
Emidio Capriotti 
http://biofold.org/

Department of Pharmacy and  
Biotechnology (FaBiT) 
University of Bologna

Biological Systems
  

Elements of Biophysics

http://bass.uib.es/emidio


Signal Transduction
In signal transduction, an external signal (light, or odor, or taste) is converted into 
a neurological signal that can be interpreted by the brain. 

Transduction processes occur in certain cellular 
membranes and involve protein complexes that are 
able to transform the signal with great sensitivity and 
specificity. 

The detection of light in vision, the retina contains 
millions of neurons inner and  outer compartments.  
• The outer compartment of a retinal rod cell contains 

stacks of discs, which are densely packed with the 
receptor for light, rhodopsin. 

• The inner compartment generates ATP to power the 
transduction process and also synthesizes the 
necessary proteins.

Vision is one of the many signal-transduction processes in the
body. In signal transduction, a signal in the form of light, or
odor, or taste, is converted into a neurological signal that can
be interpreted by the brain. Transduction processes occur in
certain cellular membranes and involve protein complexes that
are able to transform the signal with great sensitivity and
specificity. The detection of light in vision occurs in the eye
of vertebrates. The light is focused on to two types of light-
sensing cells: rods, which sense low levels of light but cannot
discriminate colors, and cones, which are less sensitive but are
reactive to certain colors. Each human retina contains millions
of these rods and cones, which individually are long, narrow
neurons with an inner and an outer compartment (Figure 17.1).
The outer compartment of a retinal rod cell contains stacks
of discs, which are densely packed with the receptor for light,
rhodopsin. The inner compartment generates ATP to power
the transduction process and also synthesizes the necessary
proteins. The plasma membrane contains proteins called ion
channels (see Chapter 18), which control the flow of ions
across the membrane. Sodium ions can flow rapidly through
these channels in the dark but light blocks the channels. 
The decrease in the flow of sodium ions causes the plasma
membrane to become more negative in the inside, or hyper-
polarized. The change in membrane potential is sensed by the
synapse and conveyed as a signal to the brain (Figure 17.2).

BIOCHEMICAL PATHWAY FOR VISUAL RESPONSE

The visual process can be divided into four steps: recognition, conversion,
amplification, and processing. The recognition step in vision is unusual for
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Figure 17.1 A schematic diagram
of a retinal rod cell, with a width
of approximately 1 µm and a
length of about 40 µm.
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Biological Pathway
The visual process can be decided in four steps: recognition, conversion, 
amplification, and processing. 

• Recognition: absorption of light by a pigment buried inside of a protein 
called rhodopsin 

• Conversion: structural change of the protein and an associated 
molecule in response to light absorption. 

• Amplification and processing: the signal is amplified to be processed 
into a change in membrane potential and consequently a signal to the 
brain.



Molecular mechanism
The excitation of Rhodopsin leads to 
a conformational change which 
facilitates binding of the protein 
transducin.

Upon binding, transducin undergoes 
to a modification that results in the 
exchange of transducin-bound GDP 
for GTP. 

The α subunit of transducin bound 
with GTP activating an enzymatic  
conversion from GTP to GMP.

biological signal transduction as it involves the
absorption of light by a pigment buried inside of
a protein called rhodopsin rather than the bind-
ing of a signal molecule to a protein receptor, as
found in other signal-transduction processes. After
recognition, there is a signal conversion, which
requires a structural change of the protein and 
an associated molecule called retinal in response
to light absorption. Once the signal has activated
rhodopsin, it is amplified by many orders of magni-
tude, allowing the signal to be processed into a
change in membrane potential and consequently
a signal to the brain.

On a biological level, these four steps are
achieved by coupling the action of rhodopsin to a G-protein cascade (where
G-protein is short for guanine nucleotide-binding regulatory protein;
Figure 17.3). Rhodopsin is located largely in the plasma membrane, 
and has an extramembraneous domain. Excitation of retinal leads to a
conformational change of the rhodopsin, which facilitates binding of the 
protein transducin. Upon binding, transducin undergoes a change that
results in the exchange of bound guanosine 5′-diphosphate (GDP) with
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Figure 17.2 Light-induced hyperpolarization
of a retinal rod cell.
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Figure 17.3 A schematic illustration of the coupling of rhodopsin in the G-protein cascade process.
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Finally the rhodopsin returns to the original state with the incorporation of retinal after the 
regeneration of cis-retinal by a retinal isomerase 



The Bovine Rhodopsin 
The Bovine Rhodopsin structure (1F88) was crystallized at 2.8 Å.



