
S1

Electronic Supplementary Information

Self-Assembly of Mitochondria-Specific Peptide Amphiphiles 

Amplifying the Lung Cancer Cell Death through Targeting the 

VDAC1-Hexokinase-II Complex

Dan Liu,a Angelina Angelova,b Jianwen Liu,c Vasil M. Garamus,d Borislav Angelov, e 

Xinlei Zhang,a Yawen Li,a Guillaume Feger,b Na Li*f  and Aihua Zou *a

aShanghai Key Laboratory of Functional Materials Chemistry, State Key Laboratory 

of Bioreactor Engineering and Institute of Applied Chemistry, School of Chemistry 

and Molecular Engineering, East China University of Science and Technology, 

Shanghai 200237, PR China

bInstitut Galien Paris-Sud, CNRS UMR 8612, LabEx LERMIT, Univ. Paris-Sud, 

Université Paris-Saclay, F-92296 Châtenay-Malabry, France

cState Key Laboratory of Biorea cctor Engineering & Shanghai Key Laboratory of 

New Drug Design, School of Pharmacy, East China University of Science and 

Technology, Shanghai 200237, PR China

dHelmholtz-Zentrum Geesthacht: Centre for Materials and Coastal Research, D-

21502 Geesthacht, Germany

eInstitute of Physics, ELI Beamlines, Academy of Sciences of the Czech Republic, 

Na Slovance 2, CZ-18221 Prague, Czech Republic

fNational Center for Protein Science Shanghai and Shanghai Institute of 

Biochemistry and Cell Biology, Shanghai 201210, PR China

*Corresponding Authors:

E-mail address: aihuazou@ecust.edu.cn (A. Zou) and nli@sibcb.ac.cn (N. Li)

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2019

mailto:aihuazou@ecust.edu.cn
mailto:nli@sibcb.ac.cn


S2

SAXS modelling

To account for possible deviations from spherical entities, the scattered intensity I 

(q) was modelled as coming from a population of ellipsoids of rotation I (q) can be 

described in a decoupling approximation (no correlation between size/orientation and 

position of particles) by the following equation: 1

                (1)𝐼(𝑞) = 𝐼(0)𝑃(𝑞)𝑆'(𝑞) + 𝐵

Where                   (2)𝑃(𝑞) = 〈|𝐹(𝑞)|2〉

              (3)𝑆'(𝑞) = 1 + 𝛽(𝑞)·[𝑆(𝑞) ‒ 1]

                (4)𝛽(𝑞) = |〈𝐹(𝑞)〉|2/〈|𝐹(𝑞)|2〉

The inner brackets in equations (2) and (4) represent an average weighted by the 〈〉 

distribution of particle sizes and/or orientations, I (0) is the scattering at zero angle 

(proportional to concentration of particles, contrast, and particle volume,  is the 𝑃(𝑞)

form factor, is the amplitude of the form factor,  is the structure factor, and 𝐹(𝑞) 𝑆(𝑞)

 is the effective structure factor modified by the anisotropy and polydispersity of 𝑆'(𝑞)

particles. 

In the case of core shell ellipsoid of rotation of semiaxis a, b, F (q) is expressed as

𝐹(𝑞) = 3(𝜌𝑐𝑜𝑟𝑒 ‒ 𝜌𝑠𝑜𝑙𝑣𝑒𝑛𝑡)𝑉𝑐𝑜𝑟𝑒
sin (𝑞𝑅) ‒ 𝑞𝑅cos (𝑞𝑅)

(𝑞𝑅)3
+

                                                                  
3(𝜌𝑠ℎ𝑒𝑙𝑙 ‒ 𝜌𝑠𝑜𝑙𝑣𝑒𝑛𝑡)𝑉𝑠ℎ𝑒𝑙𝑙

sin (𝑞(𝑅 + 𝑇) ‒ 𝑞(𝑅 + 𝑇)cos (𝑅 + 𝑇)

(𝑞 + (𝑅 + 𝑇)3

(5)

Where  and  is the angle between the axis of ellipsoid a 𝑟 = [𝑏2sin2 𝛼 + 𝛼2cos2 𝛽]1/2

and scattering vector q, and T is the thickness of shell. A log normal distribution of a 

was used in analysis.

