Scientific Paper:
New Phytologist 167, 761-776, 2005

Gradients of lipid storage, photosynthesis and plastid
differentiation in developing soybean seeds
Ljudmilla Borisjuk1, Thuy Ha Nguyen1, Thomas Neuberger2, Twan Rutten1, Henning Tschiersch3, Berhard
Claus1, Ivo Feussner4, Andrew G. Webb5, Peter Jakob2, Hans Weber1, Ulrich Wobus1 and Hardy
Rolletschek1
1

Institut für Pflanzengenetik und Kulturpflanzenforschung (IPK), Corrensstr. 3, 06466 Gatersleben,
Germany
2
University of Würzburg, Physikalisches Institut, EP 5, Am Hubland, 97074 Würzburg, Germany
3
PlantAnalytics GmbH, Corrensstr. 3, 06466 Gatersleben, Germany
4
Georg-August–Universität Göttingen, Albrecht-von-Haller-Institute of Plant Sciences, Department of
Plant Biochemistry, Justus-von-Liebig-Weg 11, 37077 Göttingen, Germany
5
Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, 1406
W. Green Street, Urbana, IL 61801, USA
Abstract:
This study establishes a topographical framework for functional investigations on the regulation of lipid
biosynthesis and its interaction with embryo photosynthesis in developing soybean seed. Structural
observations, combined with molecular and functional parameters, revealed the gradual transformation
of chloroplasts into storage organelles, starting from inner regions going outwards. This is evidenced by
electron microscopy, confocal laser scanning microscopy, in situ hybridization and
histochemical/biochemical data. As a consequence of plastid differentiation, photosynthesis becomes
distributed along a gradient within the developing embryo. Electron transport rate, effective quantum
yield and O2 production rate are maximal in the embryo periphery, as documented by imaging pulseamplitude-modulated fluorescence and O2 release via microsensors. The gradual loss of photosynthetic
capacity was accompanied by a similarly gradual accumulation of starch and lipids. Non-invasive
nuclear magnetic resonance spectroscopy of mature seeds revealed steep gradients in lipid deposition,
with the highest concentrations in inner regions. The inverse relationship between photosynthesis and
lipid biosynthesis argues against a direct metabolic involvement of photosynthesis in lipid biosynthesis
during the late storage stage, but points to a role for photosynthetic oxygen release. This hypothesis is
verified in a companion paper.
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