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Colors in 
Nature

2
Colors in Nature - Albatros Books

https://www.albatrosbooks.com/book/natures-wonderful-colours/


Compounds or Structural
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Compounds or Structural
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Pigments in Nature 1

5
Porphyrins : the Colors of Life – PhysicsOpenLab

Melanins
heteropolymers

Mg2

+
Fe2

+

Porphyrin 
core

Anthocyanins
Flavonoids 
glycosides

https://physicsopenlab.org/2016/07/04/porphyrins-the-colors-of-life/


Pigments in Nature 2
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QY
G

RCSB PDB - CRQ 
Ligand 

Pterin-based pigmentation in animals | Biology Letters

Pteridine
s

Carotenoid
s

Stony coral
Acropora 
millepora

https://www.rcsb.org/ligand/CRQ
https://www.rcsb.org/ligand/CRQ
https://royalsocietypublishing.org/doi/10.1098/rsbl.2021.0221


How Pigments were Synthesized?

7

QY
G

RCSB PDB - CRQ 
Ligand 

Carotenoid
s

Stony coral
Acropora 
millepora

A

E. coli
+ crtEB
= 
carotenoids

B

+ crtL
= 
Lycopene

C

+ crtY
= 
beta-Carotene

D

+ crtZ
= 
Zeaxanthin

X

+ crtW
= 
Astaxanthin

https://www.rcsb.org/ligand/CRQ
https://www.rcsb.org/ligand/CRQ


Photochemistry and Colors

8

Jablonski 
Diagram

Light and Colour 
Perception or Why 
are Leaves Green?

R

Reported Phosphorescent 
Proteins
mostly by chemical conjugation

https://bensimonds.com/2013/05/30/light-and-colour-perception-or-why-are-leaves-green/
https://bensimonds.com/2013/05/30/light-and-colour-perception-or-why-are-leaves-green/
https://bensimonds.com/2013/05/30/light-and-colour-perception-or-why-are-leaves-green/


Jablonski 
Diagram

Photochemistry and Colors
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Bioluminescenc
e

Nobel Lecture by Osamu Shimomura

BioFluorescenc
e

avGF
P

https://www.nobelprize.org/uploads/2018/06/shimomura_lecture.pdf


10Nobel Lecture by Roger Y. Tsien

https://www.tsienlab.ucsd.edu/Publications/Tsien%202009%20-%20Les%20Prix%20Nobel%20Lecture.pdf


Structure of Green Fluorescent Protein
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ZEISS Microscopy Online Campus | 
Introduction to Fluorescent Proteins

https://zeiss-campus.magnet.fsu.edu/print/probes/fpintroduction-print.html
https://zeiss-campus.magnet.fsu.edu/print/probes/fpintroduction-print.html


Autocatalysis to Generate 
Chromophore
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Tyr6
6

Gly6
7

Ser6
5

Require 
O2

Most Engineering 
were conducted 
at the core part



FluorescentProtein
s ChromoProteins

13The molecular properties and applications of Anthozoa fluorescent 
proteins and chromoproteins | Nature Biotechnology

Colored Proteins Act as Biocolorants 
in Escherichia coli

https://www.nature.com/articles/nbt943
https://www.nature.com/articles/nbt943
https://www.mdpi.com/1420-3049/30/3/432
https://www.mdpi.com/1420-3049/30/3/432


Structure Similarity | Overall Structure
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(IUCr) Over the rainbow: structural characterization of the 
chromoproteins gfasPurple, amilCP, spisPink and eforRed

https://journals.iucr.org/d/issues/2022/05/00/jb5043/index.html
https://journals.iucr.org/d/issues/2022/05/00/jb5043/index.html


Structure Similarity | Core 
Chromophore
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gfasPurpl
e

amilCP

eforRe
d

spilPin
k



Core chromophore engineering
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Directed molecular evolution to design advanced red 
fluorescent proteins | Nature Methods

https://www.nature.com/articles/nmeth.1776
https://www.nature.com/articles/nmeth.1776


Engineering core protein structure 
beyond chromophore

17
A palette of bright and photostable monomeric fluorescent 
proteins for bacterial time-lapse imaging | Science Advances

https://www.science.org/doi/10.1126/sciadv.ads6201
https://www.science.org/doi/10.1126/sciadv.ads6201


ChromoProteins Engineering
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Colored Proteins Act as Biocolorants 
in Escherichia coli

Overcoming chromoprotein limitations by engineering a 
red fluorescent protein - ScienceDirect

https://www.mdpi.com/1420-3049/30/3/432
https://www.mdpi.com/1420-3049/30/3/432
https://www.sciencedirect.com/science/article/pii/S0003269720304681
https://www.sciencedirect.com/science/article/pii/S0003269720304681


Engineering at Oligomerizability
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Overcoming chromoprotein limitations by 
engineering a red fluorescent protein - 
ScienceDirect

- Toxicity Reduction
- Appropriate 
Localization

https://www.sciencedirect.com/science/article/pii/S0003269720304681
https://www.sciencedirect.com/science/article/pii/S0003269720304681
https://www.sciencedirect.com/science/article/pii/S0003269720304681


A collection of fluorescent and 
chromoproteins curated by the HTGAA 
team
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Color Mixing
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Give it a try here~~~
https://ginkgoartworks.com/

Thanks to Ronan for the great 
set-up!!!

https://ginkgoartworks.com/

