Designer proteins – for what purpose? 
Zareena, Mookayi and Mari
“Ahh…something bit me,” shouted Zareena, shaking her feet. Mari, Mooks and Zar were resting after a happy walk in the forest close by. On hearing Zar, Mari and Mookayi rushed to Zar sitting under a nearby tree. “What happened?” they both asked. Zar pointed to her left foot. They looked and saw nothing. Mari and Mooks laughed .“Must have been an ant. Told you not to take off your shoes”. Zar cried, “It is paining and you are making fun”. 
Quickly Mari bent down and checked the foot carefully. She saw a growing swelling next to the left small toe. Mooks also pointed to a wriggling centipede nearby. “Must have got crushed when Zar flailed her legs. Looks colourful”. 
Mari went and got a bottle of water and poured it on Zar’s toes. 
Usha who had gone following a Golden Oriole came back on hearing all the noise. “Amma, something bit Zar’s toe,” Mari said. Mooks pointed. “Must have been this pretty centipede”. 
“Is the pain unbearable?” Usha asked Zar who shook her head. “Then just take some rest, I will go and check with my friend Porkodi in whose house we are staying if she has any ice, analgesic for pain and antihistamine for allergic reaction. You three play some game so Zar does not keep worrying.” So saying, she used a stick and moved the centipede under the bushes close by so no one stepped on it again.
Back in the house after some hours, they sat around talking animatedly while drinking the tea Porkodi had made and eating freshly baked cookies. “We will get the doctor to check Zar at the nearby Public Health Centre when you are done. You will be soon running around, Zar. Centipede bites only cause discomfort to humans. They are fatal only for their insect preys,” smiled Porkodi.  Being an evolutionary biologist she added, “Did you know the toxin that is bothering you is a protein that was actually a hormone in a distantly-related prawn?” See Box for explanation.
BOX Arthropods
Prawns are arthropods, just like centipedes. This is the largest group (phylum) of animals and includes common insects such as beetles and animals such as spiders. In fact, they account for about 80% of known living animal species. The word “arthropod” means jointed legs and so you can easily imagine what kinds of insects and other animals come under this classification. They don’t have a regular skeleton, but what is called an exo-skeleton, an outer hard protective layer. They also have segmented bodies and mostly compound eyes. Since prawns and centipedes belong to the same phylum, they must have had a common ancestor from which they have both evolved. Indeed, they are diverged from a common ancestor more than 500 million years ago”. 
END OF BOX 
BOX What are hormones?
Hormones are chemical substances that act like messenger molecules in the body.  They are usually made in one part of the body. Then they travel to other parts of the body where they help control how cells and organs do their work. Hormones work by binding to specific proteins in the cell, called receptor proteins. This causes a change in cell function.

END OF BOX 
Zar broke in ,“How do you know that the venom in my centipede is related to the hormone in a prawn?” Porkodi smiled and went on, “People use X-rays and the method called X-ray crystallography to determine the structures of proteins. These structures can be compared. [The photo shows a representation of the 3D structure of the protein myoglobin which binds to iron and oxygen (it is distantly related to the better-known haemoglobin). This protein was the first to have its structure solved by X-ray crystallography. Toward the right-center among the coils, is the heme group (shown in gray) with a bound oxygen molecule (in red).] Like you can superpose my hand on a monkey’s hand and tell the two are similar. So the protein structure of the venom from a centipede and a spider were found to be similar to the protein structure of a hormone from a prawn”. 
“But how is that possible?” questioned Mooks.
“Ah, good you asked the question! Since we have time before going to the doctor, let me explain,” said Porkodi. “Proteins are long chains made of amino acid units. These are the work-horses of all viruses, bacteria, plants and animals (See BOX). They can be thought of as tiny machines that carry out their specific functions in precise and efficient ways. When these get mutated or modified, the organism changes, develops problems or dies.”

BOX on Protein Functions
Over billions of years, proteins have evolved and have been used in so many different ways:

-- as weapons to protect themselves or to kill their prey; 

-- as energy generators to derive energy from molecules; 

-- as promoters to drive the process of DNA transcription ( to make RNA from DNA);

-- as transporters to take molecules across different parts of a cell.

END OF BOX 
Mari gathered the tea cups to put them away in the kitchen. She came back and asked, “How is the protein structure modified in the process of evolution?”  

