 3.1.2.22) [22, 23] or in the chloroplast pathway after being acylated by acyl transferases [21].The released palmitic, oleic, and stearic acids are then activated into coenzyme A ester by the action of long-chain acyl-CoA synthetase (LACS, EC 6.2.1.3)
[24] and are exported to the cytosol (Figure 3).Plants export sufficient fatty acid (16: 0-CoA, 18: 0-CoA, 18: 1-CoA) for lipid synthesis of extraplastid membranes and TAG of seed lipids of all plants.The prokaryotic pathway uses acyl-ACPs for PA and PG synthesis in all plants, and galactolipids (MGDG, DGDG, and SQDG) of so-called “C16:3” plants.
Preparation and characterization of membrane fractions enriched in outer and inner envelope membranes from spinach chloroplasts. These two enzymes would be localized in plastids, presumably in the outer membrane of the envelope [41].Similarly, a sulfolipid synthase (EC 3.13.1.1) catalyzes the attachment of UDP-sulfoquinovose (UDP-SQ) to the
sn-3 position of DAG to form SQDG. The first step in the synthesis of SQDG or sulfolipid is the formation of UDP-SQ, a polar donor group [32]. Shimojima M, Watanabe T, Madoka Y, Koizumi R, Yamamoto MP, Masuda K. 1-555. Plant fatty acid synthase has inherited from photosynthetic prokaryotes; plastids being considered by the endosymbiotic
theory as an old cyanobacteria. Roughan PG, Slack RC. 3rd ed. The special physical or chemical properties of the “unusual” plant fatty acids have been exploited for centuries. 1988;176:506-501223. 3-1725. 185-188Submitted: April 27th, 2018 Reviewed: September 6th, 2018 Published: April 30th, 2019© 2019 The Author(s). The precursor is a
linoleoyl-PC and the desaturation is catalyzed by a D6 desaturase [55].Very long-chain fatty acids (AGTLCs, containing more than 18 carbons) are used in the biosynthesis of many lipids involved in seed storage and waxes. Annual Review of Cell and Developmental Biology. ylinolenic acid biosynthesis in microsomal membranes of developing borage
officinal is seeds. 1971;10(6):1261-127353. The pgpl mutant locus ofArabidopsisencodes a phosphatidylglycerolphosphate synthase with impaired activity. London: Portland; 1990. This enzyme catalyzes the reaction between a eukaryotic PA molecule and a CTP molecule to form CDP-DAG and pyrophosphate.Phosphoinositides are an important group
of complex structure. In the same cell, it is therefore not surprising to encounter different types of membranes with a specific lipid and protein composition that will determine their respective functions [32]. Plastid lysophosphatidyl acyltransferase is essential for embryo development inArabidopsis. Seeds that contain more than 45% protein are called
protein seeds. The first step of the prokaryotic pathway is the transfer of the oleate to a glycerol-3-phosphate at position sn-1 by an acyl ACP-glycerol 3 phosphate acyltransferase (EC 2.3.1.1), soluble in the stroma of the plastid [35]. New York: Academic Press; 1980. Tunis: Centre National Pedagogique; 1992. 2007;92:225-24428. This enzyme is a
nuclear-encoded, plastid-localized soluble desaturase that introduces the first A9 double bond into the saturated fatty acid resulting in the conversion of 18:0-ACP into 18:1A9-ACP [18].The lack of structural similarity between plant and mammalian desaturase reflects the facts that the fatty acid substrates are on different carriers (ACP and CoA,
respectively),that the enzymes utilize different electron donors (ferredoxin vs. Kelly AA, Froehlich JE, Dormann P. Biosynthesis and desaturation of prokaryotic galactolipids in and isolated chloroplasts from spinach leaves. The structure of this fatty acid is unusual; in plants, all the double bonds of the fatty acids of the membrane lipids are of cis type
with the exception of this fatty acid.The second pathway, called the “eukaryotic” pathway, leads to the formation of two types of MGDG molecular species; one of them contains a-linoleate in both positions of glycerol and the other molecular species contains a-linoleate in position sn-2 and palmitate in position sn-1. is a fatty acyl desaturase homolog
(ricinoleic acid/castor/FAH12/transgenic plants). Harwood JL. This synthesis is mainly carried out by two metabolic pathways described as prokaryotic and eukaryotic [33].Eukaryotic DAGs and prokaryotic DAG structures are the precursors of glycolipid synthesis (SQDG, MGDG, and DGDG). Indeed, the seeds are subdivided into three categories
according to their reserve. 1983;24:1-97. Plant Lipids: Biology, Utilisation and Manipulation. Planta. PI synthesis is catalyzed by PI synthase from free inositol and CDP-DAG. PI-3P and PI-4P are formed by phosphorylation of PI, respectively, by PI 3- and PI 4-kinases. Grosbois M. 2002;99:5732-573742. Dubacq JP, Trémolieres A. Phytochemistry.