The excluded volume interaction calculated with the Percus-Yevick approximation for 

the closure relation.2 The detailed expression for the function can be found in.3 
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Table S1 Model of ellipsoids of revolution (a, b, b) with excluded volume interaction, polydispersity 

sigma of an axis as log normal distribution and <a> - mean value of orbital axis.

Peptides Concentration

[mg mL-1]

< a > 

[Å]

Sigma b

[Å]

1 48±2.0 1.13±0.20 20.1±0.1

3 41±2.0 1.03±0.08 20.1±0.1

5 37±2.0 0.70±0.04 20.1±0.2
pHK-pKV

10 36±0.9 0.65±0.02 20.2±0.1

1 103±3.0 1.4 fixed 42.0±0.1

3 29±1.0 0.77±0.03 42.3±0.1

5 31±1.0 0.59±0.02 43.0±0.1
Pal-pHK-pKV

10 32±1.0 0.44±0.02 43 fixed
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Secondary structures

The secondary structural data of the CD spectra were analyzed using a CDNN 
deconvolution program, which is a method based on a neural network theory to 
deconvolute the CD spectra into five different secondary structures (α-helix, β-sheets, 
β-turn, parallel, antiparallel and random coil). The obtained results are presented in the 
following Table S2.

  Table S2 Quantitative content of peptides’ conformation distributions measured by CDNN.

Secondary structure pHK pHK-pKV Pal-pHK-pKV

Α-helix (%) 12.8 20.1 53.9
Antiparallel β-sheet (%) 20.3 14.1 4.3

Parallel β-sheet (%) 19.1 13.7 5.2
β-turn (%) 22.3 19.8 13.5

Random Coil (%) 43.4 33.7 23.3
Total Sum (%) 117.9 101.4 100.2
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Fig. S1 SAXS patterns of aqueous solutions of Pal-pHK-pKV at high concentrations. 

(1.4 mM, 2.8 mM, 5.5 mM, 11 mM, 22 mM).
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MTT assay

MTT measurements were performed after 24 h, 48 h, and 72 h treatments by 

peptide formulations. Fig. S2a shows that pHK-pKV exerts effects on the A549 cells 

viability at essentially higher concentrations (>12.5 μM) as compared to Pal-pHK-pKV. 

Notably, Pal-pHK-pKV displays a cytotoxic effect already at a very low concentration 

(3.13 μM Pal-pHK-pKV) (Fig. S2b).

Fig. S2 Cells treated with increasing concentrations of peptides for various time intervals: a) 

pHK-pKV and b) Pal-pHK-pKV.



S7

Fig. S3 (a) The purity of peptide pHK analyzed by HPLC. (b) The peptide pHK was 

identified using mass spectrometry (Mw = 1770.10 g · mol-1).
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Fig. S4 (a) The purity of peptide pHK-pKV analyzed by HPLC. (b) The peptide pHK-pKV 

was identified using mass spectrometry (Mw = 2978.67 g · mol-1).
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Fig. S5 (a) The purity of peptide Pal-pHK-pKV analyzed by HPLC. (b) The peptide Pal-

pHK-pKV was identified using mass spectrometry (Mw = 3217.08 g · mol-1).
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Fig. S6 (a) The purity of peptide pHK-AMC analyzed by HPLC. (b) The peptide pHK-

AMC was identified using mass spectrometry (Mw = 1927.27 g · mol-1).
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Fig. S7 (a) The purity of peptide pHK-pKV-AMC analyzed by HPLC. (b) The peptide 

pHK-pKV-AMC was identified using mass spectrometry (Mw = 3135.84 g · mol-1).
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Fig. S8 (a) The purity of peptide Pal-pHK-pKV-AMC analyzed by HPLC. (b) The peptide 

Pal-pHK-pKV-AMC was identified using mass spectrometry (Mw = 3374.26 g · mol-1).
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