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Protein Analysis Technique Based on Latent Luciferase Activity
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Bioluminescence is the emission of light resulting from the oxidation of
luciferin®' by the catalytic action of the enzyme luciferase. During the
development of bioluminescence imaging*? techniques, the author observed
that luciferin can emit light even in the absence of luciferase. Building on this
finding, the author discovered that proteins other than luciferase possess
pseudo-luciferase activity, that is, they catalyze the luminescent reaction of
specific luciferins. This study exploits the intrinsic pseudo-luciferase activity
of proteins to develop a luminescent assay for quantifying their abundance
and structural changes by mixing luciferin with the sample. This article
outlines the principles and applications of this technique and discusses its
potential use in rapid diagnostics and quality control of biopharmaceuticals.

*1 Luciferin: a class of substrates for enzyme luciferases that emit light upon oxidation.

*2 Bioluminescence imaging: a technique based on the addition of luciferin to cells or
organisms engineered to express luciferase, enabling visualization, for example, of cancer
cells in vivo.
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B : Protein of interest-dependent luminescence achieved by R,—R; modification
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Figure 1 (A) Bioluminescence scheme of Cypridina hilgendorfii, a luminous marine organism: Cypridina luciferin
is oxidized in the presence of Cypridina luciferase, producing light. The red region represents the
imidazopyrazinone ring. (B) Concept of this study: Modification of the C-2, C-6, and C-8 side chains (Ri—
R;) of the imidazopyrazinone ring to develop luciferins that are oxidized and emit light in the presence
of target proteins, enabling their application to protein analysis.

16 | Readout No.61 March 2026



HORIBA Technical Reports

TAIWVADE 2 INJEDEEFEKXD

20194F 1238 L 728l a1 -7 A )L A EgE (COVID-19)
iZ, SARS-CoV-2 I2X»CHl&#RI &N, 74 VA RNA
RUR AR & L72iG# - B o 2 2 BRICO %
Dotz TH, A NVARRHFAET B AL 7 & X
JHEE, A NVAREEMIEICRASE D ETEERE
FAR KT LS, 1B - BRHEAMHEO L TEER S
Y E L TR SN TEZ. WL O OREERITIC &
0, A4 7 5 oS FIITEEOBUKYER T v N AEAE
L, ) /= VEERIZILOETLEHR) N Y KWEET 5
ZEPpHEINTYwLY, T, 13V Y VB
GV 7 2) YOS, BKMER 7 v b ATERL
FInDe L TULETHLZERHMOLNTWS, 2 TR
WFgeix, 284 7 % 287 BOBOKERr v MCEET S
BEEEZFEON L T2 ) V@RS LI LT, A 75
N BEORPIN Y 7 25— B E R L 22E,

A
40
o 30 OQ—\
- N
[ NN
H
8 — QEJLVT
S 20- A #
X]
% Cypridina Luciferin
n 104 (Natural luciferin)

H, <+—

AIFVETY ) VREFT LN 7 2 Vi, BREDS
DR T-Z LI Lip\nicd, A8 257 NgFe vy
Tx) Y RAET AT THEEOERZIMNITE %, 22
T, HEEYWHKOA IV IES Y ) VRV T 2) VT
»HbtL 75T (Coelenterazine: CTZ)®, W Ik4% )L
V7)) y, SHIZINSOMEE N THICSRE L 72H
SRR HOAE3EED LY 7 1) LIZOWT, AN S
5 N L DFNE L 72 (Figure 2A) o Z DfER, 38
TR L72DIZTIFRINVINVT T2 v DRTH o7
(Figure 2A)o 2D Z k725, SARS-CoV-2 DAL 7 %
UOSTREICE, UIRIVLTY T ) YOS E RIS
i3 BV > 7 = T — BRSPS 5 2 & R W
L7z AN 025 VN0, 9IFINVNVY T 2T7—F
ERIBEIS, "IRFINMNLY 7)) U EFOHIZEBSE,
EHIHEBRENZ L2, wIRF V7)) Vidke MEE
WHICEENDL Y VN E(a-TIT—ERLTF Vi &)