Progress in Lipid Research. Mutants deficient for the lysophosphatidylcholine acyltransferase (LPCAT1 and LPCAT?2 genes) have reduced levels of polyunsaturated FA (PUFA) in TAGs [29].After desaturation as acyl-PC, a part of them, probably in the form of DAG, returns to the chloroplast and contributes to the formation of chloroplast galactolipids
(Figure 5). Indeed, plants that produce seeds with high concentrations of 8 to 14 carbon atoms, like Cuphea lanceolatarich in decanoic acid (C10: 0) Umbellularia californicarich in laurate (C12: 0) contain specific thioesterase for medium fatty acid chains. However, a large part of the lipids thus generated is present in other membranes than those in
which they are synthesized (vacuole, plasma membrane, and thylakoid). An oleate 12 hydroxylase fromRicinus communisL. In chloroplasts, PG is generated in the inner membrane of the envelope where phosphatidylglycerol-phosphate synthase and phosphatidylglycerol-phosphate phosphatase (EC 3.1.3.27) activities have been detected [43].The fatty
acids that make up the various glycerolipids formed in the plastid are characterized by a high degree of unsaturations introduced by the various fatty acid desaturases (FAD6, FAD7 and FADS8, EC 1.14.19) to generate polyunsaturated fatty acids (PUFA) necessary for the proper functioning of plastids [43].A major proportion of palmitic and oleic acids
are transported as CoA esters outside the chloroplast to be incorporated at the endoplasmic reticulum (ER) into the phospholipids (PC, PE, PI, and PS) (Figure 6). II. Licensee IntechOpen. 19.2) in oleoyl-ACP (C18:1A9-ACP) [17]. 2002;129:594-60444. This pathway is similar to the pathway demonstrated in photosynthetic prokaryotes [22].The
prokaryotic pathway is distinguished from the eukaryotic one by the presence of C16 fatty acids at the sn-2 position of the glycerol backbone. 1983;258:13281-1328637. The Lipid Handbook. Differential regulation of two types of monogalactosyldiacylglycerol synthase in membrane lipid remodeling under phosphate-limited conditions in sesame plants.
The position and number of double bonds may also be unusual, and hydroxy, epoxy, or other functional groups can modify the acyl chain.The synthesis of these unusual fatty acids involves just one additional or alternative enzymatic step from primary lipid metabolism. Evidence that isolated chloroplasts contain an integrated lipid-synthesizing
assembly that channels acetate into long-chain fatty acids. A novel group of oleosins is present inside the pollen ofArabidopsis. In all plants, MF ACCase is involved in very long-chain fatty acid and flavonoid biosynthesis in the cytosol [13].The sensitivity of plastidial ACCase to sethoxydim and the presence of a 220-kDa biotinylated polypeptide in
soybean plastids provide a biochemical indication for the possible presence of two ACCase isoforms, one resistant (MS) and one sensitive (MF), in soybean leaf chloroplasts [14].The second enzyme complex involved in de novosynthesis is the fatty acid synthase (FAS). The w9 desaturase is much more active on the palmitoyl residue in the sn2 position
of glycerol of the MGDG than on the one located in the position sn2 of the DGDG.The w6 and w3 desaturases, respectively, catalyze the desaturation of the monounsaturated acyls (hexadecenoyl and oleoyl) and diunsaturated (hexadecadienoyl and linoleoyl) residues. Plant acyl lipids: Structure, distribution and analysis. Kobayashi K, Awai K, Takamiya
K, Ohta H.Arabidopsistype B monogalactosyldiacylglycerol synthase genes are expressed during pollen tube growth and induced by phosphate starvation. 1983;21:293-3126. Podkowinski J, Jelenska ], Sirikhachornkit A, Zuther E, Haselkorn R, Gornicki P. In plants, the structure of membrane lipids is different from that of eukaryotic cells. (A) The
multisubunit (MS complex) ACCase and (B) the multifunctional (MF) ACCase. Characterization of a stearoyl-acyl carrier protein desaturase gene family from chocolate tree,Theobroma cacaol. Two types of MGDG synthase genes, found widely in both 16:3 and 18:3 plants, differentially mediate galactolipid syntheses in photosynthetic and
nonphotosynthetic tissues inArabidopsis thaliana. Biochimica et Biophysica Acta. Lohden I, Frentzen M. Kinney AJ. In plants, carbon, energy, and reducing power are needed for fatty acid biosynthesis derived from photosynthesis in chloroplasts [2]. Recent advances in the biosynthesis of plant fatty acids. There are therefore two types of glycolipids:
prokaryotic glycolipids whose DAG backbone is of the C18/C16 type and which are desaturated exclusively in the plastid and eukaryotic glycolipids including DAGs of the type (C18:1/C18:1 and C16:0/C18:1) are derived from phosphatidylcholine and are desaturated in RE and plastid [34]. Journal of Experimental Botany. Evidence from engineering
