ncAA expanding the roles of binding protein
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Protein engineering is widely researched area

Introduction

Protein engineering is intensely researched now.
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Three key advantages of protein Introduction

Substrate Product

Catalyst

®Q
Enzymes catalyze natural chemical reactions with near-perfect @ — @ — — @

efficiency and asymmetric selectivity under mild conditions, such Enzyme + Substrate Ereyme-Substte ereyme-prouc Enzyme + Product
as at room temperature and |n Water. https://old-ib.bioninja.com.au/standard-level /topic-2-molecular-biology/25-enzymes/enzyme-catalysis .html

& Key functions

Target antigen ~ Recognition of target
cancer cells

Substrate recognition

Antibody Guidance system for
cytotoxic drugs

As exemplified by antibodies and receptors, it has an extremely
high ability to identify specific molecules with pinpoint accuracy.

Bridge between antibody
and drugs and to control
the release of drugs
inside cancer cells

Linker

e o ] Cytotoxic drug ~ Warhead for destroying
cancer cells

Programmability

Zhang, L.; Sun, L. Sci. Rep. 2024, 14, 22357.

Designed Designed Designed

Their function is determined by the sequence (a digital code) of Sequence Honomer Sructers Cauples Sttt
just 20 amino acids. This makes it highly compatible with design MRYGC. EDRRL] Folding  SCMONG sinding . Wy

and prediction using machine learning (ML).

https://tacc.utexas.edu/news/latest-news/2023/08/03/dee p-learning-for-new-protein-design/




Three key advantages of protein Introduction
Catalyst kgl it
. . . D% y %T OJ . o
Enzymes catalyze natural chemical reactions with near-perfect 4 \kff» e ( [
8\
efficiency and asymmetric selectivity under mild conditions, such s
as at room temperature and in water. e e
Substrate recognition 9%“ —>e- 3 B r :
¢ ) i oy
| — § 0&"‘, % :_':
As exemplified by antibodies and receptors, it has an extremely &

high ability to identify specific molecules with pinpoint accuracy.

Programmability

Their function is determined by the sequence (a digital code) of
just 20 amino acids. This makes it highly compatible with design
and prediction using machine learning (ML).

Substrate recognition and
programmability are crucial features
of protein for biology.(e.g., binders)

Emerging Applications

Biotechnology - anti-CRISPRs

% e

\W

OMVS

A 22, X

—_—

5 N U§ F{)?
+ M‘é U T#/ S

De novo antibodies

A kAN

B

W

Anti-microbial binders

Anti-cancer therapies

Fox, D. R.; Knott, G. J. Structure 2025, 33, 1631-1642.1
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PPIs (Protein-protein interaction) design is intensely studied Introduction

a Binder backbone and Sequence optimization of Validation . . . .
somgaroen Lo D pugbre g A study showed machine learning can design binders
= % of nM affinity with Alpha Fold 2, RF diffusion and
Target protein fnuitimet AF2 trajectory Optimized design renomet Filtered design IVI P N N .
b
< Cellular receptors iR ( Common allergens N e b ki BT —EEa © PO d
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—— sCldn1-14
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—— Negative control
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8

T T
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Toxin ‘Oligomerization and Cytotoxic Time (s)
binding pore formation effect
IFNAR2 ¥ cwmwr b o
2 1100 — CLDN1-b12
2 100 —— CpE
3 —— CLDN1-b12
g 75 g R (pre-incubated)
s @ +CpE
50 % 1.050
i ]
g 25 f- =~ - I~ -i == H 1.025
3 k]
CbAgo 5 — ~ — — = =
9 ( -t LDN CpEinhibitor__CpE] 2 & 190
\ De novo Structural Multi-domain nucleases Binder [+ + ++ + + ++ + + 4+ -] g u;* 1(;" 18*
J J CoE([ - v v+ - &+ o+ - & &+ +] Ligand concentration (M)
|Experimentally confirmed binders and/or tested designs| l Lowest measured K (no experimental optimization) I I i K" due to poor fit |

Pacesa, M, Bruno E. Correia. Nature 2025, 646, 483—-492.



