Efficient TEV tag-assisted one-pot protein semisynthesis
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—Introduction

_polypeptides with high purity and isolated yields.

Peptide and protein drugs are attracting significant interest due to their high specificity and efficacy.® Significant efforts have been made to develop efficient chemical and biochemical
processes for the synthesis of these biomolecules, with the repurposing of enzymes for synthetic applications representing an attractive approach.??

In this work, we designed an innovative and efficient method for protein semisynthesis. This protein elongation strategy exploits the Native Chemical Ligation (NCL) to form the peptide
bonds and the Tobacco Etch Virus (TEV) tag as a protecting group (PG) for cysteine (Cys) to control the sequential concatenation of synthetic or recombinant peptide segments in water.%>
The TEV tag is removed under mild conditions by the addition of TEV protease, an enzyme with high specificity and cleavage efficiency, thereby minimizing the formation of by-products.
After cleavage, the enzyme is thermally inactivated in a few minutes, allowing the elongation process to continue in one pot with a new TEV-protected peptide.® Iterative cycles afford long

We therefore investigated '

HO
HO OH (CH3)7CH;

~ Existing C to N peptide elongation strategies — Thiswork ———
PG = protecting arou sl . ‘ v Fast & mild (pH 7) deprotection
) HS O Cvs Sorotection ( p g group) Starting materials production <o 12 cleavg,,
- — @) @) =
PG-Cys %SR + ﬁj\ pept; /w/“ )J\ . T ///—\ | v Cell programmable
peptidyl ? cysteinyl S\—N ) > H ) x ﬁ |
o P R ~ — SPPS (Solide Phase / \ TEV orot <A v’ Multiple cycles
Reductant TCEP R = H, Thz (MeONH R = CH3, Acm (PdCl,, MgCl,) “_ E : coli , _ protease .
e NGL | Gt (o6 MPARY cont, 2008 “Brck 2006 || pression (beol) __peptide Synthesis) - \ mediated ll
R = CF5;CO, TFA-Thz R = CF,, Tfacm (base) . protein , v/ One-pot
(base then MeONH;) =, AR l ~ Starting protein elongation cycle
PG-Cys<pep-Cys—pepty o [(4 e E3C 0 o — - 2 ° "
o Cys N-protection O + TEV protease TEV tag cleavage v/ Solubilizing tag
l M . JO - (PG TEV protease thermal inactivation \ \\ “Q‘ox.
. | - a\> :
PG-Cys—peptd-COSR  + Cys-{pepty)- Cys— pept; > O FO ' Y | v no pH adjustments
| | AcA (HONH,) (pip;'r‘i‘;?ne) PG )-Cys{pep)-COSR + Cys “ﬁ"_&tﬂ
NCL l Melnyk, 2015 Mandal, 2020 . Tl e
Step 3 NCL TEV tag
HOZC\L ICOZH
PG-C Cys-{pepty)- Cys— pept _
ys—{peptd- ysl ys— pepts 5 HS .. PG Cysmcysﬂ\ T PG) = [ ENLYFQ
N D (_CO,H 2 - ——
' _ tris(2-carboxyethyl)phosphine  4-mercaptophenylacetic acid V _________________________________________________
L Protein TCEP (Reductant) MPAA (Catalyst) S Protein
1. NCL and TEV protease buffer condltlons 3. TEV-assisted elongation cycle
""""""""""""""""""""""""""" 100 - o © 6 o ¢ o o . . . . .
We used OG (10 mM) in the NCL reaction TEV tag cleavage conditions . ° Thus, we designed a TEV-assisted elongation cycle in a buffer containing
S .
buffer to improve peptide solubility. OG is a B)-cye 2 . : /o O 10 mM TCEP, 20 mM MPAA, 10 mM OG in 0.1 M phosphate buffer, pH
. . . . . - @ @ .
non-ionic detergent with a critical micelle = 40 1°® 7.2 as follows:
tration (CMC) of 23-25 mM in >00 M O : WD MM O%
concen rj | o " 0.1 M phosphate buffer 20 5 - Step 1: TEV tag cleavage (30 °C, 40 min)
water. However, several studies have 20 mM MPAA, 10 mM TCEP 0 - ! ! in situ production of cysteinyl protein
. . +10 mM OG - 0 20 40
shown that TEV protease activity can be 79 30 00 ; Time (min)
PR pH 7.2, - . N
affected by detergents.® ; 0.5 U/uL TEV protease No effect of 10 mM OG - Step 2: TEV protease inactivation

(55 °C, 3 min)

The TEV protease-mediated one-pot elongation cycle was successfully demonstrated
over three consecutive steps, yielding a 14 kDa polyMuc-GB1 protein.
The combination of OG and MPAA enabled a fast and efficient TEV protease

inactivation at a mild temperature of 55 °C, providing suitable conditions for iterative
_ protein elongation.
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