that decarboxylation of free serine is the major source of ethanolamine moieties in plants. After the initial condensation of acetyl CoA and malonyl-ACP, all the intermediates for each step of the fatty acid biosynthetic pathway are acyl-ACPs.AGS is composed of four enzymes: ketoacyl-ACP synthase (KAS, EC 2.3.1.41), B-ketoacyl-ACP reductase (EC
1.1.1.100), hydroxy acyl-ACP dehydrase (EC 4.2.1.59), and enoylacyl-ACP reductase (EC 1.3.1.9). These lipids are the main source of calories and essential fatty acids for men and animals. Belkebir A, De Paepe R, Trémolieres A, Aid F, Benhassaine-Kesri G. This enzyme is an amino alcohol phosphotransferase that synthesizes both PE and PC [47]
(Figure 7).PC can also be synthesized by two different ways, either by methylation of PE with PE-N-methyltransferase, or by the addition of CDP-choline on DAG. The pathway using CDP-choline is preponderant [48].The synthesis of all these lipids, phospholipids, and glycolipids is localized in specific membranes. Phosphoethanolamine is then
converted to CDP-ethanolamine by a CTP: phosphoethanolamine cytidyl transferase. In: Stumpf PK, Conn EE, editors. In recent decades, extensive studies have indicated that pro-inflammatory cytokines play important roles in the development of lipid metabolism of metabolic diseases, including obesity, atherosclerosis, steatohepatitis and
hyperlipoproteinemia. Stearoyl-acyl-carrier-protein desaturase from higher plants is structurally unrelated to the animal and fungal homologs (fatty acid desaturation/cDNA clone/lipid unsaturation/fatty acid synthase). A specific acyi-ACP thioesterase implicated in laurate production in immature cotyledons ofUmbellularia californica. Adipose tissue
has been considered as a crucial source of certain pro-inflammatory cytokines; conversely, these pro-inflammatory cytokines are involved in regulating the proliferation and apoptosis of adipocytes, promoting lipolysis, inhibiting lipid synthesis and decreasing blood lipids, etc. Gidda SK, Shockey JM, Rothstein S], Dyer JM, Mullen RT.Arabidopsis
thalianaGPAT8 and GPAT9 are localized to the ER and possess distinct ER retrieval signals: Functional divergence of the dilysine ER retrieval motif in plant cells. CDP-DAG will be used for the synthesis of phosphatidyl glycerol (PG) of the plastid [35] and DAG can be used for the synthesis of galactolipids (MGDG, DGDG) or a sulfolipid
(sulfoquinovosyldiacylglycerol) (Figure 6).Biosynthesis of glycerolipids according to the prokaryotic pathway (MGDG, DGDG, SQDG, and PG). The TAGs result from the esterification at the sn-3 position of DAG of fatty acid from the pool of cytosolic acyl CoA by the action of diacylglycerol acyltransferase (DGAT, EC 2.3.1.20) or phospholipid:
diacylglycerol acyltransferase (PDAT, EC 2.3.1.158) [17]. Another possible source is the import and activation of free acetate by acetyl CoA synthase (ACS, EC 6.2.1.1) [9]. 1988;54:93-10131. 1996;1301:7-5617. Very long-chain fatty acids (VLCFAs) are synthesized in the following by-products of elongation of a C18 fatty acyl precursor by two carbons
originating from malonyl CoA. Each elongation step requires four enzymatic reactions: condensation between an acyl precursor and malonyl-CoA, followed by a reduction, dehydration, and another reduction.AdvertisementThe reason for the great diversity in plant storage oils is unknown. Two distinct molecular forms of ACCase have been identified,
a multiprotein complex and a multifunctional protein [12] (Figure 1).Structure of the two types of ACCase. Other tissues can also accumulate TAGs, such as senescence leaves or pollen grains [49, 50].Their biosynthesis occurs at the ER membrane during the storage accumulation phase after embryogenesis. This results in the synthesis of 18:1/16:0-
PA.Phosphatidic acid (PA) can either be converted to CDP-DAG by the action of a CTP-phosphatidate cytidylyltransferase (EC 2.7.7.41) which catalyzes the reaction between PA and CTP to form CDP-DAG and pyrophosphate or dephosphorylated to diacylglycerol (DAG) by phosphatidate phosphatase (PAP; EC 3.1.3.4). The butyryl-ACP formed will be
extended by two further C2 units after further condensation with malonyl-ACP. The B-ketoacyl-ACP synthase I (KASI) catalyzes this reaction. 2004;134:1206-121636. Fox BG, Shanklin J, Somerville C, Munck E. 2008;147:1822-182910. Plastid pyruvate dehydrogenase (EC 1.2.4.1) is the main route for a rapid and stable supply of acetyl CoA through its
action on pyruvate (resulting from glycolysis or the pentose phosphate pathway). Specificity of some enzymes involved in glycerolipid biosynthesis. These last two steps are thought to require a specialized condensing enzyme and a specialized acyl-ACP thioesterase [52].Plants that synthesize medium-chain fattyacids have several thioesterases.