Designing de novo enzymes is much more difficult

Catalyst

Enzymes catalyze natural chemical reactions with near-perfect
efficiency and asymmetric selectivity under mild conditions, such
as at room temperature and in water.

Substrate recognition

As exemplified by antibodies and receptors, it has an extremely
high ability to identify specific molecules with pinpoint accuracy.

Programmability

Their function is determined by the sequence (a digital code) of
just 20 amino acids. This makes it highly compatible with design
and prediction using machine learning (ML).

Designing de novo protein is limited to simple
reactions.(e.g., hydrolase, Diels-Alder)

A input active site

design model

ove
side chains
substrate 2. specify
chemistry
P— @ Gin
%s

RFdiffusion

PLACER (n samples)

randomized

) —> rediction
coordinates P

Introduction

output backbone

Gin '(%
Seé Asp
c
0 0 0 0
EG EG) ! fe H f (e
. oty ° Rog (2 why e x o By
H, Ris H ~o-A&7..-H H, R HY H, Ho—A«7 ..H
N oS0 < ) Rely =
R By % e LoFs 1B\a~/ %
H/! H : X [ER— S H
o H o “i’ o o #
" %4 v "y
T ™ RiOH AEI TI2 }\\
Ry
D functionally preorganized (native enzyme) OAOH
7 £
(apo B ™ E AEI h /TIZ h
ox’);acl;eion substrate i Ser-acyl
His H _,.* .__.¥
A\ J N\ TN J
not functionally preorganized (inactive design)
apo (AEI N
- 9 & s .: ar 5
Asp Ser
- N TN

Lauko, A.; Baker, D. Science 2025, 388, eadu2454.



Directed evolution is a powerful tool for developing enzymatic catalysts Introduction
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Directed evolution _ o
Directed evolution is composed of 3steps.

Directed evolution is an experimental technique used
to improve the function of molecules, such as
proteins and nucleic acids, for a desired purpose by
mimicking the model of natural selection.

1. MUTATION
A gene is diversified by introducing random mutations to

create a library. Subsequently, the proteins are expressed.
If a reaction proceeds at all, the efficiency can be

improved dramatically by directed evolution. 2. SELECTION
Select the individual best suited for the desired function.

Directed Evolution Overview: .
™ the most important step

Natural Gene diversification MUTATION
Gene Library 3. REPLICATION
The genetic information of the individual is replicated
— . and used as a template for the next library.
Improved el
expression
Gene THE NOBEL PRIZE
| CHEMISTRY 2018
o >, e
o
Selected Gene Protein Library

https://www.smithsonianmag.com/smart-

REPL/CAT/ON e . . ntetv‘\)/s/three—evoluttionary—sciegntists—sharer:t—
amplification SEL ECT/ON years-nobel-prize-chemistry-180970453/

https://2019.igem.org/Team:Stanford/Description 7



Directed evolution is a powerful tool for developing enzymatic catalysts Introduction
a Nature’s alkyltransferase
0 @ a N GO,k COE b 24007 100
TR W ‘o/u\/\/§\Ad 0 ! '\ ? e 95
g \)~\ ¥ P : OMe Haem protein OMe 2,000 A
HO” | OH NHz* HO” |\/\OH /©)\ —_— 1.800 %0
OR! AFe-4S OR! MeO MeO ' 85
[HFe:4S] 1a 1,600 g
Cobalamin 100 4 80
Variant TN 1.400 g
PP s £ 1,200 1 75 2
b Nature's oxygenase 450gus Wild type N 1,000 4 . 70 g
P-4(AB2L) 13 800 - T
@ 65
@ CYP119 wild type ND 600 4 o
H H NAD(P)H ¢ 100 60
R2>\R3 -1 R2” “Re R. marinus NOD(Y32G) 7 200 A bl
, HGG wild type ND 0 “akA 50
-
S~cys Mb(HE4V/VEBA/D122N) ND Y Directed L
- $ evolution o
é Cytc a
8 R. marninus cyt ¢ wild type ND In vitro assay 1.0-mmol scale
Evolved alkyltransferase (?) : R ) P411-CHF in E. coli lysate P411-CHF in E. coli cells
‘ . marinus cyt ¢ ND AT 4°C
£5 (V75T/M100D/M103E) _
sz -~ v H. thermophilus cyt ¢ ND Sl 62% yleld, 1,000 TTN
i T P 96.7:3.3 e.r. 98.0:2.0 e.r.

