






Extended Data Fig. 9 | Design and characterization of SARS-CoV-2 RBD 
sensors. a, Experimental screening of de novo sensors for the receptor- 
binding domain (RBD) of the SARS-CoV-2 Spike protein. All designs were 
experimentally screened for increase in luminescence at 20 nM of each lucCage 
design and 20 nM of lucKey in the presence of 200 nM RBD. The luminescence 
values were normalized to 100 in the absence of RBD. This experiment was 
performed in duplicate in two independent instances, representative data are 
shown. Design lucCageRBDdelta4_348 was selected as the best candidate due 
to high sensitivity and stability, and was named lucCageRBD. b, Structural 
model of lucCageRBD composed of the LCB1 binder (magenta) grafted into 
lucCage (blue) comprising a caged SmBiT fragment (gold). The black boxes 
show a close-up view of the interface of Cage (blue) and LCB1 binder (magenta) 
in the lucCageRBD design. c, Determination of lucCagerRBD’s sensitivity. 
Bioluminescence was measured over 10000 s in the presence of serially diluted 

RBD protein. From top to bottom - lucCageRBD:lucKey concentration (nM) = 
1:1, 1:10, 10:10. d, LOD calculations for the sensor at different concentrations. 
From top to bottom - lucCageRBD:lucKey concentration (nM) = 1:1, 1:10, 10:10. 
e, Bioluminescence images acquired with a BioRad ChemiDoc imaging system. 
Changes in bioluminescence intensity levels were detected as a function of  
the concentration of RBD with lucCageRBD at 1 nM and lucKey at 10 nM.  
f, Detection of RBD in 10% simulated nasal matrix. Left: Bioluminescence was 
measured overtime in the presence of serially diluted RBD protein. Right: LOD 
was calculated to be 12 pM. g, Detection of spike protein in a 20% diluted pooled 
serum. Left: Bioluminescence was measured overtime in the presence of 
serially diluted HexaPro spike protein. Right: LOD was calculated to be 47 pM. 
All experiments were performed in triplicate unless otherwise indicated, 
representative data are shown, and data are presented as mean values +/- s.d.ACCELE
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Extended Data Fig. 10 | lucCageRBD tunability by varying the lucKey length 
(KCK) and lucKey concentration (a-c) and the comparison of bioluminescent 
signals over a range of lucKey concentrations in the presence of target at 
saturating concentration (d-g). a-b, Experimental evaluation of the effect  
of KCK on the dynamic range (DR) of lucCageRBD to detect monomeric 
SARS-CoV-2 RBD. A truncated lucKey (short lucKey), 14 residue shorter than the 
full-length key at its C-terminus (b), provides better dynamic range than the 
full-length lucKey (a) owing to reduced background signal, as predicted by the 
simulation in Extended Data Fig. 1f while the LOD remains the same. c, The 
effect of lucKey concentration on the dynamic range. Decreasing lucKey 
concentration increases the dynamic range of lucCageRBD due to reduced 
background signal, but with accompanying reduced maximum 

bioluminescence signal. d-e, lucCageRBD (1 nM) was incubated with RBD  
(20 nM, d) or spike protein (20 nM, e), which are expected to result in full 
reconstitution of the luciferase activity. In the presence of spike protein, the 
same sensor was unable to yield the maximal bioluminescent signal, 
suggesting the effect of factors not captured by the simulations such as steric 
hindrance against complete luciferase reconstitution. f, lucCageHBVα (1 nM) 
incubated with 50 nM of the HBV antibody HzKR127-3.2 shows almost complete 
activation, but suffers from high background signal. g, lucCageTrop (1 nM) 
shows non-ideal background signal and moderate target-driven activation in 
the presence of 20 nM cTnI. All experiments were performed in triplicate, 
representative data are shown, and data are presented as mean values +/- s.d.
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Extended Data Fig. 11 | See next page for caption.
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Extended Data Fig. 11 | Integration of Antares2 as the internal reference for 
calibration of lucCageRBD in different biological matrices. a, The 
bioluminescent emission spectra of lucCageRBD (Left) in response to varying 
concentrations of RBD. Antares2 is an efficient CyOFP1-teLuc-CyOFP1 BRET 
system40 with a peak emission at 590 nm (Middle). The emission spectra were 
recorded from a mixture of lucCageRBD and lucKey (both at 1 nM), Antares2 
(0.1 nM) and RBD at varying concentrations (Right). By acquiring the individual 
signal from 470/40 nm and 590/35 nm channels, the intensiometric responses 
from lucCageRBD were converted into ratiometric readouts. b, Equations to 
calculate the spectrally unmixed ratio. The total signal from the 470/40 nm 
channel (T470) is the sum of the signals from the lucCageRBD sensor (I470) and 
the Antares2 reference (R470), while the total signal from the 590/35 nm channel 
(T590) is equal to the sensor signal (I590) plus reference signal (R590). Since 
lucCageRBD gives negligible emission at 590/35 nm channel, T590 is 
approximately equal to R590 (R590>>I590). R470 is R590 × f, a predetermined 
constant for Antares2, and therefore the unmixed ratio (I470/R590) could be 
calculated in real time during signal acquisition. The constant f for Antares2 
was consistently determined to be 0.43 by either recording the full spectra or 

from the filter set. c, RBD at varying concentrations were spiked in 50%, 25%, 
10% pooled serum or in 20% simulated nasal fluid. Absolute bioluminescence 
intensities and the emission kinetics were different across the matrices due to 
matrix inhibition effect and substrate turnover52. In contrast, calibration  
with Antares2 resulted in stable ratiometric signals (I470/R590). d, The 
bioluminescence intensity of lucCageRBD at saturating RBD concentration 
(green curve) is ~20 folds higher than the background level. Reporting the raw 
ratio (T470/T590) as a function of the RBD concentration compromises the sensor 
dynamic range (black curve) due to a significant emission at 470/40 nm channel 
(R470) from Antares2. After calculation and conversion of the unmixed ratio,  
the dynamic range becomes ~20 folds over the background with ratiometric 
readouts (magenta curve). e, Detection of spiked RBD in four different 
anonymized human sera (50%) shows that calibration using spectrally resolved 
Antares2 as an internal reference can minimize the variations of the 
intensiometric bioluminescence in these matrices. Bioluminescent signals 
and s.d. were measured in triplicate, and a representative one is shown for 
emission spectra and emission kinetics, respectively. Data are presented as 
mean values +/- s.d.
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