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Materials and instruments

All the reagents and solvents are of commercial quality and without further
purification. *H and **C NMR spectra were recorded on an Advance Bruker 400M
spectrometer and referenced to solvent signals. Mass spectra were obtained on Bruker
Apex IV Fourier Transform Mass Spectrometer. Absorption spectra were determined
on a TU-1901 UV-Visible spectrophotometer (Beijing Perkinje General Instrument
Co., Ltd, P. R. China).

Synthesis
Scheme S1. Synthesis of sensor 2.
(a)
IV /Y
=N.__N/ =N.__N/
B BS
c FF cl Cl NC" CN cl
A B EtO

(a) trimethylsilyl cyanide, CH,Cl,; (b) diethyl malonate, NaH, CH3;CN.

Boron trifluoride etherate (0.1 ml) was added to a solution of Compound A (100 mg,
0.24 mmol) and trimethylsilyl cyanide (0.48 ml) in 10 ml dry dichloromethane. The
reaction was stirred at room temperature for 2 h and then quenched with water (5 ml).
The residue was extracted with dichloromethane (2 < 10 ml) and washed with sat.
aqueous sodium bicarbonate (2 > 10 ml) and water (2 <10 ml). Then the combined
organic layers were dried over anhydrous sodium sulfate and purified through column
chromatography over silica (dichloromethane / petroleum ether = 2/1 as eluent) to
give Compound B (44 mg, 40%). *H NMR (400 MHz, CDCls): & 7.41 (d, 2H, J = 8.0
Hz), 7.38 (d, 2H, J = 8.0 Hz), 7.07 (d, 2H, J = 4.8Hz), 6.65 (d, 2H, J = 4.4 Hz). *C
NMR (100 MHz, CDCl3): 6 146.48, 142.48, 132.34, 132.03, 130.80, 132.50, 129.61,
128.70, 119.71, 21.45 (one C-obscured). ESI-HRMS: calculated for [M+K]"
403.00909, found 403.00931.

Compound 2 (50 mg, 0.13 mmol) was dissolved in 20 mL of dry acetonitrile and
sodium hydride of 57-63% oil dispersion (12 mg, 0.3 mmol) was added. Diethyl
malonate (43 uL, 0.28 mmol) in dry acetonitrile (10 mL) was added dropwise with
stirring. After stirring at room temperature for 2 h, the reaction was quenched with
water and extracted with dichloromethane. The organic layer was dried over MgSQy,
concentrated and purified through column chromatography over silica



(dichloromethane / petroleum ether = 3/1 as eluent) to give 2 (44 mg, 69%) as an
orange solid. *H NMR (400 MHz, CDCls): & 7.43 (d, 2H, J = 8.0 Hz), 7.37 (d, 2H, J =
8.0 Hz), 7.09 (d, 1H, J = 4.4 Hz), 7.03 (d, 1H, J = 4.4 Hz), 6.93 (d, 1H, J = 4.4 Hz),
6.61 (d, 1H, J = 4.4 Hz), 5.54 (s, 1H), 4.31 (q, 4H, J = 7.2 Hz), 2.49 (s, 3H), 1.33 (t,
6H, J = 7.2 Hz). 3¢ NMR (100 MHz, CDCI3): 6 165.27, 152.34, 146.45, 144.75,
142.30, 133.44, 132.62, 132.07, 130.88, 130.60, 129.55, 129.42, 128.91, 122.08,
119.35, 62.99, 52.55, 21.50, 13.96.ESI-HRMS: calculated for [M+Na]" 511.13203,
found 511.13195.

Scheme S2. The proposed reaction mechanism with excessive BODIPY sensors.
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Scheme S3. The deduction for additivity.

Based on the reaction mechanism, suppose there exist absorptions for BODIPY sensors (1) and
products (Si, Ss, Ss4 Ss) at certain wavelength. The molar absorptivity (molar absorption

coefficient) for I is €, ; the molar absorptivity of product S;, S3 and S, for Cys is &g 1 €5,

and &, respectively; meanwhile, the molar absorptivity of S;,S; and S, for Hcy is &s,, 1 Es,,
and &, respectively; the molar absorptivity of Ss is &g, -

We define that the initial concentration of BODIPY sensor (1) is [I]o. After 1h reaction of | with
Cys, the concentration of Sy, S; and S,is defined as [Sic], [Ssc] and [Sac], respectively. In a same
way, with Hcy, the concentration of Sy, Sz and S, is defined as [Sin], [Ssn] and [San] respectively,
and with GSH, the concentration of Ssis [Ss].

