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The recipe for making a fruit fly 

 
Scientists use mass spectrometry to determine the absolute copy number of nuclear proteins and 

histone marks to advance our understanding how the fruit fly embryo develops. 

 

Currently, most if not all of the proteins that are required for constructing a multicellular organism 

are known. However, it is largely unclear how many copies of each protein species are present 

and needed to permit an animal to develop into a complete organism. Researchers at the Max 

Planck Institute (MPI) of Biochemistry have used mass spectrometry to determine the absolute 

copy number of thousands of different nuclear proteins and several histone marks in fruit flies. 

This information helps our understanding how the different proteins work together to control the 

construction of the body of a fly. The results of this study have now been published in the journal 

Developmental Cell. 

 

Fruit flies and humans have a lot in common. Approximately 60 percent of the fly genes occur in 

humans in a similar form. Much insight into basic mechanisms has been gained through research in 

the fruit fly model. The findings of these studies have provided important information on how these 

mechanisms work. In the latest study, Jürg Müller from the MPI of Biochemistry together with 

research groups from Axel Imhof at the Ludwig-Maximilians-Universität (LMU) in Munich and 

Michiel Vermeulen at Radboud University in Nijmegen investigated the protein set that is needed 

to generate a fly. They determined the absolute copy number of proteins and chemical marks on 

histone proteins in cell nuclei from developing fruit fly embryos. 

 

Chromatin is DNA wrapped around so-called Histone Proteins. The entire DNA in the cell nucleus 

(Genome) contains the information that allows a fertilized oocyte to develop into an organism. Jürg 

Müller, head of the research group "Chromatin Biology" explains: "The development of an embryo 

is a fascinating process. Unlike in humans, model systems like the fruit fly allow us to describe this 

process and to investigate how it is altered in genetically mutated animals. The organization of 
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chromatin changes dramatically as embryonic cells become more and more restricted in their 

developmental potential. So, we wanted to understand whether and how the abundance of 

different chromatin proteins and chemical marks on histones change during these critical phases.” 

The researchers measured the copy number of almost 4000 nuclear proteins and chemical marks 

on histone proteins during two different stages of embryonic development.  

 

Jacques Bonnet, the first author of the study, says: "One can compare the knowledge that we gained 

on the amounts of individual protein species to the knowledge that is needed to bake a cake. 

Knowing that you need to add eggs, sugar, flour, butter, raisins and baking powder does, by itself, 

not give you a recipe yet – you need to know the exact amount of each ingredient in order to bake 

that cake. Similarly, we think that to understand the process of embryo development, we need to 

know how many copies of each protein are present in an embryonic cell".   

 

“Intriguingly, we found that many proteins that regulate development were either much more or 

much less abundant than one might have assumed.  These observations will need to be incorporated 

into our current view of how chromatin works and some of these views will need to be revised.” 

Jürg Müller concludes. [FA] 
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About Jürg Müller 

Jürg Müller studied Zoology and Molecular Biology at the University of Zurich, Switzerland. He 

received his PhD from the Institute of Zoology in 1991. He then went on to do research at the MRC 

Laboratory of Molecular Biology in Cambridge, England. Before moving to the MPIB, he led a 

research group at the MPI for Developmental Biology in Tübingen, Germany, and at the European 

Molecular Biology Laboratory (EMBL) in Heidelberg. Since 2010, Müller has been the head of the 

"Chromatin Biology" research group. 
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About the Max Planck Institute of Biochemistry 

The Max Planck Institute of Biochemistry (MPIB) belongs to the Max Planck Society, an independent, 

non-profit research organization dedicated to top-level basic research. As one of the largest 

Institutes of the Max Planck Society, about 800 employees from 45 nations work here in the field of 

life sciences. In currently about 35 departments and research groups, the scientists contribute to 

the newest findings in the areas of biochemistry, cell biology, structural biology, biophysics and 

molecular science. The MPIB in Munich-Martinsried is part of the local life-science-campus in close 

proximity to the Max Planck Institute of Neurobiology, a Helmholtz Center, the Gene-Center, several 

bio-medical faculties of the Ludwig-Maximilians-Universität München and the Innovation and 

Founding Center Biotechnology (IZB). http://www.biochem.mpg.de/en 

 

 
Caption: Molecular marks and proteins (red) regulate gene activity. Mass spectrometry can 
determine the identity and quantity of these proteins and marks. The quantity information, similar 
to a cake recipe, helps to understand how many different proteins are needed for the development 
of an organism. 
Illustration: Adapted by designua, thanksforbuying, Adobe Stock 
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