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Herein we aimed to 1. generate an unique synthetic biology tool that sheds light on the role of mRNA
in vivo 2. overcome the challenge of engineering a coenzyme binding pocket without disturb the
substrate binding pocket 3. shade light on the coenzyme evolution.

In this project we were aiming to replace the coenzyme S-Adenosyl Methionine
(SAM) with a synthetic coenzyme carrying a different transferable group and nucleoside ; to develop
a selection method for the RNA methyltransferase and finally to engineer a RNA methyltransferase to
utilize the synthetic cofactor in a orthogonal manner.
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1. BFZEBHAA 4 H DAY 5

In literature, many studies have been reported replacing the natural coenzyme
with an analogue with a different transferable group, mainly with alkyne
derivatives and major effort has been done engineering in particular DNA or
protein methyltransferase, to accept them (Schulz D. et al. Angew Chem Int Ed
Engl 2013; Lukinavicius G. et al. Acs Chem Biol 2013). These modifications of
SAM allow an easy DNA labelling but it does not guarantee orthogonality for the
coenzyme. Furthermore single mutations rationally designed can be introduce in
the engineering enzyme but if directed evolution is applied for the in vivo selection
the system has to overcome a main problem: the co-existing of the synthetic SAM

and natural one, the latter one in pretty high concentration (0.1mM in E.coli).
2. WHEEDHW

In this project we were aiming to replace the coenzyme S-Adenosyl Methionine
(SAM) with a synthetic coenzyme carrying a different transferable group and
nucleoside ; to develop a selection method for the RNA methyltransferase and
finally to engineer a RNA methyltransferase to utilize the synthetic cofactor in a

orthogonal manner.

3. BHROIIA

The first step for the accomplishment of the project was the synthesis of the
unnatural cofactor. Since we could not synthetically make it we decided to go for
biochemical synthesis using Methionine Adenosyl Transferase (MAT), the
enzyme that synthesize SAM inside in the cells. We selected three enzymes to
screen for promiscuous activities for substrate analogues. We tested the E.coli
MAT, M.Jannascii MAT and one human MAT (hMAT). We managed to synthesize
few nucleotide analogues of SAM using the hMAT enzyme. During these attempts
we realized that although the sequence similarity for the bacterial MAT and hMAT
was high (70%) and the two enzymes had identical binding pocket they performed
completely different for specificity towards the nucleotide base. We decided in
parallel to study this interesting finding. We characterized these enzymes
biochemically and structurally and we shed light on their mechanism of
promiscuities (manuscript in preparation).

In the meantime, we started to set up the selection method for the RNA
methyltransferase. We planned and constructed the plasmid for the in vitro

selection method. The in vitro compartimentalisation (IVC) method was set up,



although we found low recovery of the RNA and we are currently working on

improvement on this step.

4. WFFERCR

As mentioned above the promiscuities mechanism of MAT enzymes will be soon
published and this will put the bases for the synthesis of synthetic SAM analogues.
The structural and biochemically information that we collected will be worldwide
useful since there is a major interest in synthesizing these SAM analogues.
Moreover towards this study we identified a new cofactor in human cells, S
guanidyl methionine.

We are setting up the IVC method and soon we will create the library and start
the selection. The selection will hopefully be able to give us also more information
about the function/structural relation of RNA methyltransferase -a still unexplored

enzyme.
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