Directed evolution significantly improved
the efficiency of the enzyme.

The design of enzymes are limited to
basing on natural reactions.

Zhang, R. K.; Arnold, F. H. Nature 2019, 565, 67-72.




ncAA (non-canonical amino acids) may solve the problem

Photocatalysis
0]

b ncAA-based enzyme design

Amine catalysis —— .- ncAA strategy

. . | - Nature’s strategy Ph
5 . EEB pBpF |
| | EEN . ST P

BA catalysis
OH

B
O/ OH

- Not found
,\‘—/ ] @ in nature

A study by Roelfes showed incorporation of boron into
enzymes as ncAA can achieve new-to-nature reactions.

Introduction

Boron designer enzyme

NUH Nu
HO HO
R

Racemic

Enantioenriched

Longwitz, L.; Roelfes, G. Nature 2024, 629, 824-829.

ncAA expanded the scope of artificial enzyme.

9



Combination of binders and ncAA may expand the function of binders Introduction

Catalyst

Enzymes catalyze natural chemical reactions with near-perfect
efficiency and asymmetric selectivity under mild conditions, such
as at room temperature and in water.

Programmability These two elements are utilized by
artificial enzymes.

Their function is determined by the sequence (a digital code) of
just 20 amino acids. This makes it highly compatible with design
and prediction using machine learning (ML).

Substrate recognition This feature is not fully utilized.

mm) | Incorporation of ncAA into
binding proteins may expand the
roles of them.

As exemplified by antibodies and receptors, it has an extremely
high ability to identify specific molecules with pinpoint accuracy.

10
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Il. Two examples of ncAA + binding protein of UAA

|. Introduction a Ccu?*
— " S
=
dsRNA
1><::

ll-1. endonuclease of non-coding RNAs

II-2. Light irradiation switch of protein

Ill. Summary and Outlook

Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14,3777.
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Endonuclease and short non-coding RNA Paper 1

Endonuclease
_ endonuclease
endonucleases are enzymes that cleave the phosphodiester o B o T T
bond within a polynucleotide chain (namely DNA or RNA). L L L L LLL LAl
https://medlifemastery.com/mcat/biochemistry/biotechnology/restriction-enzymes/
short non-coding RNA(e.g., siRNA, miRNA) [ e N
miRNAgene  —— MiR T
Short non-coding RNAs (ncRNAs) are dsRNA  TTTTTTTITTITTTTITITITITT § ey
functional RNA molecules of 20-30 nucleotides in length.  shrwa ) Ny ‘,,; S
They plays roles in regulating various biological processes, l@w | =
such as development, differentiation, carcinogenesis, and SIRNA " TIIIIIIT, @r”;i‘;{.{m) ) )
viral defense. Especially, siRNA and miRNA are involved in LV l(go) S p—
suppression of genes and draw attention as a target of _ o, PrcusormA )
oligonucleotide therapeutics. romise < —@Risc’ A T
¢ miRNA duplex Rilig
. - y > (miRNA-miRNA¥)
No naturally occurring endonuclease exists that catalyzes  sirna/mrna- Twrﬂi‘%) I~
oo . . . . complex ¥ - J
the specific degradation of either siRNAs or miRNAs. i ! v mRNAmature T
sliced

. . mRNA ¥ ) - ¥ lm_m
In this study, they developed an endonuclease which SILENCING FSER

. . https://www .gene-quantification.de/si-rna.html
cleaves si/miRNA.

mRNA degradation translational repression
e
K¢ g
N mina @) T

Venneri, M.; Passantino, A. Eur. J. Intern. Med. 2023, 113, 6-9.
12



In the previous study, cross-linking suppressor was developed

pl9

P19 is a viral protein which binds to small non-

coding doble-stranded RNAs its size dependently
and suppress siRNA's activity.

increased miR168 levels

!

