Paint the feather red
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You might have heard of "Carotene". Carotenes are pigments of yellow, red or orange. The carotene is what gives the carrot its characteristic yellowish orange colour. Carotenes belong to a group of molecules called carotenoids. Birds with red or orange colouration use carotenoids to produce those colours. However, many of these birds cannot produce carotenoids on their own. They have to acquire these pigments through the food they eat. 
When we think of parrots, the first thing that comes to mind is a thick billed bird in bright green. But there are many non-green parrots in the world. Scarlet macaws have blue, red and yellow colouration. Blue and Gold Macaws display bright blue and yellow colouration over most of their body. Hyacinth Macaws are blue. There are over 410 species of parrots and they come in all colours and shades of the rainbow!

Scientists who study orange/red coloured parrots know that their colouration is very special. Unlike other birds, these parrots do not need an external food source to produce colours. They have a pigment called "Psittacofulvin"  which gives them their characterisitc colour. Do not be intimidated by the complicated term. In latin, Psittaco means parrot and fulvin means yellow. So this word basically means "Yellow colour of the parrot".

Even though psittacofulvin was discovered way back in 1882, there was a lot of confusion regarding how these pigments are genetically coded and expressed. Two studies by different research teams have recently provided some important clarifications. One team conducted research on parrots and the other team focussed on birds that take carotenoids from food.
Dusky Lory
Dusky Lory is a beautiful parrot species native to New Guinea. A team of scientists lead by Roberto Arbore took this as their study species and studied its coloration. Techniques like spectroscopy, mass spectrometry and chromatography were used to analyse feathers. The team also did enzyme studies and genetic mapping to understand what happens to the colour pigments on a molecular level.
BOX What is an enzyme?
An enzyme is a protein that speeds up chemical reactions in living organisms . Enzymes are biological catalysts that are not consumed or altered during the reaction. Without enzymes, many metabolic reactions would not happen fast enough to sustain life.
END OF BOX
The results were very fascinating. They understood that psittacofulvins in this species have two variations. One version has a chemical group called aldehyde attached to it. (See the figure for the chemical formula; here R is any chain containing carbon and hydrogen atoms). This aldehyde-containing version is red in colour. The other version has a carboxyl group attached to it, this version is yellow in colour.  There is a gene calld ALDH3A2, which codes for a particular enzyme. This enzyme can convert the aldehyde group into carboxyl group. To put it shortly, this enzyme can convert the red coloured pigment into a yellow coloured pigment. If the feathers have a large amount of ALDH3A2 enzymes, they become yellow coloured. Otherwise, they are red in colour. “The change of colour is not a complicated process at all, it is a very simple chemical modification", says Roberto Arbore. So in this species, the change in colouration happens through an enzyme which alters the chemical structure of the pigment.
Long Tailed Finch

David Hooper and his team of researchers focussed on the long tailed finch from Northern Australia. The speciality of this bird is that it has two subspecies - one subspecies has a yellow beak and the other one has a red beak.

The long tailed finch does not have psittacofulvin. It has to take up the carotenoid pigments from the food it eats. However, the carotenoids in its diet are yellow or orange in colour. Then how does the bird get red colouration? David Hooper and his team wanted to find out the answer.

The team used detailed genetic analysis to understand the mechanism behind the pigmentation. They found out that there are two different types of enzymes in the bodies of these finches. One enzyme is called CYP2J19. This enzyme can convert the yellow carotenoids in diet to red carotenoid pigments. There is another enzyme called TTC39B, which enhances the process.

So, what happens inside the body of these beautiful birds? How do they have different coloured beaks? In the red beaked subspecies, these two enzymes are active, so the beak becomes red coloured. In the other subspecies, the genes for these enzymes are switched off, so the beak turns yellow. See the picture where the beak colour changes progressively from yellow to red as you move across Australia.

"Imagine you want to change the lighting level in a room. You can either install a light switch, or change the entire lighting system. Which is easier? Having a switch is definitely easier. That is what happens here. By switching on or switching off the genes responsible for the enzymes, the colouration can be changed", says Simon Griffith. He is a professor of Avian Ecology at Macquaire University. Another scientist called Keith Gordon feels the same. "Nature often uses elegantly simple reactions to achieve significant change", he says.

These two studies have provided some important insights regarding the mechanisms used by birds to process red and orange pigments.

Do you think this research has practical applications? Write to JM and let us know!
