
Background 

• Light harvesting complexes exist to facilitate and 
maximize the absorption capacity of the reaction 
centers (RC) as well as PSI and PSII 

• Purple bacteria utilize these functions by having 
an LH1 complex serving as a primary complex and 
a peripheral LH2 and LH3 complex 
– As such, LH1 and RC are in stoichiometric equivalence 

and LH2 and LH3 are expressed as needed for the 
circumstances 

– LH1, LH2 and LH3 absorb photons shuttle excitons to 
the RC 



It’s really this simple…. 
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Apoprotein Structure 
 LH2 is a nonomeric 

symmetrical assembly of 
alpha-beta apoproteins, 
with alpha helical 
secondary structure, 
noncovalently binding 
prosthetic groups 

 Oligomerize into 
concentric circles: alpha 
on the inside, 
perpendicular to the 
membrane normal, and 
beta on the outside, tilted 
roughly 15 degrees to the 
alpha plane 

Alpha a-helices 

here inside 

Beta a-helices outside 

(~15 degree tilt) 

Alpha Helices here, 
perpendicular to 
Membrane plane 



LH2 Molecule 

• The alpha-beta subunits of LH2 is 
composed of two TM alpha 
helices, noncovalently bound, 
each with unique characteristics 

• Beta apoprotein has 41 residues, 
all shown, while apha has 53 
residues, 49 of which are shown 
– Remaining alpha residues shown are 

on C-terminus and are –K-K-A-A 
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fifth position… 

A-A-K-K- 



LH2’s 2’ structure reflected in amino acids 

• One can look at the amino acid 
sequnces to deduce at least 
some level of structural detail 

• What amino acids would you 
expect in the kinks of the beta 
helix? 

• What kinds of amino acids 
should coordinate pigments? 

This is roughly 

 where alpha-12 

Starts.  Note the 

proline, is this an essential residue? 



Tertiary structure 

 Interestingly, the N and C 
termini of the helices are 
exposed to the aqueous 
environment and must H-
bond the hydrophilic side 
residues of the interior 

 With regards to the alpha 
helix, it’s turns coordinate 
oligomerization and 
pigment binding 

H-bonding  

interactions 

between  

hydrophilic 

side chains 

Bchl a 

Alpha N-formyl Met 



Membrane Interaction 

 The LH2 complex forms a ring, 
and as such gives way to a 12 A 
cylindrical enclosure 

 Lipids are inside, but a single 
alpha helix could have fit…  
Why not? 
 Hydrophobic interactions 

between alpha helices and core 

 The outside is made of largely 
hydrophobic beta apoproteins, 
which lack protruding side 
chain anchors 
 Lots of cofactors are present, 

which dominate over lipid-protein 
interaction  

LH2’s Hole… 

12 
Angstrom

s 



Protein-Protein Interactions 

 Pigment distribution important 
for protein-protein as well as 
protein-pigments interactions 

 H-bonding interactions observed 
at cytosolic and periplasmic faces 
between proteins and pigments 

 Alpha-Y-Bchl a does double duty 
with oligomer contact and Bchl a 
coordination 

 Beta transmembrane helices 
don’t touch: pigments form 
lining bewteen them 

 Alpha helices do form contacts of 
hydrophobic nature 

Here, interactions between  

two alpha chains may be discerned. 

They are mostly hydrophobic 

 

Spheres indicate Van der Waals 

Interactions while yellow and  

Green spheres are pigments 

 



Pigment Coordination 
 Bchl a molecules posses two 

main interactions with 
protein 

 Coordination of Mg++ ion, 
and an H-bond to C-3 acytl 
group on ring a 

 Protein donor residue for 
Mg++: B850 is His residue 
and for B800 is alpha Met-1 

 For C-3 acetyl: B850 is alpha-
W45/Y44 and B800 is beta-
R20 

B850:Alpha-W45/Y44 

B800: Beta-R20 

B850: His 

B800: alpha-Met-1 



Pigment Contacts cntd. 



Coordination Effects 

 Because Bchl a has two 
transition dipoles, Qx and Qy, 
two absorption spectra result 

 The conjugated pie system is 
susceptible to distortion, and 
ultimately changes in 
wavelength absorption which 
accompany this 

 Thus, the local protein 
environment determines the 
absorptive properties of the 
pigments 
 Generally arise from axial ligand 

and peripheral contact 
coordination 

Mg++ is penta-coordinated.   Which side this coordination 

Is on depends on the protein environment.  If on one side 

of the plane, then the B800 species results.  The other side  

produces B850 



Coordination 
• The alpha-B800 species is 

slightly domed while the 
alpha-B850 species is roughly 
planar C-3 acetyl 
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Background 

 LH3 is a lot like LH2 in structure, with a few minor differences (a few 
AA’s) 

 It is from a different gene than LH2…Why?  It seems alternative 
splicing could do this job quite well, as well as other post 
transcriptional modifications… 

 It’s expressed in stressful conditions (low illumination/temperature) 
when different wavelength light needs to be absorbed and maximized 
 It follows these different wavelengths of light can be attributed to different 

structures.  Thus, the crystal structure can help explain functional differences 
 The differences arise in primary structure, while secondary structure is more or 

less the same 
 Thought to be differences in H-bonding patterns on C-3 acetyl position of Bchl a 



Physics 

 To change the wavelength of 
light absorbed, the quanta of 
the atom(s), or electronic 
structure, must change in 
energy 

 What is being changed in the 
structure ultimately results 
from intermolecular bonding, 
as pigment-protein 
interactions are noncovalent 

 It follows that these differing 
noncovalent interactions result 
in the change of the atomic 
quanta, allowing different 
wavelength light to be 
absorbed 

Emmision Spectra 
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Absorptive properties 

 Bchl a is asymmetric and has 
two transition dipoles on a pie 
conjugated plane 

 Qy is lower energy (higher 
wavelength) and is influenced 
by the local environment 

 Because Bchl a is used in 
multiple harvesting complexes, 
and in each one has a range of 
spectra, It follows that it’s 
coordination determines its 
absorptive properties 

 LH3 absorbs at 800 and 820 nm 



Structural Differences in LH3 

 As mentioned, the 
differences in LH3 ( when 
compared to LH2) arise in 
primary structural 
differences 

 The most notable 
differences are in Bchl a C-3 
acetyl group binding 
proteins on alpha-W44/Y45, 
which have been changed to 
F and L respectively 
 Mutagenesis confirmed this, as 

an 850->820 shift was seen 
after F/L replacement 

 
 

LH2 Alpha W45/Y44 

changed to 

Non-H-bonding 

F44/L45 in LH3  



Structure determination of LH3 

• During crystallization, 
hard to separate LH2 
and LH3 

– Beta-Glu-7 and Beta-K-7 
are involved in crystal 
contacts and lack NCS 
contraint.  This results in 
abnormally high B-factor 

– Overall B factor less than 
we would prefer 





Results: comparison of LH2 and LH3 

• LH3 also nonameric, but 
differs in pigment 
coordination 

• LH2 and LH3 nearly 
identical at secondary 
structural level 

• Pigments also close but 
deviate in phytyl chain 

Superimposition of LH2 and LH3 

Changes in H-bonding patterns can be seen here 

With respect to C-3 acetyl group, among others… 



Pigment Comparison 

2.46 for 

LH2 B800 



Other Differences 

• LH3 contains rhodopinal 
glucoside, a modified 
form of rhodopin 
glucoside which is 
present in LH2 

• The difference in both is 
the 3rd of 4th methyl 
group (chemically 
equivalent) on rhodopin 
which is replaced by a 
keto group in rhodopinal 

 

Rhodopin  