After 1 h reaction, the original absorbance of | was subtracted from the final absorbance of
reaction mixture to get the change of absorbance, AAbs. The absorbance change after the reaction
of thiols with I is as follow(AA¢ for Cys, AA, for Hey, AAg for GSH; b is the optical path of cell):

AAc=A-Ap= €5, b [Sic] + €s.. b [Ssc] + €s,. b [Sac] + €, b ([1]o- [Sic] - [Sac] - [Sac)) - €, b[l]o
AAG=AL-Ao= €5 b [Sin] + &5 D [San] + &5, D [San] + &b ([1o- [San]- [Ssnl - [San]) - & b
[1o

AAG=Ac-Ao= €5 b [Ssul + & b ([lo-[Ss]) - € bl

In the mixture, three individual biothiol reacts with BODIPY sensors competitively. To keep
the reaction in the mixture as close as possible to those in the single analyte-sensor system, the
consumption of BODIPY sensor during the reaction should be small enough to keep the reaction
equilibrium with biothiols unaffected. In the presence of largely excessive I, the concentration
change of the sensor could be neglected during the reaction due to its large amount, so that the
reaction rate of each thiol in their mixture is equal to that in the single thiol-1 system. After 1 h

reaction, the absorbance change of the thiols mixture is as follow.

AAEARAE €, b ([0~ [Sic] - [Sl - [Sacl- [Sardl- [Sucl- [Sardl- [Ss]) + €5 b [Sic] + & b
[Sin] + &b [Ssc] + &5, b [Sal + &, b [Sac] + &, b [Sui] + €5, b [Ssil- €, b [I]o
={ &5, b [Sic] + €5 b [Sac] + &5, b [Suc] + £,b ([0 [Sac] - [Sac] - [Suc)) - & b [} +
{ &, b [Su] + €5, b [Sal + €5, b [Susd + £,b ([o- [Sud - [Sar] - [Sarl) - €, b [1o} +

{ &g, bISsl+ & b([llo-[Ss]) - &b [N}

= AAC + AAH + AAG
It indicates that, in the condition of largely excessive I, the normalized spectra thiols mixture is
the summary of normalized spectrum of each single thiol. That is, the additivity is valid.



Scheme S4. The deduction of final concentration of each product of the reaction
between BODIPY sensors and Cys, Hcy and GSH.

The reactions of biothiols with | are as follow: (the ki, k», ks, and k4 is corresponding rate
constant)
| + A,y —2>S, + HCI
S,—~ S, S,
S, +1—->S, +HCI
| + A, ——>S, +HCI

Since the reactions are carried out in HEPES buffer solution, the effect of HCI is ignorable. The
concentration change of excessive | is also neglectable.

For the reactions of Cys/Hcy with I, the rate equations of reactions could be expressed as
follow:
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When t=0, [Ac]: [AC]07 [Sl]: [83]: [54]:0
Based on the principle of mass conservation, the follow equation is valid at any time.

[AcTo =[Ac]+[Si]+[Ss]+[S.]

The differential equation of it is as follow.
diAc] dIS.], dIS;] dIS.]_
dt dt dt dt
It indicates that, in the four differential rate equations of reaction, three are independent.
Solving the equations, the results are as follows:
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Since the reaction time (“t”) is constant (1h) in our case, then:

[Ac] = KAC [A:]o : [S.]= Ksl[A:]o; [S:]= Kss[pk:]o : [84] = KSA[Ab]O

(e —e™ AL,



In the same way, for the reactions of GSH with |, the rate equations of reactions could be
expressed as follow:

diAs]_ _
T_ k4[AG]

When t=0, [AG]: [AG]O’ [S5] =0.
Solving the equations, the results are as follows:

[AG] :['Ab]oeik"t = KAG [Ae]o

[Ss1=[A ~[A]=[1-e " “T[A], = K [Al
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Fig. S1. The absorption spectra of BODIPY sensor 1 (20 uM) and 2 (20 uM) after
addition of 100 uM Cys, Hcy, or GSH in acetonitrile/HEPES buffer (v:v=2:3, 20 mM,
pH=7.4) at 25 <C.
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Fig. S2. The experimental and speculated normalized absorbance spectra for the
biothiols mixture. Each single spectrum of reaction mixture of individual biothiol
(Cys, Hcy, or GSH) at 80 uM with | at gradually increasing concentrations were
collected, and a mixed spectrum was speculated. At the same time, the spectrum of
biothiols mixture after reacting with BODIPY sensors was also collected as
experimental spectrum.
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Fig. S3. The normalized absorption spectra of BODIPY sensor 1 (a) and 2 (b) (500
uM) after addition of 50 uM Cys, Hcy or GSH in acetonitrile/HEPES buffer (v:v=2:3,
20 mM, pH=7.4) at 25 <C.
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Fig. S4. The experimental and calculated concentrations of Cys/Hcy/GSH in the
mixture under different wavelength combination (a) 445nm and 540nm of sensor 1,
530nm of sensor 2; (b) 440nm and 543nm of sensor 1, 530nm of sensor 2.
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Fig. S5. The schematic for home-made prototype machine.
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