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Synthesis of DCM-NH-Pro-Gly: 

 

To a solution of compound 1 [1] (60 mg, 0.192 mmol) in anhydrous DMF (1.2 mL) 

under an Ar atmosphere, HATU (0.292 g, 0.77 mmol) and DIPEA (99.2 mg, 0.77 

mmol) were added. The mixture was then cooled to 0 °C and stirred for 10 min. 

Then, a solution of commercially available N-Boc-Pro-Gly (0.105 g, 0.385 mmol) in 

anhydrous DMF (1.8 mL) was added dropwise, and the solution was stirred 

overnight and allowed to reach room temperature. Then, the work-up was made 

as following: NaHCO3 (30 mL) and CH2Cl2 (10 mL x3) were used in the extraction 

step. The organic layers were combined and then washed with 15 % LiCl solution 

(30 mL x 2), H2O (30 mL) and Brine (30 mL), water (25 mL×3) and dried (Na2SO4). 

Finally, the solvent was removed under low pressure, and the residue was 

submitted to flash chromatography in CH2Cl2:CH3OH + TEA mixtures to produce 

DCM-Boc-Pro-Gly as a red solid in quantitative recovery. 

Compound 2, DCM-Boc-Pro-Gly (89 mg, 0.156 mmol) was dissolved in a 1:74 
mixture of CH2Cl2/TFA (2.21/0.89 mL), and the resulting mixture was stirred for 
approximately 5 h at room temperature until no starting material was observed by 
TLC. Then, the solvent was removed under low pressure, and the residue was 
submitted to flash chromatography to produce 65 mg (87 %) of compound 3 
DCM-NH-Pro-Gly as an orange solid. Fusion point: 160-170 °C. 1H-NMR (600 
MHz, DMSO-d4) δ 10.29 (s, 1H), 8.73 (d, J = 8.2 Hz, 1H), 7.92 (t, J = 7.6 Hz, 1H), 
7.79 (d, J = 8.4 Hz, 1H), 7.75 – 7.70 (m, 5H), 7.61 (t, J = 7.6 Hz, 1H), 7.41 (d, J 
= 15.8 Hz, 1H), 6.99 (s, 1H), 4.47 (s, 1H), 3.49 (s, 2H), 2.11 – 1.74 (m, 6H), 1.21 
(s, 2H).13C-NMR (150 MHz, DMSO-d4) δ 158.95 (C), 153.40 (C), 152.51 (C), 
141.57 (C), 138.76 (CH), 135.77 (CH), 129.42 (2-CH), 126.64 (CH), 125.26 (CH), 
119.74 (2-CH), 119.54 (CH), 118.41 (CH), 117.75 (C), 117.59 (C), 116.40 (C), 
106.85 (CH), 61.36 (C), 60.74 (CH), 60.23 (C), 47.18 (C), 46.12 (CH2), 39.97 (C), 
29.81 (CH2), 29.48 (CH2), 24.84 (CH2). HRMS (ESI) m/z [M]+ calculated for 
C27H23N5O3 466.1879; obtained: 466.1902.  
 
 
 
Fig. S1. Synthesis of compound DCM-NH-Pro-Gly 
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Mass spectrum of compound DCM-NH-Pro-Gly 
 

 
 
 
1H-NMR spectrum of compound DCM-NH-Pro-Gly 
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13C-NMR spectrum of compound DCM-NH-Pro-Gly 
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Fig. S2. A) Molar extinction coefficient calculation of DCM-NH-Pro-Gly (ε=17 600 

± 300 L mol−1 cm−1; R2=0.998 and DCM-NH2 (ε=37 700 ± 1 600 L mol−1 cm−1; 

R2=0.991). B) Emission spectra of the pure compounds DCM-NH-Pro-Gly (red line) 

and DCM-NH2 (black line), 10 µM, in PBS/DMSO 7/3 v/v by excitation at 440 and 

480 nm, respectively.           
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Quantum yield calculation 

 

The relative fluorescence quantum yields have been acquired by integrating the 

areas under the fluorescence curves using the expression: 

Φ =  ΦR .
I

IR
 .

ODR

OD
  .

n2

nR
2  

where Φ and Φ𝑅  represent the fluorescence quantum yields of the sample and 

reference, respectively; I and IR the integrated fluorescence spectra of the sample 

and reference, respectively; OD and ODR are the absorption at the excitation 

wavelength of the sample and reference, respectively; and n and nR are the 

refractive indexes of the solvents in which the sample and reference are dissolved, 

respectively. As references, we have used Fluorescein in NaOH 0.1M (Φ = 0.91) 

for DCM-NH-Pro-Gly, and Rhodamine 6G in EtOH (Φ = 0.94) for DCM-NH2. 

 

 

 

Table S1. Quantum yields. 

