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Supplemental Figure 1. Stability of BABI. The emission spectra of BABI (A) and BABI reacted with 200 µM UCBR (B). 
Luminescence was measured using BABI stored in -80 C for 1 week (black) and 3 weeks (gray) after purification. Calculated 
ratio (530/460 nm) from A and B (C). The emission ratio of 1. BABI stored for 1 week, 2. BABI stored for 3 weeks, 3. BABI 
stored for 1 week with UCBR, and 4. BABI stored for 3 weeks with UCBR. The average and standard deviations are shown for 
n = 3. 
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Supplemental Figure 2. Linker optimization in BABI with additional amino acids. (A) Schematic structure of BABI 
variants with different linker sequences. (B) Ratio of bioluminescence intensity (530/460 nm) of each variant. These counts 
were measured from E. coli colonies after reaction with UCBR. The averaged data and standard deviations are shown for n = 
3. 
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Supplemental Figure 3. Effect of biliverdin on the reaction of BABI with UCBR. (A-E) Emission spectra of BABI, BABI+5 
µM biliverdin (BV), BABI+10 µM BV, BABI+200 µM UCBR, and BABI+200 µM UCBR+10 µM BV. The BV concentrations in the 
sample were in or higher than the range of it in newborn blood (0-6 µM).1 The reaction condition was same with 2 µM BABI 
condition in Figure 3A. Bioluminescence intensities measured by a micro plate reader were normalized at the iso-emissive 
point (510 nm). (F) The emission ratios (530/460 nm) of BABI calculated from the spectra of A-E.  The average and standard 
deviations are shown for n = 3 
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Supplemental Figure 4. Dose-response curve of BABI and Nluc to UCBR. (A) Normalized bioluminescence intensity 
(Normalized BI) at 530 nm of BABI reacted with several concentrations of UCBR. The intensity was normalized at iso-
emissive point (510 nm). (B) Normalized bioluminescence intensity at 530 nm of Nluc reacted with UCBR. The intensity was 
normalized at 510 nm. The averaged data and standard deviations are shown for n = 3 
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Supplemental Figure 5. Dose-response of Nluc emission to UCBR. (A) The emission spectra of Nluc mixed with several 
concentrations of UCBR. The intensities were normalized by the intensity at 460 nm. (B) The emission ratio (530/460 nm) 
calculated from the spectra A. The average and standard deviations are shown for n = 3 
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Supplemental Figure 6. Time-dependent changes in the emission ratio of BABI with blood. The emission ratio 
(530/460 nm) of BABI reacted with mouse blood spiked with UCBR for several minutes. The average and standard deviations 
are shown for n = 3. 
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Supplemental Figure 7. BABI reaction using different substrates. (A) The time-dependent changes in the intensity of 
BABI with substrates, coelenterazine-h (black) and furimazine (gray) measured by a microplate reader. (B) The time-
dependent changes in the intensity of BABI reacted with 3 µL of 200 µM UCBR with substrates, coelenterazine-h (black) and 
furimazine (gray). The condition of solution is the same with 2 µM BABI in Figure 3A.  The average and standard deviations 
are shown for n = 3 
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Supplemental Figure 8. Time-dependency of the intensity and emission ratio of BABI. The time-dependent intensity of 
BABI measured using an emission filter for 460 nm (A, B), and for 530 nm (C, D), and the calculated ratio from A and C (E, F).  
BABI (gray) and BABI reacted with 3 µL of 200 µM UCBR (black) was evaluated. The average and standard deviations are 
shown for n = 3. 
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Supplemental Figure 9. Ratio change of BABI by UCBR. The ratio of bioluminescence intensity (530/460 nm) of 2 µM 
BABI reacted with several concentrations of UCBR measured by a multichannel spectrophotometer. The fitting curve was 
calculated according to supplemental Note 2. The averaged data and standard deviations are shown for n = 3 
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Supplemental Figure 10. Emission spectra of BABI reaction with blood spiked with UCBR. (A) Bioluminescent spectra 
of BABI reaction with mouse blood, measured by a multichannel spectrophotometer. The intensity was normalized at the 
iso-emissive point. Y-axis shows the normalized bioluminescence intensity (Normalized BI). (B) Changes in the normalized 
BI of BABI at 530 nm depends on UCBR concentration. The values were calculated from the spectra in A. The averaged data 
and standard deviations are shown for n = 3. 
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Supplemental Figure 11. UCBR measurement by UnaG. (A) Fluorescence of UnaG reacted with several concentrations of 
UCBR. The same UCBR spiked mouse blood as in Figure 5 was used. The method of the previous paper (See ref. 18 in main 
text) was followed in the experiment.  
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Supplemental Note 1. Analysis for the plots of normalized intensity of BABI. 