Rhodopsin structure
The structure is a dimer each monomer with 7 helices in the transmembrane region.



Structural information
This sequence shows the presence of seven long stretches of hydrophobic 
amino acid residues connected by short segments of hydrophilic residues. 
The hydrophobic regions form the transmembrane helices.



Important residues
Retinal is bound to rhodopsin through a protonated Schiff-base linkage, which 
is formed when the aldehyde group of retinal binds with the amino group of  
Lys296 in a hydrolysis reaction. 

of Lys 296 in a hydrolysis reaction (Figure 17.5). The formation of the
Schiff base shifts the wavelength maximum from 380 to 500 nm and 
produces a highly conjugated and strongly absorbing cofactor with an
extinction coefficient of 40,000 mol−1 cm−1.

Due to the presence of the retinal, rhodopsin could be charac-
terized by transient optical spectroscopy. In addition, the timing
problem of spectroscopic studies of many enzymes, that is the diffi-
culty in poising all of the enzymes in the same state, was easily
overcome as an incident light pulse could be used to initialize the
energy conversion. These studies showed that before the actual 
isomerization occurred, the protein changes into a number of inter-
mediate states. These states were originally identified as optical 
states and so are named according to the respective wavelength
maximum (Figure 17.6). Later these optical states were identified
in terms of changes in the molecular configurations. The first state,
bathorhodopsin, is formed in a few picoseconds and then converts
to a series of other states on timescales ranging from nanoseconds
to milliseconds until the all-trans-retinal is formed. The observed
changes in the optical spectra cannot be predicted based upon a
simple particle-in-a-box model (Chapter 10) as the length of the
chromophore does not change. Rather, the optical shifts can be
understood only in terms of detailed molecular models that show
changes in the energy of the ground state of the retinal, arising 
from alteration of the relative position of the electron orbitals for
the carbon atoms as the bond rotates in the isomerization.

BACTERIORHODOPSIN

The biochemical characterization of rhodopsin proceeded slowly due
to the limited stability of the isolated protein and the irreversibil-
ity of the photoreaction. Therefore, much of the research in this
area was centered on another related protein, bacteriorhodopsin.
Bacteriorhodopsin is found in the bacterium Halobacterium halobium,
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Figure 17.5 Upon light excitation, retinal is converted from a cis to trans isomer.
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Figure 17.6 The photocycle
of rhodopsin showing 
the presence of many
intermediate states before 
the formation of the 
all-trans-retinal.
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Comparison of Rhodopsins 

Members of the rhodopsin family are found in all three domains of life, the 
Archaea, Eubacteria, and Eukaryota. 

Rhodopsin and bacteriorhodopsin is consistent with the concept that all opsins 
have similar folds with seven transmembrane helices. 

Despite the structural homology, the different opsins have significantly different 
functions. Rhodopsin serves as a G-coupled protein whereas bacteriorhodopsin 
serves as ion transporter. 



The Bacterial Rhodopsin 
The structure of a Bacterial Rhodopsin (1FBB) was obtained by 

Electron Microscopy at 3.2 Å resolution.



Important residues
The deprotonation process which involves the displacement of the Schiff-base can 
be explained by the conformational changes of Lys216 and Asp85. 

Lys216

Asp85Lys216



Sequence Alignment
The sequences of the Bacterial and Bovine Rhodopsin align with a percentage 
of identity of 22.9%.



Structure Alignment
The structures of the Bacterial and Bovine Rhodopsin align structurally 
with a RMSD of 3.97 Å.



Functional Genomics
Functional genomics is a field of molecular biology that attempts to 
describe gene and protein functions and interactions. 

Focusing on proteins, how can we assign the function to a new protein?
Experimental techniques are expensive and time consuming.

In silico strategies for the comparison between new proteins and proteins 
with known functions are needed.

What should we compare?

• Sequences: Amino acid composition of proteins
• Structures: when available secondary or tertiary structures of the proteins