Heemskerk JWM, Wintermans JFGM. Lipid biosynthesis in blue green algae Anabaena variabilis. Boca Raton, Florida: Taylor & Francis; 20072. cDNA cloning and expression of an aminoalcoholphosphotransferase isoform in Chinese cabbage. However, in the chloroplast, phosphatidyl glycerol (PG) is acylated with an unusual acid having a trans-type
double bond: A3 16: 1t[5].Photosynthetic tissues of higher plants contain 60-70% trienoic fatty acids. Medium fatty acids (lauric acid) are the ingredients of a soap or shampoo. Tasseva G, Richard L, Zachowski A. Trémoliéres A, Dubacq JP, Drapier D, Muller M, Mazliak P. Shanklin J, Somerville C. Kim HU, Hsieh K, Ratnayake C, Huang AHC.
1996;110:1239-124712. Heemskerck JWM, Schmidt H, Hammer V, Wintermans JFGM. Dubacq JP, Drapier D, Trémolieres A. 2012;160:1530-153930. Press; 1987. Expression of cytosolic and plastid acetyl-coenzyme A carboxylase genes in young wheat plants. Awai K, Maréchal E, Block MA, Brun D, Masuda T, Shimada H, et al. Role of plastidial acyl-
acyl carrier protein: Glycerol 3 phosphate acyltransferase and acyl-acyl carrier protein hydrolase in channeling the acyl flux through the prokaryotic and eukaryotic pathway. Plant Physiology and Biochemistry. The enzymes involved are: (1) glycerol-3-phosphate acyl transferase; (2) 1-acyl-glycerol-3-phosphoacyltransferase; (3) phosphatidate
phosphatase; (4) MGDG synthase; (5) SQDG synthase; (6) phosphatidate cytidyl transferase; (7) CDP-DAG: glycerol-3-phospho-cytidylyltransferase; (8) phosphatidate glycerophosphatase; d: desaturase.From the phyllogenetic point of view, the difference between so-called “C16:3” and “C18:3” plants is related to the presence of plastid phosphatidate
phosphatase in “C16: 3” plants, lost during evolution in “C18:3” plants. Keywords: Lipid metabolism; atherosclerosis; cytokine; fatty acid; obesity; steatohepatitis. Lipid Biotechnology. Photosynthesis Research. 1996;37:117-12214. The Journal of Biological Chemistry. Stumpf PK. 1991;88:2510-251420. The first molecular species synthesized by MGDG
synthase is 18:1/16 0 MGDG. The palmitoyl residue is desaturated to a cis-hexadecenoyl residue by an w9 desaturase, which is specific for both, the sn2 position of the fatty acid on glycerol and lipids (MGDG) [24, 25]. This chapter will also focus on the structure and biosynthesis of fatty acids and membrane lipids in plants. PI represents 93% of
phosphoinositides, while PIP (mainly PI-3P and PI-4P) and PIP2 (PI-(4,5) P2) represent less than 1%. Oleaginous seeds contain more than 50% of lipids in the form of triacylglycerol esterified generally by palmitic, oleic, linoleic, and linolenic acids in majority of seeds. Although de novosynthesis is located in the stroma, plant mitochondria are capable
of limited fatty acid synthesis [3]. The prokaryotic pathway, exclusively localized in plastids, therefore requires desaturation steps.The DAG, precursor of prokaryotic MGDG, is an 18:1/16:0 DAG (Figure 5). 1993;90:2486-249019. After seven rounds of cycle, palmitoyl-ACP is formed.Schematic representation of the export of fatty acids from the plastid
to the cytosol. The so-called “C18: 3” plants are generally the most advanced families of angiosperms (pea, spinach, etc.) whose position sn-2 of the galactolipids is esterified exclusively by polyunsaturated fatty acids with 18 carbon atoms. Perspectives on the production of industrial oils in genetically engineered oilseeds. MGDG synthase 1 catalyzes
the synthesis of eukaryotic and prokaryotic MGDG molecules in vitro with no apparent specificity for either structure [38] and is at the origin of the majority of the MGDG synthesized in standard condition. Mutants ofArabidopsisreveal many roles for membrane lipids. Block MA, Douce R, Joyard J, Rolland N. Some plants can produce unusual fatty
