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Designer organelle to synthesize 
mul�-func�onal proteins

A cytoplasmic PylRS system
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and suppression of stop codons
in all mRNAs
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Selec�ve transla�on by OT organelle
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GCE beyond stop codons
The ability of the synthe�c OT organelle to render GCE protein specific was validated 
by confocal microscopy and flow-cytometry. In both cases a pair of reporter proteins 
were expressed simultaneously from a bicistronic promoter. However mRNA of only 
one of them was equipped with an organelle targe�ng domain (ms2 loop). Since the 
GCE machinery is confined to the organelle, only the targe�ed mRNA should get 
translated.
Confocal images of HEK293T shows the organelle selec�vely transla�ng 
NUP153::GFP149TAG whereas in the absence of the same both vimen�n114TAG::mOrange 
and NUP153::GFP149TAG are expressed.
In agreement with our hypothesis flow-cytometry plots for the various types of orga-
nelles show a dominant signal for the POI mCherry185TAG as opposed to the cytoplas-
mic system that shows signal for both mCherry185TAG and GFP39TAG

Sense codon reassignment is the key to unlock the plethora of 
possibili�es that is limited by restric�ng GCE to only stop codons. It has 
the poten�al to ul�mately synthesize an en�re bio-polymer with any 
desired func�onality. However, it is challenging to design a reporter to 
assess success of this approach since unlike amber suppression the full 
length POI is translated even in case of failure. Hence we have used 
unique click-labelling proper�es of the ncAA to dis�nguish the modified 
POI.

We have successfully been able to build a synthe�c membraneless organelle that is capable 
of selec�vely transla�ng mRNA of choice and thus have made amber suppression protein 
specific. The aim now is to expand GCE to all the available sense codons and towards that 
effect we already have promising results for the reassignment of CTA codon. The success of 
this approach will provide us with the flexibility to introduce mul�ple ncAAs of desired 
func�onality. It could for e.g be useful for studying disease models by the introduc�on of 
associated post-transla�onal modifica�ons to a POI simultaneously with mul�ple labels to 
elucidate the change in behaviour of the same. The organelle itself can be developed 
further to facilitate other biological reac�ons or mimic different naturally occuring 
condensed organelles and thereby provide a simpler model for studying the same.

A hypothe�cal protein with a caging group to regulate its ac�vity and two 
site specifically incorporated dyes whose FRET measurements can elucidate 
conforma�onal changes induced by a post-transla�onal modifica�on.

P

GFP39CTA ::GFP66CCC

an�body

GFP

SNAP tag

synthe�c dye

co
m

pa
ra

�v
e 

si
ze

 o
f fl

uo
re

sc
en

t p
ro

be
s

label size

To solve the selec�vity issue we hypothesized that it is possible to create an orthogonal 
transla�on system by spa�ally enriching specific components of the GCE machinery in an 
ar�ficial orthogonally transla�ng (OT) organelle.
(A) The cytoplasmic pyrrolysyl aminoacyl-tRNA- synthetase (PylRS) aminoacylates its 
cognate stop codon suppressor tRNAPyl with an ncAA. This leads to cotransla�onal ncAA 
incorpora�on when the respec�ve stop codon occurs in the mRNA of the POI. However, 
many endogenous mRNAs terminate on the same stop codon, poten�ally leading to ncAA 
misincorpora�on. 
(B) Spa�ally enriching components for GCE, i.e. the mRNA of the POI, PylRS, tRNAPyl, and 
ribosomes  through the use of phase-separa�ng “assemblers” to an OT organelle should 
enable selec�ve transla�on of only the recruited mRNAs.
Whereas, in (A) GCE is stop codon specific, in (B), it is stop codon- and mRNA-specific.

The ability to site-specifically modify a protein can be a powerful tool in elucida�ng consequences 
of a variety of post transla�onal modifica�ons or visualizing proteins in-vivo. 
Gene�c code expansion is unique in its ability to control protein func�on with single-residue 
precision in a variety of organisms. It is widely used to perform labeling for microscopy, 
photocontrol cellular func�on, protein crosslinking or introduce post-transla�onal modifica�ons. 

Par�cularly relevant for high resolu�on fluorescence microscopy is its strength to bring down the 
the size of a fluorescent probe to a minimum. This is achieved by introducing an orthogonal 
tRNA/synthetase suppressor pair into the living host which reassigns a stop codon to incorporate a 
noncanonical amino acid (ncAA) harbouring a unique chemical manipula�on handle. To this handle 
a small fluorophore can be coupled in a biocomap�ble fashion.
Despite the poten�al, this technology suffers from lack of mRNA selec�vity which imapcts cellular 
physiology. Furthermore, the method is limited by the number of availabe codons to reassign.
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