CRLITIVL AT ITTRRERMII A 2B E, BLDFR
KEMTHRIBSIATVWEIRADILS T >

Imidazopyrazinone-type luciferins

B 4 Saliva

g 80 +
g) Luciferin
S
= ®
; v V4
w
2 204 °

= i)

43 g

s L

~ B
el
8
§ 10
Q
o
=
8 R2=0.988
g
g 0 T T T T

0 10 20

S protein detected by ELISA[pug/mL]

C
RBD/NTD
SD1/52 interface
interface ﬁ
S2/S2 %
interface ;

Figure 2 (A) Luminescence response from SARS-CoV-2 spike (S) protein treated with imidazopyrazinone-type
luciferins. The signal-to-noise ratio indicates the ratio of the total luminescence of the luciferin/S
protein pair relative to that of luciferin only. (B) Correlation between the measured concentrations of
SARS-CoV-2 S protein using our developed luminescence assay and ELISA. The inset a depicts the
luminescence assay scheme. (C) Docking simulation of luciferin with S protein.
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A : Imidazopyrazinone (IPT)-type luciferins found in nature for luciferases

Ly " @i
N HO'
H

Imidazopyrazinone

A\

2

Renilla luciferase

O
NN
11
H
HO,SO

0SO;H

\ o}_?_/

NN
Ny
7 N b
HN NH

Watasenia luciferase Cypridina luciferase

B: Artificially developed IPT-type luciferins for other proteins

Structural
modification

SARS-CoV-2 S protein

e
NN
A
N
H

HSA

Figure 3 Molecular design of luciferins found in nature (A) and those tailored for protein analysis (B).
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Figure 4 (A) Human serum albumin (HSA)-selective luminescence of artificial luciferin created by

modifying the side chains of the natural luciferin CTZ. (B) Luminescence response with (/)
and without the binding drug (/o) (C) Docking simulation of artificial luciferin with HSA.
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Figure 5 (A) Changes in the luminescence color of artificial luciferin depending on the structural states of IgG. (B)
Binding pose of artificial luciferin at the hinge region of IgG obtained from MD simulations. (C) Spectral
shift of the emission associated with denaturation of a therapeutic antibody.

20 | Recclout No.61 March 2026



HORIBA Technical Reports

BHELTEALLZALVY 72 v 2% L
(Figure 5A). TPA F(I/HBAEL (R A b L A R 5
BE) I L > T TWNHEEZ R L, HOMO-LUMO/Y >~
Ky 7 BB s e E2 #o, COMHEZFML
IgG OHEREZEALAS TPA A AL CTATILVY 7 21) VD5
WWEZZIL S D 2 L 2 L7,

WiFR@E Y, B LAY 72 Vi, 1gG & 30BEUG
R L, IEH 7% 1gG TldskEIet, #CcEMSE721gG T
FHEESLE R L7 (Figure 5A) . 2D X 9 IZRFZETIL,
IgG O ZFNEIC L > TR TE A2 ATV Y 72 »
DORFIZO R L7zs 512, T 8J)% (molecular
dynamics: MD) ¥ I alb—Y a3y ™zky, v 72y v
12 TPA 24 1L T 1gG Db v VHEE S L XN 2 Bk
Ry MIHEETAHZ ENTH &7z (Figure 5B), 20
by VB BB EEER T ICOEENL, o T,
ANTNVY 72 % HVDZET, PURESS O NE S
LUEETH L EE 272,

PURESEMIE, FICIgGRIEIZHEENTEB Y, BAREHM
L &9 fEZ EDMRIEWEIFO BRI SN Tw5b, IgG
123420 Y 7 7 5 A (1gG1, 1gG2, 1gG3, 1gG4) H3d 5 A%, #T
RESE NI, 1gGl, 1gG2B & VIgG4 %I I N T 5D,
FIT, SINLDH T T A% IS S Nz ESR S E )
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Key features:
— Simple luciferin-addition only

— Rapid detection within minutes

Issues:
— Complex experimental procedures

— Long measurement time (2—3 hours)

Figure 6 Comparison of the present technique with the conventional protein analytical method ELISA.

