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Colors in
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Yellow smiles like a sonffotoer in bloom.
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Colors in Nature - Albatros Books
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https://www.albatrosbooks.com/book/natures-wonderful-colours/
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The Chemistry of Autumn Leaf Colours

Chlorophyll

Mg =magnesium

KEY: @ Carbon @ Oxygen ) Nitrogen - Hydrogen

Chlorophyll gives plant leaves their green
colour. Plants require warm temperatures and
sunlight to produce chlorophylL. In autumn,
the amount produced begins to decrease and

Carotenoids and flavonoids

Lutein (a carotenoid)

Carotenoids and flavonoid pigments are always
presentin leaves, butas chlorophylLis broken
down in the autumn their colours come to the
fore. Xanthophylls, a subclass of carotenoids,

are responsible for the yellows of autumn

leaves. Amajor xanthophyll, lutein, is also the

compound that contributes towards the yellow

colour of eggyolks.

Carotenoids

p-carotene (a carotenold)

Carotenoids also contribute orange colours.
Beta-carotene is one of the most common
carotenoids in plants, and absorbs green and
blue light strongly, reflecting red and yellow
lightand causing its orange appearance. Itis
also responsible for the colour of carrots.
Carotenoids in leaves start degrading at the
same time as chlorophyll, but they do so ata
much slower rate. Some fallen leaves can still
contain measurable amounts

Compounds or Structural

COMPOUND
INTEREST

Anthocyanins & carotenoids

Anthocyanin

R=variable parts of molecule

Anthocyanin synthesis is kick-started by the
onset of autumn. As sugar concentration in the
leaves increases, sunlight initiates anthocyanin

production. The purpose anthocyanins serve
isn't clear, but it is suggested that they may play

a light-protective role. It was thought they might
delay leaf fall, but this has been discounted.

Flavonol
Flavone

Generalstructures shown

existing chlorophylLis slowly broken down,
diminishing the green colour of the leaves.

WOMMWW

Violaxanthin (a carotenoid) Lycopene (a carotenoid)

www.compoundchem.com

© Andy Brunning/Compound Interest 2023 | Creative Commons Attribution-NonCommercial-NoDerivatives licence. @ 0 3 e
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Porphyrins : the Colors ofife — IghvsicsODenLab



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

Stony coral
Acropora

millepora
RCSB PDB - CRQ

() sepiapterin () xanthopterin @) erythropterin @ nterorhodin

Pterin-based pigmentation in animals | Biology Letters



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

How Pigments were Synthesize )\ o
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https://www.rcsb.org/ligand/CRQ
https://www.rcsb.org/ligand/CRQ

Photochemistry and Colors
Jablonskl

Chlorophyll Absorbance Spectrum

500 600
Wavelength (nm)

Reflectance Spectrum

S
|

,_
j
|

»—ACQ
W

HER
Fluorescence

106-10°%

Absorbance

1051015 -

o
&
|

|

|

|

]

|

|

|

|

|

|

|

1

|

|

|

|

|

|

|

|
T
W

o

=
|
|
|
1
|

nn n n
I
I
I
1

=
o
=
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Lanmodulin Phosphorescent protein


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/

Photochemistry and Colors
Jablonski
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Nobel Lecture by Osamu Shimomura



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

The 2004 palette of nonoligomerizing fluorescent proteins
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Douglas Prasher & Virginia
Eckenrode (WHOI)

Roger Heim, And bitt
S. James Remington (U. Or.)

CAMP imaging
Stephen Adams
Susan Taylor (UCSD)
Tullio Pozzan (Padova)
Jin Zhang

YFP
FRET sensors

Atsushi Miyawaki
Varda Lev-Ram, Alice Ting

Osamu Shimomura Martin Chalfie Roger Y. Tsien ' , Sectiey Baied, Loy

Campbell, Nathan Shaner
Lei Wang. Xiaokun Shu

Sunset with green flash as viewed from a California lab

Nobel 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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Structure
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Polypeptide

Structure Chromophore

ZEISS Microscopy Online Campus |
Introduction to Fluorescent Proteins

Green Fluorescent Protein
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! Figure 1

Maturation of the Enhanced Green Fluorescent Protein Chromophore
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https://zeiss-campus.magnet.fsu.edu/print/probes/fpintroduction-print.html
https://zeiss-campus.magnet.fsu.edu/print/probes/fpintroduction-print.html
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Sedimentation

Bright Field

75% Ethanol
65°C 5min

95% Ethanol
65°C 5min

3X Suspension

Sedimentation

75% Ethanol
65°C 5min

Blue Light Field

95% Ethanol
65°C 5min

The molecular properties and applications of Anthozoa fluorescent Colored Proteins Act as Biocolorants
proteins and chromoproteins | Nature Biotechnoloqgy 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

(IUCr) Over the rainbow: structural characterization of the

chromoproteins gfasPurple, amilCP, spisPink and eforRed 1



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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Core chromophore engineering
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Directed molecular evolution to design advanced red
fluorescent proteins | Nature Methods
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https://www.nature.com/articles/nmeth.1776
https://www.nature.com/articles/nmeth.1776

Engineering core protein structure
beyond chromophore :
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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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Overcoming chromoprotein limitations by engineering a Colored Proteins Act as Biocolorants
red fluorescent protein - ScienceDirect in Escherichia coli .



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 1 1
engineering a red fluorescent protein - Locallzatlon 19
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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

Cve
stGFP

mRFP1

mRuby2

mKO2

Azurite

mKate2

TagBFP

°99

mNeonGreen mAzamiGreen mWatermelon mJuniper

eqFP578

mPlum

Ultramarine

mCitrine

TagRFP

mPapaya

mVenus

Electra2

ZsGreen1

mHoneydew

mMiCy

EGFP

mCherry

mMEGFP

avGFP

mBanana

(1

mStayGold2

mTurquoise2

mKate2_TF
(113

mClover3

tdTomato

et h
*

mScarlet_|

PA_GFP

20



Mixing Colors g e
X ] T X ] - almond whe

4 ‘x 1= ) san biow
X Z = ‘ a,uu'(o(omoyr
x| = 0 Coveriden

% J) = @ firguoie
x| = () Ginegren

. ‘ > z = ‘ chestivee brown

X

+
=

X

¢
%
b W

X

+
X
N
-

In ocder to ¢reate new
colors, you need to mix
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{3 Automation Art Interface
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Give it a try here~~~
https://ginkgoartworks.com/

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