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The complexity and redundancy of thylakoid lipid biosynthesis as depicted
Figure 35 ciearly invokes lipid transport processes that must shuttie
ipid precursors and products between the three involved biogenic
membranes and the thylakoids. In recent years, Arabidopsis genetics
provided identification of some of the genes and proteins involved in the
process, and a current model depicting the location and possible function
of these proteins is shown in Figure 4. In addition to the already
mentioned ats7 mutant disrupted in the piastid pathway of galactolipid
biosynthesis, mutants of Arabidopsis were identified that clearly meet
phenotypic criteria for a disruption in the ER pathway of thylakoid lipid
biosyninesis. These are the fgd mutanls named after
for example, (TGDG;
see Figure 1), accumulating i their tissues (Awai et al. 2006; Lu et al
2007; Xu et al. 2003, 2005, 2008a). The oligogalactoglycerolipids
produced in the tyd mutants are structurally different from the typical
galactoglycerolipids found in leaves, such that they are notlikely the
roduct of the nonpracessive UDP-Gal-dependent MGD1 or DGD1
galactosyliransferases or their MGD2/3 and DGD2 paralogs (Xu et &
2003) Instead, these oligogalactoglycerolipids appear o bo pmduoed by
a processive UDP-
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in plasiid by’ d etal
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galactosyl residues repeatedly from MGDG onto an acceptor lipid, for
example a second MGDG, thereby releasing diacylglycerol (DAG)
(Benning & Onta 2005).

The function of this enzyme in the wid type is
—— ot clear at ths ime. However. a candidate
\T‘f'/ gene and a mutant of Arabidopsis deficient in
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S the basis for a functional analysis in the near
- future (8. Muthan, E.R. Moslering, C. Xu, and
C. Benning, unpublished wrork]. It s possible
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according to the current model shown in
jure 4 is produced at the outer plastid
envelope membrane. Incidentally, PIAOH levels were found to be.
elevated in the tgd1 mutant (Xu et al. 2005). but the extent of s increase
was dependent on the growth condions with older piants grown on agar
plates showing the highest PIJOH levels (C. Xu and C. Benning,
unpublished work). The mutants also accumulate triacylglycerols in their
lea tissue, and triacylglycerol biosynihesis could be simulated al the ER
o remove PIdOH backing up in (o mutants. Therefore, the buidup of
unusual lipids. altnough highy diagnostic for this mutant class, appears 1o
be a secondary phenotype.
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biogenesis, fally acids are synthesized in the plastid and are exported to
the endoplasmic reficulum, where they are incorporated into membrane
lipids. Altematively, lipids can also be assembled de novo at the inner
envelope membrane of plastids in many plants. A rich repertoire of lipid
exchange mechanisms invalving the thylakoid membranes, the chioroplast
inner and outer envelope membranes, and the endoplasmic reticulum is
emerging. Studies of thylakoid biogenesis provide new insights into the
general mechanisms of intermembrane lipid transfer.
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l:lntad sltes (Figure 3a,b) that give rise to a plastid-associated
microsome fraction (PLAM) with classically ER-associaled enzymatic
activities (Kjellberg et al. 2000). These contact sites have recently been
visualized, and the strength of interaction between the two membrane
sysiems has been determined using optical tweezers (Andersson et al.
2007).
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The complexity and redundancy of thylakoid lipid biosynthesis as depicted
in Figure 3b clearly invokes lipid transport processes that must shuttle
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process, and a current model depicting the location and possible function
of these proteins is shown in Figure 4. In addition to the already
mentioned afsT mutant disrupted in the plastid pathway of galactolipid
. mutants of were identified that clearly meet
phenotypic mlena for a disruption in the ER pathway of thylakoid lipid
hlusymhesls These are the tgn‘mmams named aﬁer
ids, for example, (TGDG;
see Figure 1), accumulating in their tissues (Awai et al. 2006; Lu et al_
2007; Xu et al. 2003, 2005, 2008a). The oligogalactoglycerolipids
produced in the tgd mutants are structurally different from the typical
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