 
In this note, we present a mathematical procedure to analyze the binding curve of BABI with UCBR by least squares fitting. In a 
reaction such that 
 

BABI + UCBR → BABI ∙ UCBR,  [1] 

 
We derive a formulation that calculates the intensity ratio as a function of the total concentration of UCBR added to a sample solution, 
[UCBR]T. We assume that (1) BABI has a single binding site for UCBR and (2) the dissociation constant Kd of reaction [1] is almost in 
the same order of or lower than the total concentration of BABI (Kd ~[BABI]T or Kd <[BABI]T), where Kd is expressed as 
 

𝐾d =
[BABI][UCBR]

[BABI∙UCBR]
. [2] 

 
Assumption (2) suggests that the concentrations of both the unbound form (BABI) and the bound form (BABI ∙UCBR) are not 
negligible. Let [BABI]T be the total concentration of BABI, and we have 
 

[BABI]T = [BABI] + [BABI ∙ UCBR] [3] 

 
and 
 

[UCBR]T = [UCBR] + [BABI ∙ UCBR]. [4] 

 
Note that [BABI] and [UCBR] are the concentrations of free BABI and UCBR, respectively. From Eqs. [2–4], we can derive the solution 
of [UCBR] as a function of [BABI]T and [UCBR]T given by:  
 

[UCBR] =
−(𝐾d+[BABI]T−[UCBR]T)+√(𝐾d+[BABI]T−[UCBR]T)

2+4𝐾d[UCBR]T

2
. [5] 

 
[UCBR] and Kd are used to express mole fractions of BABI and BABI∙UCBR as follows: 
 

𝛼BABI =
[BABI]

[BABI]+[BABI∙UCBR]
=

𝐾𝑑

𝐾𝑑+[UCBR]
 [6] 

 
and 
 

𝛼BABI∙UCBR =
[BABI∙UCBR]

[BABI]+[BABI∙UCBR]
=

[UCBR]

𝐾𝑑+[UCBR]
. [7] 

 
Let Y1 and Y2 be apparent intensities measured at wavelengths 1 and 2. The mole fractions (Eqs. [6, 7]) are used to express Y1 and 
Y2:  
 

𝑌1 = 𝐴1αBABI + 𝐵1αBABI∙UCBR = 𝐴1
𝐾d

𝐾d+[UCBR]
+ 𝐵1

[UCBR]

𝐾d+[UCBR]
 [8]  

 
and 
 

𝑌2 = 𝐴2αBABI + 𝐵2αBABI∙UCBR = 𝐴2
𝐾d

𝐾d+[UCBR]
+ 𝐵2

[UCBR]

𝐾d+[UCBR]
, [9] 

 
where A1 and A2 are intensities at BABI = 1 at wavelengths of 1 and 2, respectively, and B1 and B2 are intensities at BABI-UCBR = 1 at 
wavelengths of 1 and 2, respectively. Therefore, we have the mathematical expression of the intensity ratio between Y1 and Y2 as 
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𝑌1

𝑌2
=

𝐴1
𝐾d

𝐾d+[UCBR]
+𝐵1

[UCBR]

𝐾d+[UCBR]