AGO1

Paper 1

Dicer or DCL
dsRNA [T

RISC

In the previous study, they developed a protein
which binds to siRNA covalently by using ncAA

https://en.wikipedia.org/wiki/RNA_silencing_suppressor_p19

A o) o B
uv
RHN - — RHN -
NHR' -N SHR .
N NHR N
p-azidophenylalanine (AzF) Nitrene v
Site-Specific Incorporation )
Ring
Expansion
O
Nucleophile
RHN 7 o
ST \ . RHN
NHR =N R"XH,,
X=0,N,S
R"Hn.1)X
Crosslinked
Protein

:@/
1

Vs

|
N 4

mRNA of

Danielson, D. C.; Pezacki, J. P. FEBS Lett. 2013, 587, 1198-1205.

Ahmed, N.; Pezacki, J. P. Biochemistry 2019, 58, 3520-3526.
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In corporation of Cu'" Paper 1

Cu*
_\_\
dsRNA

binding
Site-specific incorporation
of UAA l >
P
I/\ \"J + ( %
=N I .
fL ¥ BpyAla is known
R-HN" “CO;R

for chelating Cu".

J\lw Base
a (o]
O\P/O
o=f,:_o_°” Ahmed, N.; Pezacki, J. P. Biochemistry 2019, 58, 3520-3526.
KE . K67 and T111 were chosen as the site of
_ _ _ incorporation due to their proximity to the bound
Incorporation of Cul) may achieve cleavage of siRNA. RNA

Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14, 3777. 14



Confirmation of its cleavage ability

Relative Fraction Bound

Relative Fraction Bound

1.5
{K,=2.4+0.63 nmol/L )
° [
1.0 .
0.5+
0.0 T T T T~ T T T T=T T TTTTm|
10" 101 10° 10% 107 10° 10%
[p19, T111BpyAla], M
1.5+
Ky=8.4:049 nmol/L_>
1.0
0.5
0.0+ T r=rrrrm
10" 10" 10° 10° 107 10° 10°

[p19, K67BpyAla]l, M

Kd is a measure of the binding
affinity between two molecules,
such as a protein and a ligand.

a lower Kd value indicates a stronger
binding affinity, while a higher Kd
value indicates a weaker binding
affinity.

Confirmed that the incorporation of BpyAla does
not spoil the binding ability of p19.

Paper 1
b
Cu2+
— -e2e or ==z
dsRNA E E
binding l "

siRNA cleavage visualization using
denaturing fluorescence gel

WT K67 | T111 | siRNA

—— 21 nts

)

The observation of two

_ bands mean that
T111BpyAla + Cu" could
cleave siRNA.

Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14, 3777. 15



Confirmation of its cleavage ability Paper 1

N iApoptosis:
d J . . > o A Cell cycle
Lyse cells ) Isolation and elution of y : S phase arrest
small RNA fractions o : :
Huh? cells | p-STAT3|  STAT3) . STAT3 is one of the
: Addition of p19-WT : — : . .
or p19-T111BpyAla ¢ ftargets of miRNA. miRNA
o | IO, @ i '
) : 1) ¢ suppress its expression.
) : miR-122-5p¢ socs11§
@ : ' S
e pp— S— S ST
7 IL-2 @ OIL- H H
Copies per reaction (Ct) ~ ° %@& Elnf:’ai;nor:l:et?ry:.
TN'G:J 2 ® " Liu, Y.; Yang, G. Ecotoxicol. Environ. Saf. 2021, 223, 112570.
-a :
— 5) :
qPCR Validation miRNA profiling RNAclean-up
Fold STAT3
change C 1.0- - d p=0.0449 e
. p=0.0053
b — 1.0 p— 2.0+
hsa-miR-421 S o c olo c p=0.0398
. ‘n O 0 ] '
hsa-miR-10b-5p g § ° § 1.5 T
hsa-miR-191-5p 3 5 S ®
w 0.5 X 0.5+ 5 1.0
hsa-miR-99a-5p (] w = o
£ 2 2
hsa-miR-106a-5p+hsa-miR-17-5p o = E 0.5+
o s &
hsa-miR-23a-3p o« &)
) 0.0- T i T
hsa-miR-122-5p s & & 0.0 ; N v}'b
hsa-miR-93-5p o‘é Qé" & < & o POy
o R\ & o Q
hsa-miR-130a-3p K2 N S
N IR
hsa-miR-194-5p < «\

p19-T111BpyAla

They concluded that both T111BpyAla and Cu") are essential for cleavage.

