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Introduction

Photosynthesis: Converting sunlight energy into chemical energy
(ATP and glucose).

Overall process: 6H,0 + 6CO, ---------- > CgH,,04+ 60,

Process takes place in two phases:

1. light reactions: ATP, NADPH and O,

1. dark reactions: Carbohydrates (Glucose/starch)

Photosynthesis takes place in organelles called chloroplasts.
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Chloroplast * | Grana2 Computerized model of Grana 2

[1] Addison Wesley Longman, 1999 “Structures of the Plant Cell”
[2] Mustardy, L. and Garab, G. (2003)Trends in Plant Science 8 (3)




Background

Energy transfer is a very fast process with an efficiency of 95%.

Research has been performed on LHC's, the reason for such high
efficiency is still a mystery.

To interpret and understand the spectroscopic and dynamic data,
atomic-scale structural information is needed.
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Objectives

Synthesize artificial functional light harvesting arrays and energy
transfer systems.

Investigate the dynamics of energy transfer.

Isolation, purification and characterisation of the photosynthetic
pigment-protein complexes.

Understand the dynamics of these processes.
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Chlorophyll and Accessory Pigments
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Fig 1a: Chemical structure of chlorophyll a and b Fig 1b: Absorption spectra of photosynthetic pigmets

Chlorophyll b

Koning, Ross E. 1994
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Photosystems and Light Harvesting Complexes

LHC’s and the RC: Photosynthetic pigments that are non-covalently
bound to proteins forming pigment-protein complexes.

Function of LHC’s is to gather light and transfer it to the RC'’s.
LHC's together with the RC’s are packed into Photosystems (I and II).

They are linked via an electron transport chain.
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Photosystem | and Photosystem ||
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Energy Transfer

Chl

RC
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Energy Diagram

M. Rahman, 2006
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Experimental Procedure

Extraction and purification of light
harvesting complexes

(Krupa et al, 1987).
Characterisation :

1. SDS-PAGE

2. Absorption Spectrum

3. Circular Dichroism Spectroscopy

4. Thin Layer Chromatography
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SDS- PAGE

Gel Electrophoresis: Separates
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Absorption Spectrum of LHC Il
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Circular Dichroism Spectroscopy

CD: Difference in absorption between
left and right hand circularly polarised .
light.

Arises: Certain asymmetries
(chirality) of the structure.

Provides: Molecular organisation of
the antenna system.

PS Il particle’s (LHC’s) readily
assemble into chiral macro-
aggregates.

Computerized model of Grana 2

Long range chirality = long-distance
migration of energy.

Page 16 © CSIR 2008 WWW.CSir.co.za



Circular Dichroism Spectroscopy Cont...

Fig 3a. Unstacked, disordered lamellar aggregates.

Simidjiev, 1997
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TLC : Pigment Extraction And Classification

Extraction: Chlorophylls and

Carotenes are non- carotenes
polar.

TLC: Determine what

compounds are present and |
how many. pheophytin B
chlorophyll A

o hiorophyll B
More affinity for solvent = more =~ >'Y

distance travelled up the plate. xanthophylls
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Pump-probe Spectroscopy

Absorbance changes spectra of LHC Il

Absorption changes (a.u)
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Future Work

Designing and developing artificial light harvesting and
energy transfer systems.

Characterising these systems.
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