𝐴2
𝐾d

𝐾d+[UCBR]
+𝐵2

[UCBR]

𝐾d+[UCBR]

=
𝐴1𝐾d+𝐵1[UCBR]

𝐴2𝐾d+𝐵2[UCBR]
. [10] 

 
In the case in which we take an iso-emissive point for 2, Y2 is constant, that is, A2 = B2. This simplifies the function of Eq. [10] so that 
we have the form of 
 

𝑌1

𝑌2(isoemissive)
=

𝐴1𝐾d+𝐵1[UCBR]

𝐴2𝐾d+𝐵2[UCBR]
=

𝐶𝐾d+𝐷[UCBR]

𝐾d+[UCBR]
.  [11] 

 
In the case in which we take a non-iso-emissive point for 2, the function of the intensity ratio can also be re-arranged into a single 
binding isotherm similar to Eq. [11], but the Kd is factored by a coefficient, which needs correction to compute the actual value of Kd.2 
Accordingly, when we have a plot of intensity ratio Y1/Y2 as a function of [UCBR]T measured at a fixed [BABI]T, we perform least 
squares fitting of the data points with the function in Eq. [10] or [11] in which [UCBR] is given by Eq. [5]. Specifically, in the present 
case, 1 and 2 are 530 and 510 nm, respectively. 
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Supplemental Note 2.  A titration curve for the plots of the ratio of intensity at 530 nm to that at 460 nm fitted by Mathematica.  
 
Now we consider the reaction: BABI + UCBR → BABI ∙ UCBR. 
Here, we derive a model function that emulates the ratio of intensity, Y. We assumed that (1) the total concentration of BABI was 
much higher than the Kd value ([BABI]T>> Kd) and (2) UCBR concentration is almost in the same order as the total concentration of 
BABI ([UCBR]T~[BABI]T). These conditions mean that the addition of UCBR leads to the complete formation of BABI-UCBR. Let f be 
a mole fraction of BABI bound with UCBR to the total BABI. Then, we have  
 

𝑓 =
[BABI∙UCBR]

[BABI]T
≈ min (1,

[UCBR]T

[BABI]T
). [12] 

 
The most right-hand applies because the amount of UCBR-bound BABI does not exceed the total amount of BABI. Thereby, the model 
function Y is expressed as  
 

𝑌 =
(1−𝑓)𝐴1+𝑓𝐵1

(1−𝑓)𝐴2+𝑓𝐵2
, [13] 

 
where 1 and 2 are 530 and 460 nm, respectively. Eq. [13] can also be applied to the analysis of the ratio of a signal from the green 
channel to that of the blue channel, measured by a smartphone camera in the same manner. 
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Supplemental Note 3. Nucleotide sequence of BABI UnaG is highlighted in green and that of Nluc1 is highlighted in cyan. 
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>BABI: UnaG_Nluc1 

ATGGTCGAGAAATTTGTTGGCACCTGGAAGATCGCAGACAGCCATAATTTTGGTGAATACCTGAAAGC

TATCGGAGCCCCAAAGGAATTAAGCGATGGTGGGGATGCCACGACGCCGACATTGTACATCTCCCAG

AAGGACGGAGACAAAATGACAGTGAAAATAGAGAATGGACCTCCTACGTTCCTTGACACTCAAGTAAA

GTTCAAATTAGGGGAGGAGTTCGACGAATTTCCTTCTGATCGAAGAAAAGGCGTAAAATCTGTCGTGA

ACTTGGTGGGAGAGAAGCTGGTGTACGTACAAAAGTGGGACGGCAAGGAGACGACGTATGTCCGAG

AGATAAAGGACGGTAAACTGGTCGTGACACTTACGATGGGAGACGTCGTGGCTGTGCGCAGCTACCG

GAGGGCGACGGAAGGTACCGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGG

CTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCC

GTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCAT

CCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCT

GTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAA

CATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAA

CAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCT

GTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGTAA 

 

 

 

 


