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Locomotor behavior assessment with the light/dark locomotion test  
 

 

Figure S1. Scheme of the light/dark locomotion test. At 120 hpf, zebrafish larvae were placed in a 
96-well plate with one larva per well and placed in a DanioVision observation chamber. The test 
lasted 90 min, of which 30 min light acclimatization followed by 3 cycles of alternating dark/light 
cycles lasting 10 min per type of exposure.   
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1H-NMR characterization of PAAs 
The chemical structure of M-GLY, M-GLU and M-GLY50-CYSS50 was assessed by 1H-NMR, 
collecting spectra in D2O at pH 4.0 and at 25 °C using a Bruker Advance DPX-400 NMR 
spectrometer (Milan, Italy) operating at 400.13 MHz. Parameters: scan number 32, relaxation 
delay, d1, 10.0 s, receiver gain automatically measured and set by the instrument.  
 

 
Figure S2. 1H-NMR spectrum of M-GLY. 

 

 
Figure S3. 1H-NMR spectrum of M-GLU. 
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Figure S4. 1H-NMR spectrum of M-GLY50-CYSS50. 
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Speciation diagrams of PAAs 
M-GLU: pKa values were calculated in a previous work [1]. Speciation diagrams (Figure S5) 
were obtained by plotting the concentration fractions (α) of the different ionic species as a 
function of pH. The concentration fractions of M-GLU were calculated according to the 
following equations: 
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M-GLY: pKa values were calculated in a previous work [2]. Speciation diagrams (Figure S6) 
were obtained by plotting the concentration fractions (α) of the different ionic species as a 
function of pH. The concentration fractions of M-GLY were calculated according to the 
following equations: 
 

• Mass balance: 𝐶0 = 𝐶L+ + 𝐶L0 + 𝐶L- 
• Equilibrium constants: 𝐾a1 =

!L0 !H+ 

!L+
 ; 𝐾a2 =
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• Concentration fractions: 

 
Figure S5. Speciation diagrams and chemical structures of the ionized repeat units of M-GLU. 
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Figure S6. Speciation diagrams and chemical structures of the ionized repeat units of M-GLY. 

 
M-CYSS: Ka values were calculated in a previous work [3]. Speciation diagrams (Figure S7) 
were obtained by plotting the concentration fractions (α) of the different ionic species as a 
function of pH. The concentration fractions of M-CYSS were calculated according to the 
following equations: 
 

• Mass balance: 𝐶0 = 𝐶L2+ + 𝐶L+ + 𝐶L0 + 𝐶L- + 𝐶L2- 	  
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Figure S7. Speciation diagrams and chemical structures of the ionized repeat units of M-CYSS. 
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Evaluation of survival rate of PAA-exposed zebrafish embryos at different 
time points 
Survival rates of zebrafish embryos were evaluated in the FET test at different time points 
after exposure to several concentrations of M-GLY, M-GLU and M-GLY50-CYSS50 at gastrula 
stage (4 hpf). 

 
 
Figure S8. Survival rates of zebrafish embryos at 48 hpf (a) and 72 hpf (b) determined under 
various concentrations of PAA. Results are reported as the mean ± SD of three independent 
experiments. 
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Evaluation of morphological alterations of PAA-exposed zebrafish larvae 
Morphological alterations in the FET test were evaluated at 72 hpf through visual inspection 
of anesthetized zebrafish larvae (0.4% tricaine) from head to tail using Zeiss Axiozoom V13 
microscope (Carl Zeiss AG, Oberkochen, Germany). Images were processed with Zen 3.5 
(Blue edition). Normal development represents the development of control embryos 
exposed to fish water. 
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Figure S9. Bright field images of M-GLY exposed zebrafish larvae acquired at 72 hpf. Left 
column: zebrafish larvae with spine deformation. Middle column: zebrafish larvae with 
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pericardial edema (red arrow). Right column: zebrafish larvae with growth retardation. 
Magnification 32X. Scale bar: 500 μm. 
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Figure S10. Bright field images of M-GLU exposed zebrafish larvae acquired at 72 hpf. Left 
column: zebrafish larvae with spine deformation. Middle column: zebrafish larvae with 
pericardial edema (red arrow). Right column: zebrafish larvae with growth retardation. 
Magnification 32X. Scale bar: 500 μm. 
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Figure S11. Bright field images of M-GLY50-CYSS50 exposed zebrafish larvae acquired at 72 
hpf. Left column: zebrafish  larvae with spine deformation. Middle column: zebrafish larvae with 
pericardial edema (red arrow). Right column: zebrafish larvae with growth retardation. 
Magnification 32X. Scale bar: 500 μm. 
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Touch-evoked response test 
AB-strain embryos at 4 hpf were exposed to different PAA concentrations (1.5, 2, 5, 10, 25, 
50 100 mg L-1) and fish water as control until 72 hpf. The tail of the embryo was gently 
touched with a smooth pipette tip and the touch response was observed and categorized as 
follows: (1) embryos that did not move; (2) embryos that swam < 20 mm; and (3) embryos 
that swam > 20 mm.  
 

Table S1. Results of the touch-evoked response test. 
M-GLY 

Concentration 
(mg L-1) 

Non-moving 
embryos 

(%) 

Embryos that swam < 20 
mm 
(%) 

Embryos that swam > 20 
mm 
(%) 

Control - 19 ± 1 81 ± 1 
1.5 - 19 ± 1 81 ± 1 
2 - 19 ± 1 81 ± 1 
5 - 19 ± 1 81 ± 1 
10 - 20 ± 4 80 ± 2 
25 - 23 ± 2 77 ± 1 
50 - 24 ± 1 76 ± 1 
100 - 24 ± 1 76 ± 1 

M-GLU 
Control - 20 ± 1 80 ± 1 

1.5 - 21 ± 1 79 ± 1 
2 - 21 ± 1 79 ± 1 
5 - 24 ± 1 76 ± 1 
10 - 27 ± 1 73 ± 1 
25 - 29 ± 1 71 ± 1 
50 1 ± 1 28 ± 0 71 ± 1 
100 4 ± 2 29 ± 3 67 ± 1 

M-GLY50-CYSS50 
Control - 19 ± 2 81 ± 2 

1.5 - 19 ± 2 81 ± 2 
2 - 19 ± 2 81 ± 2 
5 - 21 ± 3 79 ± 3 
10 - 24 ± 3 76 ± 3 
25 - 28 ± 2 72 ± 2 
50 2 ± 1 27 ± 1 71 ± 1 
100 9 ± 3 27 ± 3 64 ± 1 
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