16
Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14,3777.



Cell experiment

Paper 1

Fold
change

hsa-miR-421

hsa-miR-10b-5p
hsa-miR-191-5p
hsa-miR-99a-5p
hsa-miR-106a-5p+hsa-miR-17-5p
hsa-miR-23a-3p

hsa-miR-122-5p

hsa-miR-93-5p

hsa-miR-130a-3p

hsa-miR-194-5p

p19-T111BpyAla

Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14,3777.

‘ This artificial protein can be utilized
for reducing HCV

miR-122 promotes replication of HCV virus by improving
HCV-RNA's stability and forming internal ribosome entry

site
Translation of host mRNA Translation of HCV-RNA

Translational repression

Cap—wr L——@—AAAA
HCV RNA
Cleavage ‘ eu—yp—T | et e § ’.%

Cap—'( %—AAAA

~

7 IRES
& 1Y Wy
- n _“_5‘;_ .
W
Dicer " f
RISC Moo TEie
Pre-miRNA i) y©  Translational enhancement
Pri-miRNA -\) i
Drosha/DGCR8 (Y miR122 “
! asaa  Exportin5/RanGTP S

miRNA gene

Fukuhara, T.; Matsuura, Y. J. Gastroenterol. 2013, 48, 169-176.
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Cell experiment Paper 1

E9 HCV Subgenomic Replicon

a pFK-1389neo/luc/NS3-3'/5.1
_SUTR__| e -— NS3 l 4A|4B INssA |N353 —  HCVreplication levels can be visualized by
HCV IRES EMCV 3-uTR the amount of luciferase luminescence.
IRES
HCV JFH1;
5-UTR
c| E1| E2 |p7| st| NS3 |4A| NS4B I NSSAI NS5B _—
HCV IRES 3-UTR
C __ E9 Subgenomic Replicon d HCV JFH1 IRES

=

- -

s p=0.0102 15

= &

® 1.0- o

[<}]

8 z

Q o

S 0.5+ 2

- e

> =

5 0.0-

[¢}]

4
00
\0}‘ Ahmed, N.; Pezacki, J. P. Nat. Commun. 2023, 14,3777.
Q
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Short summary Paper 1

summary

* They succeeded introducing cleaving ability to p19, which only could recognize siRNA, by incorporating Cu'".
* They confirmed that the decrease of miRNA by the protein leads to the increase in STAT3 expression.

* They confirmed that the decrease of miR-122 can inhibit the proliferation of HCV.

cu2+
— % —
. . . - . . dsRNA
They introduced unnatural function (cleaving ability=inducing binding
. . . . . . Site-specific incorporation
chemical reaction) into a protein by incorporating ncAA of UAA l it

4 s
ope . .= /N
Expanded the ability of protein R,_HNJ\/O/O

|
CO,-R

perspective -

19
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Il. Two examples of ncAA + binding protein

lI-2. Light irradiation switch of protein

= =
P34 =
© ©
© (4y]
T T
0 R
= / 5 K
time [min] time [min]

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.
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N=N bond isomerization

Paper 1

O

o

N=N bond isomerization of azobenzene is
widely utilized in the research of receptor.

P

“\/- linker ©

HisH inactive

h
L Y
benzylguanme azobenzene
inactive ligand ' THC

active

S

real-time cAMP modulation
v'endogenous CBiR v'light-dependent

v’ no CB1R internalization v’ fully reversible
Garza, S. J.; Frank, J. A.J. Am. Chem. Soc. 2025, 147, 23482-23491.

HisH active

0]
AzoPhe - -
o 365 nm Q O/\‘/lo
. +
N N NH, 420 am NH,

Birch-Price, Z.; Green, A. P. Chem. Rev. 2024, 124, 8740-8786.

