Incorporazione in proteine di
aminoacidi non naturali



La catena laterale dei 20 amminoacidi naturali
manca di gruppi elettrofili non permette
reazioni chimiche precise
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Incorporazione di aminoacidi non naturali
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Metodi per incorporare aminoacidi
non naturali

Selettiva modifica
chimica di un amminoacido




+  Come si puo modificare selettivamente un aminoacido

Modifica Post-traduzionale tramite reazioni chimiche o enzimatiche



e Sintesi chimica dei peptidi di 30-50 residui + ligazione
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Fig. 3. Synthesis of IL-8 by native chemical ligation.
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(A) Synthetic scheme leading to folded [Ala®?]IL-8
(28). (B) Analytical HPLC (C, 4 reversed phase; 25 to
45% acetonitrile at 1% per minute; monitored at 214 Elution time (min)

nm) of the synthetic peptide segments (29), IL-8(1-33)aCOSBzI and IL-8(34-72), each shown before
reaction was initiated (30). (C) Analytical HPLC under the same conditions of the purified ligation product,
IL-8(1-72)(SH),, in fully reduced form. (Inset) Electrospray mass spectrum (raw data displayed as a single
charge state): observed molecular mass 8319.8 daltons; calculated molecular mass (average isotope
composition), 8319.8 daltons. (D) Air oxidation of the purified 1-72 ligation product to form the folded
[Ala®3]IL-8 molecule, shown after HPLC purification. The earlier elution of the folded, disulfide cross-linked
native protein compared with the reduced polypeptide is typical (9). Folding and oxidation conditions:
polypeptide at 0.2 mg/ml, 1 M guanidine-HCI, pH 8.5 tris buffer, and vigorous stirring in air at ambient
temperature. (Inset) Electrospray mass spectrometry of the oxidized and folded synthetic IL-8 (raw data
displayed as a single charge state). Observed molecular mass, 8315.6 daltons; calculated molecular
mass (average isotope composition), 8315.8 daltons.
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Metodi per incorporare aminoacidi modificati in proteine

In vivo — sostituzione residuo specifica:
crescita in un mezzo che contenga
I’aminoacido modificato che deve essere
strutturalmente simile a quello naturale
(selenometionina/metionina o aa marcati
con 15N)

Grow E. coli
auxotroph on
agar plate to
obtain colonies

Lyse and purify
protein to
determine
extent of UAA
incorporation

 ———

Pick colony and
grow overnight
in 20 aa defined

media with

proper antibiotic

%
Incubate culture
for3hto
produce
recombinant
protein

In vitro e in vivo —sostituzione sito specifica
» mediante 1’uso di tRNA soppressori non senso

 E——

Subculture cells in
20 aa defined
media with proper
antibiotic, grow to
mid-log phase

—

Resuspend
cells with 19
aa defined
media, the
UAA, and an
inducer

Centrifuge and
wash cells
multiple times to
remove natural aa
to be replaced



“Misacylation” del tRNAs

cysteine-tRNACYs > alanine-tRNACYs

Chapeville, F.; Lipmann, F.; von Ehrenstein, G.; Weisblum, B.; Ray, W. J.; Benzer, S. Proc. Natl. Acad. Sci. 1962, 48, 1086-1092.
von Ehrenstein, G.; Weisblum, B.; Benzer, S. Proc. Natl. Acad. Sci. 1963, 49, 669-675.



