
Electromagnetic spectrum



Light absorption and emission by 

chlorophyll











Red drop effect



Enhancement effect



2D view of the LHCII antenna complex from higher plants, determined by 

a combination of EM and electron crystallography. The antenna complex 

is a transmembrane pigment protein, with 3 helical regions that cross the 

nonpolar part of the membrane. Approximately 15 chlorophyll a and b 

molecules are associated with the complex, as well as several 

carotenoids. Two of the carotenoids form an X in the middle of the 

complex. In the membrane, the complex is trimeric and aggregates 

around the periphery of the PSII 



• In all eukaryotic photosynthetic organisms that contain 
both chlorophyll a and chlorophyll b, the most abundant 
antenna proteins are members of a large family of 
structurally related proteins. 

• Some of these proteins are associated primarily with 
photosystem II and are called light-harvesting complex II 
(LHCII) proteins; 

• others are associated with photosystem I and are called 
LHCI proteins. 

• These antenna complexes are also known as chlorophyll 
a/b antenna proteins  

• The structure of one of the LHCII proteins has been 
determined by a combination of electron microscopy and 
electron crystallography. The protein contains three a-
helical regions and binds about 15 chlorophyll a and b 
molecules, as well as a few carotenoids. Only some of 
these pigments are visible in the resolved structure. 

• The structure of the LHCI proteins has not yet been 
determined but is probably similar to that of the LHCII 
proteins. All of these proteins have significant sequence 
similarity and are almost certainly descendants of a 
common ancestral protein  



Funneling of the excitation from the antenna 

system towards the reaction centre









Detailed Z scheme for oxygen

evolving photosynthetic organisms



• The excited PSII reaction center chlorophyll, P680*, transfers an 
electron to pheophytin (Pheo). 

• On the oxidizing side of PSII (to the left of the arrow joining P680 with 
P680*), P680 oxidized by light is re-reduced by Yz that has received 
electrons from oxidation of water. 

• On the reducing side of PSII (to the right of the arrow joining P680 with 
P680*), pheophytin transfers electrons to theacceptors QA and QB, 
which are plastoquinones. 

• The cytochrome bf complex transfers electrons to plastocyanin (PC), a 
soluble protein, which in turn reduces P700 (oxidized P700). 

• The acceptor of electrons from P700* (A0) is thought to be a 
chlorophyll, and the next acceptor (A1) is a quinone. 

• A series of membrane-bound iron–sulfur proteins (FeSX, FeSA, and 
FeSB) transfers electrons to soluble ferredoxin (Fd). 

• The soluble flavoprotein ferredoxin–NADP reductase (FNR) reduces 
NADP+ to NADPH, which is used in the Calvin cycle to reduce CO2

• There is cyclic electron flow around PSI, generating ATP



Mechanism of electron and proton transfer in the 

cytochrome b6f complex



Structure of dimeric multisubunit protein supercomplex of photosystem II 

from higher plants, as determined by electron microscopy. The figure 

shows two complete reaction centers, each of which is a dimeric complex. 

(A) Helical arrangement of the D1 and D2 (red) and CP43 and CP47 (green) 

core subunits. (B) View from the lumenal side of the supercomplex, 

including additional antenna complexes, LHCII, CP26 and CP29, and 

extrinsic oxygen-evolving complex, shown as orange and yellow circles. 

Unassigned helices are shown in gray. (C) Side view of the complex 

illustrating the arrangement of the extrinsic proteins of the OEC-evolving 

complex.



Model of the S state cycle of 

oxygen evolution in PSII.



Structure of PSI





Experiment of Jagendorf and 

coworkers



Structure of ATP synthase





























CO2 Concentrating mechanisms























Transport of organic solutes





Mature sieve tube element







3 different types of companion cells

• Ordinary companion   have 

chloroplasts with well-

developed thylakoids and a 

cell wall with a smooth inner 

surface. 

• Few plasmodesmata connect 

this type of companion cell to 

any of the surrounding cells 

except its own sieve element.



• Transfer cells are similar to 

ordinary companion cells, 

except for the development of 

fingerlike wall ingrowths, 

particularly on the cell walls 

that face away from the sieve 

element

• the ordinary companion cell 

and the transfer cell are 

specialized for taking up 

solutes from the apoplast or 

cell wall space. 



• Intermediary cells appear 

well suited for taking up 

solutes via cytoplasmic 

connections. Intermediary 

cells have numerous 

plasmodesmata 

connecting them to 

surrounding cells, 

particularly to the bundle 

sheath cells. 

















Autoradiographs of a leaf of summer squash

(Cucurbita pepo), showing the transition of the leaf from 

sink to source status.















Schematic diagram of pathways of phloem

loading in source leaves











Pressure-flow model of translocation in 

the phloem. 











the fate of carbon in plants