Hoppmann et al. (2014) - MmPyl-RS

PSD* n.d. o PSD** n.d. Cl Q
- QA = .
. /\©/N¢N NH, Nay NH,
. N z
PSD‘” n.d. PSD? n.d.
Xiong et al. (2022) - MmPyI-RS Zheng et al. (2023) - MmPyI-RS

PSD"" 24E:762Z PSD“* 57E:43Z
Q"’" 0E:100Z E PSD"’ 0E:100Z

Janosko et al. (2023) - MmPyI-RS
Strugach et al. (2023) - MjTyr-RS AapF

PSD* 9E:91Z
\N-n

PSD”" 96E:4Z

Simeth, N. A.; Kneuttinger, A. C. Chem. Eur.J. 2021, 27, 2439-2451.
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Outline

Paper 2

Allosteric site

HisH and HisF complex (Imidazole Glycerol Phosphate Synthase)

C . . . A R o o OH
An allosteric site is a specific region on an R 1o S L
. . o 4. O .
enzyme or other protein that is distinct _ . 0 /DO/\EI?
. . . . . z =N o ImGP H

from its active site (or orthosteric site), to OH H P HN  NH,

. o
which a regulatory molecule (an "effector" ] ,o’\(_f ,,,FAR/Q, osd O'\@’N\; o

n " . . 0—ﬁ~O‘Hd¢‘ D AICAR O - N
or "modulator") can bind to influence the l o W on

geactivation

protein's activity.

Allosteric inhibition

Enzyme

. ’ Allosteric
Aptwe / site
site w T
l Inhibitor
Substrate

7-

Altered active site

https://www.vedantu.com/question-answer/allosteric-enzymes-have-allosteric-sites-for-a-
class-11-biology-cbse-5f67fd5 7ee e2a 366 06f 544 ec

HisH and HisF complex is widely
Allosteric activation

Enzyme " researched as a representative of
3
6 s allosteric control.
An(‘ered'— % 5? .
eeste T 2 o\\?’éb m) Its signal pathway and structure are

already known.

Activator

Substrate

NHs NH*

Active site

Glu

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.



Substitution candidates

Paper 2

A AzoF
e I Simulated by in silico, as its overlap
N NHy*  ~e—— o . . . ...
_— @’ . a200m N ne  With other residues is minimized
fK13 i o
. NBY o
H | SF NH;* _>365nm o .
©\/\° o NHs* Substitute Tyr; fY39, fF23 and
nor 0 fD74(a phenylalanine in yeast ImGPS)
fKk99 Ny o 0
0 NH3* ¢> (o}
<OI>\/N:° HO NH,"
mNPK JOL P:CH:," P-_JH;,’
0 0~ °N N O 3650m o H,N N O
% "o, Y Y ubstitute Lys; fk13, K19, and fK99
A /Q/\HL H 0

NBY
fF23NBY: 30,257 Da (+PTM: 30,272 Da)
fY39NBY: 30,241 Da (+ PTM: 30,256 Da)

Binding site with HisH is avoided not
to interfere with binding to HisH.

(]

-terminus
H

Sn-terminus

Crr
NH,

reduced NBY
fF23NBY _: 30,227 Da (+PTM: 30,242 Da)
fY39NBY . 30,211 Da (+PTM: 30,226 Da)

o-nitrosobenzaldehyde

primary amine
e.g. lysine
(e.g. lysine) H,0

N /protein

CL.

o-nitrosobenzimine (NBI)

decaged NBY
fF23Y: 30,122 Da (+PTM: 30,137 Da)
wt-HisF: 30,106 Da (+PTM: 30,121 Da)

NBY is easy to be reduced.

=) NPY, more stable, is used.

fF23Y ., 30,239 Da (+PTM: 30,254 Da)
wt-HisF . : 30,223 Da (+PTM: 30,238 Da)

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.
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Filtering promising candidates Paper 2

A B
- E Bl v, [ dhvy,
S55 3 fK13mNPK and
fK13 T fK19mNPK did not
c
. E. express well.
HisF =~
>
E:
fK99 %
HisH’s T 1
turnover
number
0
T T T T > > > >[>|x
§83 53 3205/818 -
© S0 Q8 X QI8|E| GDH activity assay
R R £ xoEle3

They filtered candidates by 2 criteria.

1. At least 20% wild-type (WT) HisH activity had to be retained
in IMGPS complexes containing the irradiated caged UAA-HisFs
or the more active isomer of AzoF.