acids like hydroxyl fatty acids, cyclopropane fatty acids, epoxy fatty acids, and conjugated unsaturated fatty acids in their seed oils, many of which have useful industrial applications [7]. Acetyl-CoA carboxylase in higher plants: Most plants other thanGramineaehave both the prokaryotic and the eukaryotic form of this enzyme. II Fatty acids and
molecular species. A role for diacylglycerol acyltransferase during leaf senescence. All of these fatty acids can have industrial and/or pharmaceutical applications.fatty acidlipidsbiosynthesisplantPlants produce the majority of lipids in the world. 2004;134:640-64839. Many of the unusual fatty acids have properties that are valuable as renewable
feedstocks for the chemical industry. DGDG synthasel acts preferentially on MGDG C18/C18, whereas DGDG synthase2 seems to have an affinity for MGDG with C16/18 [41]. A second plastid-related plastid acyltransferase, the LPA-ACP acyltransferase, catalyzes the esterification of palmitoyl-ACP at the sn-2 position (LPAAT1; EC 2.3.1.51) [36]. The
fatty acid synthase type I which is characterized by a large, multifunctional proteins typical of yeast and mammals and the fatty acid synthase type II, found in prokaryotes which is composed of four dissociable proteins that catalyze individual reactions. This allows for a renewal of the fatty acid composition of TAGs [51].More than 300 different fatty
acids are known to occur in seed TAG. Chain length may range from less than 8 to over 22 carbons. New York: Acad. Its synthesis takes place in the RE during the formation of the seed. The “C16: 3” plants are generally the less evolved families of angiosperms (Brassicaceae) whose position sn-2 of the galactolipids is esterified by polyunsaturated
fatty acids with 16 or 18 carbon atoms [6].Plant lipids have a substantial impact on the world economy and human nutrition. 27-6616. Hydroxy fatty acids such as ricinoleic acid could be a source of biodiesel.These unusual fatty acids synthesized by spontaneous plants are therefore obtained in small quantities. Metabolism, Structure and Utilization of
Plant Lipids. However, the involved pro-inflammatory cytokines types and the underlying mechanisms remain largely unknown. Xu C, Yu B, Cornish AJ, Froehlich JE, Benning C. The major product of FAS is palmitic acid, except the elongation of palmitic acid and the desaturation of stearic acid which take place in the chloroplast. Many of the unusual
fatty acids are found in taxonomically dispersed families implying that the recruitment of enzymes for the synthesis of these unusual fatty acids might have occurred a number of independent times during angiosperm evolution.Plants that synthesize unusual monounsaturated fatty acidshave an additional desaturase, which is closely related to the A9-
desaturase but introduces a double bond at a different location on the acyl-ACP. In coriander (Coriandrum sativum), petroselinic acid is synthesized by a desaturase that introduces a double bond between carbons 4 and 5 of a C16 acyl-ACP (A4-desaturase). Polyunsaturated fatty acid synthesis by a mixture of chloroplasts and microsomes from spinach
leaves: Evidence of two distinct pathways of biosynthesis of trienoic acids. Disruption of the two digalactosyldiacylglycerol synthase genes DGD1 and DGD?2 inArabidopsisreveals the existence of an additional enzyme of galactolipid synthesis. 1995;7:957-970. 2006;57:3553-356215. 2002;41:254-27833. 1989;7:122-12552. 4. These differences in DAG
structure are due to different specificities of the chloroplast and ER acyl transferases. Plant Science. 2004;566:115-12049. Wallis JG, Browse ]J. Cloning and expression of a wheat (Triticum aestivumlL.) phosphatidylserine synthase cDNA. Benning C. Pollard MA, Anderson L, Fan C, Hawkins DJ, Davies HM. Biosynthese des acides gras au cours du