Incorporazione di aminoacidi modificati mediante I'uso di
tRNA soppressori nonsenso
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Terminazione

polypeptide

Amber (UAG), Opal(UGA), Ochre(UAA)



sug tRNA Amber (UAG)suppressor

tRNAs Soppressor!

st tRNA Amber (UAG) suppressor

= #prf mutation = gin Foutation
AOH 3 Aog 3
. -
. -
A e
5 opld e C 5 plU e &
- e (I
LU Y (I
- e - e
= e O T e A
= e O T e A
s he e oA ha e U !
C¥hg 1 CUUC A @4, C seuccy A
gm Cl:l: & & & & B G C CI:G * & & & 2 G
. s . G A A GG G Gm . e CG A GG C
Coy ,a%G6 C T¥ G 4G0GC c T W
A A A 1 D& A U
el Yo ceGC Y
Ces G° A Ceg &
Aol U en G e C
Z e & 1T Z e C
A = A w
o Iy T T
V) T ) Amse
CU A CU A
G G



Prima evidenza della possibilita di usare soppressort nonsenso per
inserire in una catena polipeptidica aminoacidi modificati

Introduzione della diazirina in un sito che portava la mutazione amber
Mediante modifica chimica del tRNA acilato

COH

NH;

Shih, L. B.; Bayley, H. Anal. Biochem. 1985, 144, 132-141.



Misacylation of Suppressor tRNAs
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Produzione di proteine con aa modificati in vitro € in vivo
con tRNA acilato chimicamente
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Bassa resa perche il tRNA non puo essere riacilato in vivo.
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Nonsense Mutation
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Incorporazione di aminoacidi nonnaturali in
Vivo



In Vivo Misacylation

* L’ aminoacido modificato non deve essere tossico e deve poter
entrare nella cellula

* Il “Suppressor tRNA” deve essere acilato solo dalla
sintetasi eterologa (orthogonal tRNA/synthetase pair)

Saks, M. E. Proc. Natl. Acad. Sci. 2001, 98, 2125-2127.



Gli amminoacidi vengono attivati mediante adenilazione
La formazione dell’ amminoaciladenilato e catalizzata dall’amminoacil-tRNAsintetasi
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Amminoacil AMP *IRNA  —»  AMP + amminoacil-tRNA
(amminoaciladenilato) D

ATP+amminoacido+tRNA ———  Amminoacil-tRNA+ AMP+ PPi
PPi — ~ 2Pi
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Esistono due classi tRNA sintetasi che
si differenziano per:
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Le due classi di tRNA sintetasi legano lati diversi del tRNA




Alcune tRNA sintetasi hanno il sito per la correzione di bozze

Sito di correzione
di bozze

Sito di
attivazione
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Nonsense Suppression Methodology

* mutazione non senso in un tRNA

specifico per un determinato aminoacidg*e® TG
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Noren, C. J.; Anthony-Cabhill, S. J.; Griffith, M. C.; Schultz, P. G. Science 1989, 244, 182-188.



Ricerca di una coppia tRNA/sintetasi in grado incorporare aminoacidi modificati

Selezione del tRNA Soppressore

* Non deve essere acilato da sintetasi endogene

Unnatural aa

n Amino acid reacylatlon ~ 8 oy
Incorporated vu©
C% Into proteln (\/%
vu©

none aa cisl" (g ci%)

Tentativi di produrre coppie di tRNA soppressori / sintetasi a partire da
Glutamil tRNA /sintetasi di E coli non hanno portato a risultati positivi



Ricerca di una coppia tRNA /sintetasi in grado incorporare aminoacidi modificati

Le t-RNA sintetasi e tRNA degli eucarioti e degli archea sono simili tra loro e diverse da

quelle di E.coli
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Sintetasi e tRNA Metanococcus . jJannaschii
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Ricerca di una coppia tRNA /sintetasi in grado incorporare aminoacidi modificati

tRNA degli eucarioti e degli archea sono simili tra loro e diverse da quelle di E.coli
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Selezione per tRNA/tRNA sintetasi
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Selezione di sintetasi specifiche per amminoacidi

modificati:
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Selezione dei tRNA Suppressori

glycyl-tRNA sintetasi non ha attivita di editing

Fersht, A. R.; Dingwall, C. Biochemistry 1979, 18, 2627-2631.