2. HisH activity was altered at least 1.5-fold upon irradiation (light
regulation factor [LRF]).

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514. 24



Confirmation of complexes

A — wt-HisF B - wt-HisH c + wt-HisH
—fY39NPY 18 wt HisF " wt-HisF
— fKO9MNPK ] 20
12 5+
— — 0 —_ 8 J\ ——
5 g 5 15; 855AzoF -5 401 fS55AzoF
g 7 £, 101 8,904 f E
° Q 51 ()
NE 4 c O i 8 01 : N : " —
; IS 18 fY39NPY IS 40+ fY39NPY
g 0. 2 s A 227 A\
e < 0 < 01 e e —]
i) 151 fK99mNPK 48 1 fKOIMNPK
Q 107 20+ / 5
O 51
-8 0 01 ‘

190 210 230 250 § 9 10 11 12 13 14 8 9 10 11 12 13 14
Wavelength [nm] Retention volume [mL] Retention volume [mL]

All spectrums are alike.

mm) Most of the protein molecules
form complexes.

mm) All proteins have similar conformations.

AzoF 0 NPY 0  mNPK o NH;*

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.

Each spectrum has almost one peak.

O
=
©

o
fo'

=
o

Fluorescence ratio
350 nm /330 nm [F.U.]
o)

\'

=
o

005-
0.04 4
0.03-
0.02-

First derivative
f'(350 nm / 330 nm)

o
(=
o€

0.00+

— wt-HisF: T =93 °C

—— fS55AzoF ai: T =88 °C

— fY39NPY ai: T_=88 °C
fY3ONPY hv: T =93 °C

— fKO9mNPK ai: T =83 °C
fKO9MNPK hv: T =93 °C

60 65 70 75 80 85 90 9
Temperature [°C]
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Activity control by light irradiation was observed

o f o
— O' NH "
Ns NH;’ —~——— o} (o) 3
©/ N 420nm  Ns NHs* <
N o

Absorbance,, [a.u.]

Absorbance,, [a.u.]

365nm

ImGPS(fS55Az0F)

negative control: 4.5 min’
irradiated: 4.2 — 0.4 — 3.3 min™'
positive control: 0.7 min~'

0.20
0.15
0.104 *+ corhplex hv,, "vs/
0.05-
/""—’-'N
0.00 . : . ]
0 20 40 60 80 100 120
Time [min]
10x
pH 7.0TlpH 8.5
2x
—— negative control: 1.5 min~’
— irradiated: 0.9 — 0.5 — 0.7 min™’
——— positive control: 0.8 min~'
0.20
0.154
0.104 + complex hv,, hvye
0.05-
——-—"/

0 20 40 60 80 100 120
Time [min]

Absorbance,,, [a.u.]

Absorbance, . [a.u.]

NPY (o}

NO;

ImGPS(fY39NPY)

~——— positive control: 4.4 min™'
—— irradiated: 0.8 — 4.8 min™'
— negative control: 0.7 min~'

0.15
//
0.10 //
+ complex /{vUV
0.05- //
fi‘//
0.00 — r

0 20 40 60 80 100 120
Time [min]
6x

pH 7.0 TlpH 8.5

5x
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— irradiated: 0.4 — 2.0 min™’

—— negative control: 0.2 min~!
0.15

+ complex hv

0.051

0.00

0 20 40 60 80 100 120
Time [min]

.
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Absorbance, . [a.u.]

OJL .

N
H
NO,

ImGPS(fK99mNPK)

——— positive control: 9.2 min~"
—— irradiated: 2.9 — 9.1 min™'
— negative control: 3.0 min~'

0.4
0.31
By + complex e,
0.14
0.01 > r T T
0 20 40 60 80 100 120
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3x
pH7.0 TlpH 8.5
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+ complex h\’/
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Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.