développement du fruit et de la graine du lierre. 1982;710:279-28924. 1987;70:558-56822. Lipids of seeds are essentially composed of TAG; it would be interesting to describe their synthesis during the maturation of the seeds. Fatty acid biosynthesis. The membranes of the chloroplasts are essentially formed of galatolipids. Arabidopsis eBook. These
phosphoinositides play a major role in signaling processes. Although pro-inflammatory cytokines have been intensively investigated in cancer research, there are very few studies about the roles of pro-inflammatory cytokines in the lipid metabolism of cancer. This pathway requires cooperation between plastids and the endoplasmic reticulum for the
formation of glyceroglycolipids in chloroplasts [23, 28].The oleate integrated into PC molecules at the position sn-2 of glycerol backbone undergoes a succession of desaturations catalyzed by the (w-6, A12) oleate desaturase, still identified by the fad2 mutation of Arabidopsisand allowing the synthesis of linoleic acid and the (w-3, A15) linoleate
desaturase, identified by the fad3 mutation of Arabidopsis, which allows the synthesis of a-linoleic acid. 163-16554. In: Chérif A et al., editors. Fatty acids in cell membranes consist mainly of palmitic, stearic, oleic, linoleic, and linolenic acids. Finally, PIP2 is formed from PI-4P by PI-4P 5-kinase activity (Figure 7).PS synthase catalyzes the addition of
serine to CDP-DAG [44].The plants synthesize ethanolamine by decarboxylation of serine [45], by serine decarboxylase which is a soluble, plant-specific enzyme. 1991;1082:1-2627. Battey JF, Schmid KM, Ohlrogge JB. Kim HU, Huang AHC. 2000;41:1080-108448. These fatty acids were used for the synthesis of glycerolipids by two distinct metabolic
pathways (prokaryotic and eukaryotic pathway) and in different cellular compartments (plastids and ER) [20].The importance of both biosynthetic pathway depends on the plant species. In: Kuo TM, Gardner HW, editors. Physiologia Plantarum. Bioscience, Biotechnology, and Biochemistry. In vitro cooperation between plastids and microsomes in the
leaf lipids. The second reaction is catalyzed by a sulfolipid synthase (EC 3.13.1.1) that transfers SQ from UDP-SQ to a DAG molecule [42].Phosphatidic acid (PA) is also a substrate for CDP-DAG synthase (EC 2.7.7.41) to form CDP-DAG, the precursor of PG synthesis (Figure 5). The w6 desaturase acts equally well on the hexadecenoyl and oleoyl
residues located at the sn2 and sn1 positions of the MGDGs and DGDGs. The desaturation of palmitic acid to hexadecenoyl acid is a prerequisite for other desaturations [26] (Figure 4).Possible desaturation scheme of prokaryotic MGDG in plastids.This desaturation scheme is similar to that proposed for the desaturation of lipid acyls in the blue
seaweed Anabaena variabilis[22].Phosphatidyl glycerol synthesis occurs in both “C16:3” and “C18: 3” plants in the chloroplast. DOI: 10.3389/fpls.2013.0046934. Plant Physiology. Biochemical characterization. The synthesis of these fatty acids is thought to take place on the endoplasmic reticulum and use fatty acids esterified to the major membrane
lipid phosphatidylcholine as a substrate.Borage (Borago officinalis L.) seeds and evening primrose (Oenothera biennisL.) seeds are rich in ylinolenic acid (A6, 9, 12), respectively, from 22 to 25% and from 8 to 10%, an essential fatty acid. Plant and Cell Physiology. Lipid biosynthesis. In plants, the synthesis of fatty acids takes place in the chloroplast
and the fatty acid synthase is prokaryotic type. 1995, 1995;92:6743-674755. DOI: 10.3389/fpls.2015.0023918. Xu C, Hartel H, Wada H, Hagio M, Yu B, Eakin C, et al. New York: Marcel Dekker; 2001. The cell therefore has specific lipid transport mechanisms.AdvertisementTAGs are neutral lipids and are the major component of oilseed oil.