Compound Solvent Quantum yield 

DCM-NH-Pro-Gly PBS/DMSO, 7/3, v/v 0.10 ± 0.01% 

DCM-NH2 PBS/DMSO, 7/3, v/v 0.63 ± 0.09% 

DCM-NH2 DMSO 5.73 ± 0.09% 
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Fig. S3. A) Absorption and B) emission spectra of the compound DCM-NH2, 1.7 
µM in different solvents. 
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Fig. S4. Mass spectrometry of the compound DCM-NH2 
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Fig. S5. HPLC-MS of the probe. The arrow indicates the M+ = 312.14 at different 

incubation times with DPP-IV A) initial time B) 30 min C) 60 min and D) 90 min. 
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Fig. S6. A) Calibration of the HPLC-MS with differente concentration of DCM-

NH2. B) DCM-NH2 released at different incubation times with DPP-IV using a 

[DCM-Pro-Gly] = 1 µM and [DPP-IV] = 5 µg mL−1 in PBS /DMSO, 7/3 v/v. 
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Fig. S7. Emission kinetics of DCM−NH-Pro-Gly (10 µM) with DPP IV (5 µg mL-1) 

at different sitagliptin concentrations for 2h by excitation at 463 nm at 37  °C.   
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Fig. S8. Ratiometric measurements of fluorescence signals of I662 / I550 of DCM-

NH-Pro-Gly over time with different concentrations of sitagliptin. 
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Fig. S9. A) Emission spectra of DCM−NH−Pro-Gly (10 μM) with DPP IV (5 μg mL−1) 
after 60 min of incubation at 37 ºC and different pHs by excitation at 463 nm. 
Ratiometric measurements of fluorescence signals of I662/I550 of DCM-NH-Pro-Gly 
(10 µM) with DPP IV (5 μg mL−1) after 60 min of incubation at 37 ºC and different 
pHs by excitation at 463 nm. B) Emission spectra of DCM−NH−Pro-Gly (10 μM) 
with DPP IV (5 μg mL−1) after 60 min of incubation at different temperatures and 
pH 7.5 by excitation at 463 nm. Ratiometric measurements of fluorescence signals 
of I662/I550 of DCM-NH-Pro-Gly (10 µM) with DPP IV (5 μg mL−1) after 60 min of 
incubation at different temperatures and pH 7.5 by excitation at 463 nm. 
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Fig. S10. Fluorescence intensities at 662 nm of DCM-NH2 at different 
concentrations by excitation at 550 nm. From the linear fit, we have obtained a 
slope of 1 707 ± 27 a.u. µM−1 and an intercept of 129 ± 33 a.u. (R2 =0.996). 
 

0 1 2 3 4 5 6

0

2000

4000

6000

8000

10000

F
lu

o
re

s
c
e
n
c
e
 I
n
te

n
s
it
y
 /
 a

.u
. 

[DCM-NH
2
] / M

 
 

 

 

 

 

 

 

 

Fig. S11. Fluorescence intensities at 662 nm of DCM-NH-Pro-Gly at different 

concentrations (1 µM - 15 µM) with DPP IV (2.5 µg mL-1) over time by excitation 

at 550 nm. 
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Fig. S12. Increase of DCM-NH2 concentration (the product of the enzymatic 

reaction) over time, at different concentrations of DCM-NH-Pro-Gly (1.00 μM – 

15.00 μM) with DPP IV (2.5 µg mL-1). 
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Fig. S13. Initial rates of fluorescence measurements vs substrate concentrations 

of DCM-NH-Pro-Gly with DPP IV (2.5 μg mL-1). 
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Fig. S14. Lineweaver-Burk representation of the enzymatic reaction between DPP 
IV and the substrate DCM-NH-Pro-Gly. The linear fit provides a slope of 331 000 
± 6 300 min and an intercept of 680 ± 50 min µM−1, (R2 =0.998). 
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Fig. S15. Excitation spectrum of plasma with emission at 580 nm. 
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Fig. S16. Emission spectrum of the plasma by excitation at 480 nm. 
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Fig. S17. Comparison of emission spectra  of the kinetics of the enzymatic reaction 
in plasma at different times (0, 24 and 48 h, and 48 h with different concentrations 
of DMSO, by excitation at 480 nm. 
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Fig. S18. Fluorescence intensity of plasma/DMSO 85/15, v/v, for 24 h, every hour, 
by excitation at 480 nm. 
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Fig. S19. Emission spectra of kinetics of DCM-NH-Pro-Gly 10 µM with DPP IV 10 
µg mL-1 in plasma/DMSO 85/15, v/v, for 24 h, every hour, by excitation at 480 nm. 
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Fig. S20. Result of subtracting from the spectra of Figure S19, the spectra of 
Figure S18. The Figure includes only the results every 4 h for clearer visualization. 
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Fig. S21. A) Emission spectra of kinetics of DCM-NH-Pro-Gly 10 µM in 
plasma/DMSO 85/15, v/v, for 24 h, every hour, by excitation at 480 nm. B) 
Intensity values at 540 and 635 nm over time. 
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Fig. S22. A) Emission spectra kinetics of DCM-NH-Pro-Gly 10 µM in diabetic 
plasma/DMSO 85/15, v/v, for 24 h, every hour, by excitation at 480 nm. B) 
Intensity values at 540 and 635 nm over time. 
A 

500 550 600 650 700 750 800

0

1000

2000

3000

F
lu

o
re

s
c
e
n
c
e
 I

n
te

n
s
it
y
 /

 a
.u

.

