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Color Vision in Mantis Shrimp

Molecular understanding of color vision in stomatopod crustaceans
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In Short

• Unraveling conformational changes of rhodopsin
during retinal cis-trans isomerization using molec-
ular dynamics (MD) simulations

• Exploring the color tuning mechanism of animal
opsins using MD simulations and hybrid quantum
mechanics / molecular mechanics (QM/MM) simu-
lations

• Predicting key factors for color tuning using MD
simulations and hybrid QM/MM simulations

The perception of color in animals plays a vital
role in recognizing and identifying objects, achieved
through the absorption of light by photoreceptors.
These photoreceptors are membrane proteins with
seven transmembrane helices known as opsins.
Rhodopsin, the complex formed by opsin and 11-
cis retinal as a chromophore via Schiff base with a
lysine amino acid, is responsible for enabling ani-
mal vision. The protonated form of retinal carries
a positive charge that is stabilized by electrostatic
interaction with a negatively charged amino acid, re-
ferred to as a counterion. Animal rhodopsins belong
the largest subfamily of G protein-coupled receptors
(GPCRs).[1] Upon photon absorption, the isomeriza-
tion of 11-cis retinal to all-trans retinal (Figure 1A)
triggers structural changes in the protein, leading
to the binding of G proteins on the intracellular side
and subsequent downstream signaling.

Stomatopod crustaceans (mantis shrimp) serve
as interesting organisms for studying animal vision
due to their ability to detect a broad range of light
wavelengths, including ultraviolet and far-red light,
which goes far beyond the human vision, as well
as polarization vision.[2] Recent studies on stomato-
pod rhodopsins, utilizing a combination of transcrip-
tome and complementary DNA sequencing tech-
niques, have unveiled the existence of over 30 dis-
tinct rhodopsins in the stomatopod’s eye.[3] These
rhodopsins are expressed at varying levels and dis-
tributed across different locations. Each rhodopsin
exhibits a specific maximum light absorption and
can be broadly categorized into three phylogenic
groups based on the absorption properties: short-,

middle-, and long-wavelength sensitive. The differ-
ences in light absorption can be attributed to evo-
lutionary pressures, resulting in variations in amino
acid compositions within the chromophore binding
pocket. These differences contribute to the distinct
wavelengths observed in different rhodopsins.

In our current project, we will focus on study-
ing the structural rearrangement of proteins influ-
enced by retinal cis-trans isomerization in various
rhodopsins of stomatopod, employing multiple mi-
crosecond molecular dynamics (MD) simulations
(Figure 1B,C). MD simulations are powerful meth-
ods for investigating the thermodynamic properties
of proteins in atomic detail, considering the pres-
ence of lipids, ions, and solvents. By combining MD
simulations and hybrid quantum mechanics / molec-
ular mechanics (QM/MM) simulations with vertical
excitation energy calculations, we aim to enhance
our understanding of color vision. By comparing
our computational studies with experimental muta-
tion and spectroscopic data, we aim to uncover the
key determinants of specific wavelengths and further
advance our understanding of color vision.
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Figure 1: Molecular dynamics simulations of stomatopod rhodopsin. A) Light-induced retinal isomerization from 11-cis to all-
trans retinal in animal rhodopsin. B) The model of stomatopod opsin, generated using AlphaFold2 [4], is visualized in a cartoon
representation, and it is displayed together with the bound 11-cis retinal depicted as a grey stick model. The opsin model is
color-mapped with per-residue confidence scores. C) System setup of stomatopod rhodopsin for molecular dynamics simulations.
The rhodopsin structure is visualized as a red cartoon representation. 11-cis retinal is displayed as a grey sphere model. The lipid
molecules are depicted as orange sticks. Water molecules are represented by red sticks. Sodium and chloride ions are shown as
yellow and green spheres, respectively.
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