Phosphatidylglycerol biosynthesis in chloroplasts ofArabidopsismutants deficient in acyl-ACP glycerol-3phosphate acyltransferase. In: Cherif A et al., editors. Frontiers in Plant Science. In the current review, we provide an overview of the progress that has been made in the roles of different pro-inflammatory cytokines in lipid metabolism of metabolic
diseases including cancer. All components of fatty acid synthase occur in plastids, although they are encoded in the nuclear genome and synthesized on cytosolic ribosomes. Stearoylacyl carrier protein D9 desaturase fromRicinus communisis a di-iron-oxo protein. These desaturases have no specificity with respect to the length of the fatty acid chain or
its position on glycerol. 2003;15:2694-270640. These two enzymes have a better affinity for eukaryotic DAG (C18: 2/C18: 2) [38] and would likely be in the supply of MGDG for synthesis of DGDG [39].A small proportion of MGDGs are again glycosylated by DGDG synthase (EC 2.4.1.241) to form DGDG. Two enzymes catalyze DGDG synthesis by adding
Gal from UDP-Gal to MGDG via al — 6 glycosidic linkage [40]. These storage lipids represent the main source of carbon and energy mobilized during germination. Although plant cells are eukaryotic, the fatty acid synthase found in plastids is of type II [15]. Ohlrogge J, Browse J. 2002;277:22677-2268451. The biosynthesis of saturated fatty acids. The
biotin carboxylase (BC) subunit catalyzes the ATP-dependent carboxylation of the biotinyl moeity on biotin carboxyl carrier protein (BCCP), and the carboxytransferase (CT) subunits catalyze the transfer of activated carboxyl groups from BCCP to acetyl CoA to form malonyl CoA.The multifunctional (MF) ACCase, consisting of a single 220-240 kDa
polypeptide with BCCP, BC, and CT domains, is nuclear encoded except the aCT subunit which is encoded by the plastidial genome [13]. The plastid membranes are mainly composed of galactolipids, while those of extrachloroplast membranes consist of phospholipids as in the animal cell [4]. These unusual fatty acids accumulate preferentially in
triacylglycerols.AdvertisementIn plants, de novofatty acid biosynthesis mainly takes place in the plastidial compartment [8] from acetyl CoA, which is a direct product of photosynthesis. In plants, acyl carrier protein (ACP) is used as the acyl carrier for the various intermediate for fatty acid synthase unlike other eukaryotic cells where fatty acids are in
acyl CoA form [15].The initial substrates for fatty acid biosynthesis are acetyl CoA and malonyl-ACPs. The transfer of malonyl moiety from CoA to ACP is catalyzed by malonyl CoA:ACP transacylase (MAT). Sethoxydim affects lipid synthesis and acetyl-CoA carboxylase activity in soybean. VLCFAs like erucic acid (C22:1) can be used as a lubricant or
participate in the formation of plastic film. Sato N, Murata N. Plant Lipid Biochemistry, Structure and Utilization. Mazliak P, Justin AM, Demandre C, Chicha A. The majority of oils used by humans are triacylglycerols derived from seeds or fruits. In order to obtain these fatty acids regularly and in large quantities for industrial use, it will either be
necessary to domesticate the plant or introduce the specific gene of the nonconventional fatty acid into an oleaginous plant grown to obtain sufficient yields for industrial uses.1. Gunstone FD, Harwood JL, Dijkstra AJ, editors. Chloroplast envelope membranes: A dynamic interface between plastids and the cytosol. Some plants contain in their reserve
lipids unconventional fatty acids such as gamma linolenic acid in Borrago officinalis L., short-chain fatty acids C: 12 and C: 10, fatty acids with very long chains, and fatty acids that are cyclical. 2013;4:469. are the source of castor oil, used for the production of high-quality lubricants due to its high proportion of the unusual fatty acid ricinoleic acid.