¥

&3k

[1] Shimomura, O. Bioluminescence: Chemical Principles and
Methods. Bioluminescence: Chemical Principles and Methods
2006, 1-471. DOL: 10.1142/9789812773647_0001

[2] Nishihara, R.;; Paulmurugan, R.; Nakajima, T.; Yamamoto, E.;
Natarajan, A.; Afjei, R;; Hiruta, Y.; Iwasawa, N.; Nishiyama, S.;
Citterio, D. Highly bright and stable NIR-BRET with blue-
shifted coelenterazine derivatives for deep-tissue imaging of
molecular events in vivo. Theranostics 2019, 9, 2646-2661.
DOI: 10.7150/thno.32219

[31 Nishihara, R.; Suzuki, H.; Hoshino, E.; Suganuma, S.; Sato, M.;
Saitoh, T.; Nishiyama, S.; Iwasawa, N.; Citterio, D.; Suzuki, K.
Bioluminescent coelenterazine derivatives with imidazopyra-
zinone C-6 extended substitution. Chem. Commun. 2015, 51,
391-394. DOL: 10.1039/C4CC06886F

[4] Toelzer, C; Gupta, K;; Yadav, S. K. N; Borucu, U.; Davidson, A. D
Kavanagh Williamson, M.; Shoemark, D. K.; Garzoni, F;
Staufer, O.; Milligan, R.; Capin, J.; Mulholland, A. J.; Spatz, J;
Fitzgerald, D.; Berger, I; Schaffitzel, C. Free fatty acid binding
pocket in the locked structure of SARS-CoV-2 spike protein.
Science 2020, 370, 725-730. DOT: 10.1126/science.abd3255

[5]1 Nishihara, R.; Dokainish, H.; Kihara, Y.; Ashiba, H.; Sugita, Y;
Kurita, R. Pseudo-Luciferase Activity of the SARS-CoV-2
Spike Protein for Cypridina Luciferin. ACS Cent. Sci. 2024,
10, 283-290. DOTI: 10.1021/acscentsci.3c00887

[6] Nishihara, R.;; Niwa, K.; Tomita, T.; Kurita, R. Coelenterazine
Analogue with Human Serum Albumin-Specific Biolumines-
cence. Bioconjugate Chem. 2020, 31, 2679 -2684. DOI: 10.1021/
acs.bioconjchem.0c00536

[71 Nishihara, R.; Niwa, K.; Tomita, T.; Yamamoto, E.; Kurita, R.
Discovery of Pseudo-Luciferase Activity in Immunoglobulin
G (IgG) and Its Application to the Detection of IgG Denatur-
ation. Anal. Chem. 2025, 97, 9935-9943. DOI: 10.1021/acs.
analchem.5c00646

22 | Readout No.61 March 2026

[8]1 Ghuman, J., Zunszain, P., Petitpas, 1., Bhattacharya, A.,
Otagiri, M., and Curry, S. Structural basis of the drug-bind-
ing specificity of human serum albumin. /. Mol. Biol. 2005,
353, 38-52. DOI: 10.1016/].jmb.2005.07.075

[9]1 Kihara, Y.; Kurita, R.; Nishihara, R. Caged luciferin for the
detection of albuminuria based on the pseudo-esterase/
luciferase activities of albumin. Bull. Chem. Soc. Jpn. 2025,
98, uoaf074. DOT: 10.1093/bulcsj/uoaf074

[10] Nishihara, R.; Kurita, R. Mix-and-read bioluminescent copper
detection platform using a caged coelenterazine analogue.
Analyst 2021, 146, 6139 -6144. DOT: 10.1039/D1AN01292D

[11] Kurita, R.; Nishihara, R. Dry chemistry utilizing artificial
luciferin for human serum albumin quantification. Sensors
and Actuators B: Chemical 2025, 423, 136700. DOI: 10.1016/
j.snb.2024.136700

P BR
Dr. NISHIHARA Ryo
[E| SR B S8 N EESE R & if 72T
FERREE T 22581

) FALIIZE R

V/ Senior Researcher )
‘. Health and Medical Research Institute, National

Institute of Advanced Industrial Science and

Technology (AIST)