* Mutagenesi nello stelo accettore per eliminare il
riconoscimento con la E. coli Gly sintetasi

Bain, J. D.; Diala, E. S.; Glabe, C. G.; Wacker, D. A.; Lyttle, M. H.; Dix, T. A.; Chamberlin, A. R. Biochemistry 1991, 30, 5411-5421



Expanded Genetic Code in E. coll

Amminoacidi non naturali correlati strutturalmente alla tirosina




tRNA/ tRNA sintetasi in lievito R .
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Figure 4. General Methods for Efficient Expression of Prokaryotic
tRMAS in Eukaryotic Cells by Using Special Pol 1l Promoters
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Incorporazione del fotocrosslinker
pbenzilfenilalanina (pBpa)
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Figure 7

Site-specific incorporation of a photocrosslinker into proteins for mapping protein-protein interactions
in vivo. (@) The chemical structure of p-benzoyl-L-phenylalanine ( pBpa). (¢) Residue Phe-52 or Tyr-198
in Schistosorma japonica glutathione S-transferase (SjGST) was substituted by pBpa. Monomers of the
dimer are shown in blue and red. The side chain of Phe-52 is shown in orange for each monomer (/ef?).
The side chain of residue Tyr-198 is shown in orange (right). (c) The covalent dimerization of SjGST
(Phe52pBpa) in vivo upon irradiation at 365 nm.




Produzione di proteine glicosilate in E coli

H:N~ ~COOH
5

p-acetilfenilalanina

Sequential route

HAC Hi UDP-gatactose CMP-sialic acid

-
NaOAc buffer, pH 5.5 B-1, 4-galactosyltransferase  «-2, 3-slalyltransferase

Convergent route
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In Vivo Expression
of a Light-Activatable Potassium

Channel Using Unnatural Amino Acids

Ji-Yong Kang, ' Daichi Kawaguchi,” | rene Coin,’ Zheng Xiang,' Dennis D.M. O'Leary, ® Paul A. Slesinger,®“and LeiWang -~
1Tha Jack H. Skirball Canter for Chamical Biology and Protsomics

2Malacular Neurabidlogy Laboratony

3Paptida Biology Laboratory

The Salk Institute for Biological Studies, La Jolla, CA 92037, USA

*Dapartmeant of Neuroscianca, lcahn Schoal of Medicine at Mount Sinai, Mew Yark, NY 10023, USA
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Figure 3. Light-Dependent Activation of PIRK (Kir21_C169:4:Cmn) Expressed in HEK283T Cells
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igure 6. In Vivo Expression of PIRK Channels in the Mouse Neocortex

\) Validation plasmid set: one plasmid for LeuRS or for CmnRS, under the control of CAG promoter and coexprassed with mCherry via IRES sequence; one

lasmid encoding GFP_Y 182, .5 under the control of the CAG promoter. Three copies of tRNAZY, driven by the H1 promoter were combined with the

FP_Y182 ;. to increase incorporation efficdency. Green fluorescence indicates suppression of dnbu codon by Leu or Cmn. Red fluorescence indicates

Jccessful gene delivary of synthetase in vivo.

3) PIRK expression plasmid set: one plasmid for CGmnARS, under the control of CAG promoter and coexpressed withmCherry via IRES sequence; one plasmid for

r2.1_C169;,5 coupled with three copies of tRNALTE, : one plasmid for GFP_Y 182;,.5. Green and red fluorescence indicates successful expression of all three

lasmids and Cmn incorporation.

7) Carntoon shows experimental procedure for PIRK expression in vivo. Gene constructs in (B) were injected into the mouse neocortex (E14.5)and electroporated
utero. Two days later, Cmn was injected to the brain. Slice imaging and electrophysiclogical assay were performed on E17.5-E18.5.

N Fluoresconceoe imaaces of mice eaanbrvonic cortical nlates showinag the successful incomaormation of leu INto GFEFPyas iIn viveo Ton' CAG- lelRSIRES.mmChorry