Role of the chloroplast in the leaf acid lipid synthesis. The synthesis of glycolipids, being localized in the membranes of the plastid envelope, thus requires a mechanism for importing DAGs of eukaryotic structure. All the enzymes identified to date that are involved in unusual fatty acid biosynthesis are structurally related to enzymes of primary lipid
metabolism. The enzymes involved are: (1) glycerol-3-phosphate acyl transferase; (2) 1-acyl-glycerol-3-phosphoacyltransferase; (3) phosphatidate phosphatase; (4) CDP-choline: DAG choline phosphotransferase; (5) CDP-ethanolamine: DAG ethanolamine phosphotransferase or PE synthase; (6) phosphatidate cytidyl transferase; (7) PS synthase; (8) PI
synthase; (9) PS decarboxylase; (10) N-methyltransferase.In plant, the glycerophosphate acyltransferase (GPAT) family is involved in the first reaction leading to LPA synthesis of the eukaryotic pathway [35]. Regulation of phosphatidylcholine biosynthesis under saltstress involves choline kinase inArabidopsis thaliana. Lipid metabolism in
germinatingseeds. Lecturer resources Figures and tables from the book Browse: All subjects Health Sciences Learn about: Online Resource Centres VLE/CMS Content Test Banks From our catalogue pages: Find a textbook Find your local rep Answer the following questions and then press 'Submit' to get your score. This chapter is distributed under
the terms of the Creative Commons Attribution 3.0 License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Occurrence and function of phosphatidylglycerol containing 3transhexadecenoic acid in photosynthetic lamellae. 2002;129:1616-162650. This fatty acid is then
extended by two carbons and cleaved from ACP to produce the free fatty acid. Wharfe J, Harwood JL. Overexpression in plants alters the composition of phospholipids. pp. 1982;33:97-13221. It is composed of four independent polypeptides: biotin carboxyl carrier protein (BCCP), biotin carboxylase (BC) and a and B carboxy transferase (a and  CT).
In: Murphy D], editor. Plant Molecular Biology. 121-1364. 85-938. It involves in a first step the phosphatidic acid (PA) and CDP DAG which is of prokaryotic type. Purification of ethanolamine kinase from soya bean. Mechanisms of lipid transport involved in organelle biogenesis in plant cells. 1980;114:135-13829. Bates PD, Fatihi A, Snapp AR,



Carlsson AS, Browse JA, Lu C. Two acyl-ACPs thioesterase enzymes and a chloroplast glycerol 3-phosphate acyl transferase play a very important role. This chapter will describe lipid biosynthesis in plants by signaling differences with other organisms and highlighting the specificity of plants.Fatty acid biosynthesis in plants occurs in the chloroplasts
of green tissue and in the plastids of nonphotosynthetic tissues and not in the cytosol as in the animal cell. Delhaize E, Hebb DM, Richards KD, Lin JM, Ryan PR, Gardner RC. Like other eukaryotes, lipids are necessary for the biogenesis of cell membranes, as signal molecules and especially as a source of carbon and energy. 1979;575:102-11147. ACC,
acetyl CoA carboxylase; ACP, acyl carrier protein; FA, fatty acid; CoA, coenzyme A; FAS, fatty acid synthase; FAT A/B, fatty acyl-ACP thioesterase A/B; LACS, long-chain acyl CoA synthase; PAE, palmitoyl-ACP elongase; SAD, stearoyl-ACP desaturase.Although the final product of fatty acid synthase is palmitic acid, two other common fatty acids are
synthesized in the chloroplast stroma. Proceedings of the National Academy of Sciences of the United States of America. FEBS Letters. 2001;276:3941-394641. The acyl CoAs can be released from PC after desaturation with lyso-PC acyltransferase and reincorporated into the DAG-TAG chain. 2003;44:1185-119146. The "re-discovery" of cancer as a
metabolic disorder largely occurred in the last five years. The last step of PE synthesis is catalyzed by a CDP-ethanolamine: DAG ethanolamine phosphotransferase. Roughan PG, Ohlrogge JB. Kaup MT, Froese CD, Thompson JE. This chain requires a carboxylation reaction of acetyl CoA to malonyl CoA, an activation reaction of malonyl CoA to malonyl-
ACP, a condensation reaction between acetyl CoA and malonyl-ACP to form B-ketoacyl-ACP, which undergoes in turn a reduction reaction, dehydration, and a second reduction extending the fatty acid of two carbon atoms.The first condensation takes place between acetyl CoA and malonyl-ACP This reaction is catalyzed by 1,3-ketoacyl-ACP synthase
I (KAS, EC 2.3.1.41), one of three ketoacyl synthases in plant systems [15]. About 30-40% of the palmitoyl residue at position sn-2 of PG is desaturated at carbon 3 to form 3-trans-hexadecenoic acid [27]. By removing acyl groups from ACP prematurely, the medium-chain thioesterases simultaneously prevent their further elongation and release them
for triacylglycerol synthesis outside the plastids [53].Seeds of Ricinus communisL. Castor bean seeds contain an oleate hydroxylase which is structurally similar to extraplastidial membrane-bound A12-desaturases (FAD2), and only four amino acid substitutions are needed to convert an 18:1-desaturase into an 18:1-hydroxylase [54]. The Plant Journal.
The genetic of plant lipids. Starchy seeds contain more than 70% of carbohydrates like cereals. 1999;274:7082-708845.
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