+

3
o-
o

GOX/HRP assay

Paper 2

They succeeded controlling
enzyme activity by light
irradiation.
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Reaction efficiency was measured Paper 2

ProFAR-Dependent HisH Activity (pH 7.0)°

A 0o o OH
0K~ 1o Osd
—~0 N
Protein State Keaye (min™!) K, PrFAR (uM)  LRF ] 0 i I B
i N/§N>_8=o ImGP N "
WT-ImGPS 16.8+£ 0.3 32.8+1.2 A(E?»N =5 ? - " NH,
P N e T Os¥ NN
"N S r ~ e
ImGPS(fS55Az0F) E 5.4+ 0.4 19.5+ 3.8 2.3 T o ACAR °/\<—7‘ "
geactivation HO oH
Z 2.3+0.2 351+5.0
ImGPS(fY39NPY) 32.3+4.2 5.9
28.7+4.2
ImGPS(fK99mNPK) 19.6+ 3.7 4.0 2 ﬂ
’.’ooe
321+3.2 0 @
H,0 + -O/U\:/\/U\NH2 _
NH,*
GIn
These values should be the same as WT’s one. saturated

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.
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Optimization of reaction conditions

A

Absorbance [a.u.]

0.3

0.24

0.1+

0.0

fS55AzoF
ai
365nm40 S

— 365nm10_30 S
e — 420nm10_30 S

V

250 300 350 400 450 500 550
Wavelength [nm]

Neither longer irradiation times nor a stronger light source led to complete decaging.

Absorbance [a.u.]

0.24

0.14

0.0

fY39NPY

ai

3650m30 min
— 365m1_5 min

o

250 300 350 400 450 500 550
Wavelength [nm]

WT fY39NPY fk99mNPK
keat(Tablel) 16.8 7.0 14.0
ratio of ket 100% 41.70% 83.30%
reduction rate 0% <=10% <=10%
decaged rate 100% 27% 70% protein_

The reason why decaged protein’s values did not
reach WT’s is that caged protein remained.

Absorbance [a.u.]

0.2

0.1

0.0

fK99MNPK

ai

3650m30 min
36501 5 min

fK99 is in the surface of the protein
while fY39 is in the inside of the

250 300 350 400 450 500 550
Wavelength [nm]

Kneuttinger, A. C.; Sterner, R. Cell Chem. Biol. 2019, 26, 1501-1514.
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Short summary Paper 2

summary

* They incorporated photo sensing ncAA into a protein.

* They succeeded regulate ptrotein’s activity by light irradiation.

* The protein just incorporated ncAA could not reach WT’s efficiency.

perspective

They make it possible to artificially regulate protein’s
activity by external stimulus(photo irradiation) by

incorporating ncAA.

Expanded the ability of protein by ncAA

HisH activity

HisH activity

._/

time [min] time [min]
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Today’s contents Contents
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|. Introduction

II. Two examples of ncAA + binding protein
lI-1. endonuclease of non-coding RNAs

II-2. Light irradiation switch of protein

lll. Summary and Outlook
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Summary and outlook Paper 2

Light Regulation of Enzyme Allostery through

An unnatural enzyme with endonuclease activity
Photo-responsive Unnatural Amino Acids (paper2)

towards small non-coding RNAs (paperl)

Cu*

_L_\
dsRNA
binding

Site-specific incorporation
of UAA l >
L ( g £
e : g g
R-HN™ “CO,R p / T
time [min] time [min]
Ahmed et al. introduced unnatural function , , , e
) I . . : Kneuttinger et al. made it possible to artificially regulate
(cleaving ability=inducing chemical reaction) - . . . e
protein’s activity by external stimulus(photo irradiation) by

into a protein by incorporating ncAA : _
incorporating ncAA.

‘ Incorporation of ncAA can introduce additional functions into proteins while keeping proteins

substrate recognition ability.
31



Summary and outlook

summary

Methods to incorporate unnatural
moiety into proteinsis not only ncAA

N3
o

H;*N
AzAla

0

a

o
tooX o)
Ns | o* ,N:C>§_JO_/<
H N, | O*

SPAAC

Brouwer, B.; Drienovska, I. Chem. Rev. 2024, 124, 10877-10923.

2 incorporation by click reaction make
directed evolution complicated.

‘ Other big chemical catalyst may be able to
utilize this method.

merit

v’ Substrate recognition
v’ Utilization of protein pocket as reaction field
v Powerful optimization by directed evolution

demerit

* Increase in molecular weight

e Difficult to handle

* Incorporation of big moiety by mutations
may result in undermine substrate
recognition ability

32



Thank you for your kind attention!
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