Porkodi, happy always to talk about protein structures went on, “You know there are 20 different amino acids and these are arranged to form different proteins. They are like letters of the alphabet. Just like with language, letters of the alphabet can be used to form different words or sentences.  Depending on the sequence of amino acid units, proteins take a specific shape or fold which helps the protein carry out its function (see figure).”

“This knowledge is very useful when you want to compare two different proteins. You can ask what percentage of amino acid sequence of letters in one protein is identical when compared to another protein. When two proteins are more than 50% identical in their sequence of amino acids they usually have a similar structure and function. But at times one can see that the sequences are less than 30% identical so the functions may or may not be the same. But it can turn out that the folds are similar. What does this mean? At some early time, perhaps the two proteins had the same function. Over time, the exiting protein/structure was re-purposed to perform a different function”.

“You talk as if there is someone designing these proteins!” said Mooks. 

Porkodi laughed. “No...No...There is no grand designer...It is merely the process we call evolution. But it is as if the proteins have been redesigned. Of course all these mutations or changes in DNA happen randomly. The DNA sequence modifications can lead to changes in the amino acid sequence. However, only those changes at the molecular level that either is useful to the organism or not harmful to the organism get retained or pass on. If they were harmful the organism would die or not continue to reproduce and so the molecular changes will not be passed on”.

“Alright, Usha. I think we should take Zar to see the doctor and then she should rest,” said Porkodi. “What about Mari and Mooks, do you want to also come?” Mari and Mooks cleaned up the table and said “Try leaving us and going!”

The next day morning Zar limped out bright and smiling to join everyone. They chattered on about the birds, plants and flowers they were able to see the previous day during their walk. Later while they sat around having tea, Mari said, “You know because we were googling about proteins, evolution and design last night, today morning Google showed some links about Artificial , (AI) design of proteins. We did not follow much of it though. Except some of the links said it is real and there was a conference that was held in Washington to discuss about it”.

Usha said “Good you tried to find out more. But I also hope you let Zar sleep. From her cheerfulness, I can see she seems well rested”. She carried on, “Till about 5 years ago, the problem of predicting the structure of a protein given a particular sequence of amino acids in it was not so easy. But this changed with the arrival of a type of AI-based deep-learning programme called Alpha Fold. This programme has been remarkably successful in coming up  with protein structure models for a large number of proteins. The AI programme predicted the structure, and these were compared to the experimentally determined structures; they were found to match well.”

“But I thought AI tools had a limitation of being trained on only what is known and cannot predict totally new stuff”, said Zar. 

Usha smiled, “Listen on. Like Zar pointed out, as most AI learning tools, Alpha Fold was limited to protein structures that were already known. A couple of years ago, though, it became possible to design completely new synthetic proteins. This is because researchers developed advanced protein design tools such as Rfdiffusion. So now we have designer proteins. The researchers put the corresponding DNA into cells. These cells were able to synthesise and regulate the newly designed protein (this is called protein expression). They showed that the function of that protein was as per the design. In principle, therefore, it became possible to have functional synthetic proteins on demand.” 

Porkodi put down the book, ‘Knowledge as Commons: towards inclusive science and technology’ that she was reading and said, “Now that humans can play evolution, we need to be more answerable to others. The Washington meeting was about that social responsibility of scientists”.

Porkodi continued, “You recollect what we read about how in the early days of genetic engineering. The scientists got together at the Asilomar conference in Feb 1975 where about 150 molecular biologists drew up guidelines for the safe use of recombinant DNA”. (Recombinant DNA is a piece of DNA that has been created by combining two or more fragments from different sources.)
Usha said, “The important thing is that the scientists are concerned and put out a declaration in the an AI safety summit held in Washington DC, USA . They realise it is important to assess the risks associated with the malicious utilization of designer proteins. The declaration urges the scientific community to adhere to specific safety and security protocols when employing artificial intelligence in the creation of synthetic proteins”.

Mooks looked puzzled and asked,“How can the computer generated proteins be used in real life?”

Usha said, “Good question. Such synthetic proteins may be useful in drug design and medicine. But we must be careful. Any such designed protein needs to have the corresponding DNA synthesised. The researchers have pledged to obtain DNA synthesis services only from providers who check to ensure that the molecules they are manufacturing are not a bio-hazard.”

“But one thing is clear”, said Porkodi. “Using AI techniques in bio-engineering is going to transform our knowledge over the next few years. Let us hope that it brings only benefits to the common people.”