 / nm
 

B 

0 5 10 15 20 25

1500

2000

2500

3000

 635

 540

F
lu

o
re

s
c
e
n
c
e
 i
n
te

n
s
it
y
 /
 a

.u
.

Time / h
 

 

 

 

 
 



S23 

 

Fig. S23. Ratiometric measurements normalized over time of fluorescence signals 
of I635 / I540 of DCM-NH-Pro-Gly in plasmas from subjects diabetic and healthy. 
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Figure S24. Two-photon excitation spectra of DCM-NH2 (square in red) and DCM-
NH-Pro-Gly (circles in blue) measured in PBS/DMSO 7/3 v/v. Emission collected at 
650−720 nm and 502-538 nm, and excitation ranging from 720 to 1000 nm, 
measured every 20 nm. The intensities were calculated by normalization to the 
power of the excitation source measured on the excitation pathway. Bars represent 
the standard error from three replicates. 
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Fig. S25. Intensity values of green and red channels and Ratio maps using 
excitation wavelengths of 488 and 800 nm of blood plasma sample with DCM-NH2. 
Whiskers represent the SE. 
 

 
 
 
Fig. S26. Intensity values of green and red channels and Ratio maps using 
excitation wavelengths of 488 and 800 nm of blood plasma sample with DCM-NH-
Pro-Gly. Whiskers represent the SE. 
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Fig. S27. Proliferation assay (A: Caco-2 cells; B: BxPC-3 cells). Histogram graphics 
over time using different concentrations of DCM-NH-Pro-Gly (2.5, 5 and 10 μM, 
corresponding to a percentage of DMSO equal to 0.5, 1 and 2 %, respectively) and 
compared with DMSO at the same percentages (0.5, 1, and 2 %) and with a 
control. Data are represented as absorbance at 570 nm and shown as mean ± SE. 
The statistically significant values are represented with **p < 0.01; *p < 0.05 
(comparing DMSO vs control), #p < 0.05  (comparing DCM-NH-Pro-Gly vs control), 
$p < 0.05  (comparing DMSO vs DCM-NH-Pro-Gly), by the T-test. 
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Fig. S28. Images obtained from live Caco-2 cells incubated with DCM-NH2 (5 μM) 

using confocal and STED microscopy. The image in the left is a general overview 
of the cells. The square indicates the zone where the confocal/STED was 
measured. In the middle we represent the images using confocal/STED 
microscopy. In the right we represent the plot profile (black corresponds to 
confocal images and red to STED images) for the line shown in the middle images. 
Scale bars in the overview image represent 5 µm and in the confocal/STED image 
represent 0.5 µm. 
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Fig. S29. Living zebrafish embryos and larvae incubated with 5 µM DMSO for 2 h 
at different days post fertilization (dpf); red fluorescent (left), brightfield (centre), 
and merge (right) images are taken with a stereo microscope (λexc = 458 nm; λem 
= 680 nm) Scale bars: 1 dpf: 250 µm, 3-7 dpf: 500 µm. 
 

 
 
 
 
 
Fig. S30. Living zebrafish embryos and larvae incubated with 5 µM DCM-NH-Pro-
Gly for 2 h at different dpf; red fluorescent (left), brightfield (centre), and merge 
(right) images by confocal microscopy. Each image is composed from different 
fields (tiles) that were mounted together using the plugin “Pairwise stitching” tool 
in Fiji Is Just ImageJ. For the red channel, maximum projections of z-stacks are 
shown. CNS refers to central nervous system. Scale bars: 1 dpf: 250 µm, 3-7 dpf: 
500 µm, detail 3 dpf: 200 µm. 
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Fig. S31. Living zebrafish embryos and larvae incubated with 5 µM DMSO for 2 h 
at different dpf; red fluorescent (left), brightfield (centre), and merge (right) 
images by confocal microscopy. Each image is composed from different fields 
(tiles) thatwere mounted together using the plugin “Pairwise stitching” tool in Fiji 
Is Just ImageJ. For the red channel, maximum projections of z-stacks are shown.  
CNS refers to central nervous system. Scale bars: 1 dpf: 250 µm, 3-7 dpf: 500 µm, 
detail 3 dpf: 200 µm. 
 
 

 
 
 
 
 
 
 
Image analysis. 
Image quantification and ratio measurements were performed using home-coded 
macros in Fiji Is Just ImageJ. In brief, a Gaussian filter was performed to the raw 
images data of cells, tissues and zebrafish (sigma=2) and plasma (sigma=3). For 
the cells, tissues and zebrafish, a manual threshold selection was performed to 
select the regions of interest (ROI). The plasma images were used completely. 
Outside the ROI a Not a Number (NaN) was assigned to pixels. The segmented 
images were used to calculate the average intensity value in every channel. We 
obtained the ratio images dividing both segmented channels (red and green) pixel 
to pixel. The calculated images were used to calculate the average ratio value. 
 
 


