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Synthesis

Synthesis of UPy-Cy5
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The deprotected UPy-COOH (12 mg; 0.011 mmol) was dissolved in 2 mL DMF. HATU (5 mg; 

0.012 mmol) and DIPEA (9 μL; 0.048 mmol) were then added for pre-activation and the 

mixture was stirred for five minutes. After that, the Cy5-amine was added (5 mg; 0.0086 

mmol) and the reaction was stirred for one hour. The organic phase was then diluted in DCM 

(10 mL), followed by washing with brine and evaporation of the DCM. The resulting crude was 

purified by preparative reverse phase LC-MS to yield the desired compound (5.8 mg; 31%). 

The LC-MS [M] of UPy-Cy5 was calculated 1701.11, found 567.75 [M+3H]3+, 851.06 [M+2H]2+ 

and 1701.33 [M+H]+.
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Synthesis of UPy-F
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Fluorescein piperazine was prepared as described previously in literature.1 The deprotected 

UPy-COOH (10 mg, 0.01 mmol) was dissolved in DMF (2 mL). HATU (5.1 mg, 0.13 mmol) and 

pyridine (0.11 mL, 0.13 mmol) were then added with stirring under argon for 30 minutes. 

Thereafter, 1 mL of Fluorescein piperazine (8 mg, 0.02 mmol) in DMF was added. The reaction 

mixture was stirred overnight and subsequently poured into 2 v/v% formic acid/water solution 

and centrifuged for two times. Eluting over silica with FA/MeOH/CHCl3 1:5:94 afforded UPy-

fluorescein-piperazine (13.2 mg, 87%) as a yellow solid. The LC-MS MS [M] of UPy-F was 

calculated m/z 1519.82, found 1519.42 [M+H]+.
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Supporting data

Table S1. Composition of UPy-aggregates with different charge properties
Group Name UPy-OCH3 UPy-NH2 UPy-COOH Note

Anionic 50 50
Neutral 100

Neutral (+/-) 50 50
Cationic 50 50

All in molar 
ratio

Figure S1: Sizes of the UPy-aggregates with various charge properties. The sizes of the UPy-

aggregates were measured by multi-angle dynamic light scattering method. The results are 

illustrated as the hydrodynamic diameters of the UPy-aggregates which were obtained via 

cumulant analysis to obtain the z-average size by considering the UPy-aggregates as particles.
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Figure S2: Internalization of UPy-aggregates (10 μM) by THP-1 derived macrophages in the 

presence of fetal bovine serum (FBS). (a) Confocal laser scanning micrographs of the 

internalization of the UPy-aggregates at 5 and 30 min. The UPy-aggregates, nuclei of the cells 

and membranes of the cells were labeled red, blue and green, respectively. Scale bars 

represent 30 μm. (b) Flow cytometry analysis of the internalization of the UPy-aggregates by 
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THP-1 cells at 5 and 30 min. The results are illustrated as the signal distribution of the 10,000 

gated cells. The experimental group without addition of UPy-aggregates was used as the 

control. Both the internalizations of pure UPy-Cy5 and Cy5-NH2 were compared with the other 

four types of UPy-aggregates containing the same amount of Cy5. (c) Illustration of the 

average fluorescence intensity of the 10,000 gated cells incubated with different materials. 

Error bars are the standard deviation of the mean cell fluorescence intensity averaged over 

triplicates. 
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Figure S3: Internalization of UPy-aggregates (10 μM) by Human Kidney cells (HK-2) in the 

presence of fetal bovine serum (FBS). (a) Confocal laser scanning micrographs of the 

internalization of the UPy-aggregates at 5 and 30 min. The UPy-aggregates, nuclei of the cells 

and membranes of the cells were labeled red, blue and green, respectively. Scale bars 

represent 50 μm. (b) Flow cytometry analysis of the internalization of the UPy-aggregates by 
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HK-2 cells at 5 and 30 min. The results are illustrated as the signal distribution of the 10,000 

gated cells. The experimental group without addition of UPy-aggregates was used as the 

control. Both the internalizations of pure UPy-Cy5 and Cy5-NH2 were compared with the other 

four types of UPy-aggregates containing the same amount of Cy5. (c) Illustration of the 

average fluorescence intensity of the 10,000 gated cells incubated with different materials. 

Error bars are the standard deviation of the mean cell fluorescence intensity averaged over 

triplicates. 
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Figure S4: Distribution of UPy-aggregates (10 μM) after internalization by THP-1 derived 

macrophages and human kidney cells (HK-2) at 120 min in the of presence of fetal bovine 

serum (FBS). Confocal laser scanning micrographs of the cells incubated with UPy-aggregates 

anionic (a-d), neutral (e-h), neutral (+/-) (i-l) and cationic (m-p); b, f, j and n are the zoom-in 

pictures of the white frames in a, e, i and m, respectively; d, h, i and p are the zoom-in pictures 

of the white frames in c, g, k and o, respectively; The UPy-aggregates were labeled red, nuclei 

of the cells were stained blue and membranes of the cells were stained green; scale bars in a, 

e, i and m represent 20 μm, scale bars in b, f, j, n, d, h, i and p represent10 μm, scale bars in c, 

g, k and o represent 50 μm.
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Figure S5: Confocal laser scanning micrographs of the internalization of cationic UPy-

aggregates (10 μM) containing UPy-Fluorescein (UPy-F) (0.8 μM) by human kidney cells (HK-

2). The nuclei of the cells were stained blue and the UPy-aggregates were stained green. The 

UPy-aggregates were incubated with HK-2 cells for 120 min, they localized mainly at the cell 

membranes in the absence of fetal bovine serum (FBS), while they were internalized by cells 

in the presence of FBS. Scale bars represent 20 μm. 
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Figure S6: Confocal laser scanning micrographs of cationic UPy-aggregates internalized by 

human kidney cells (HK-2). The UPy-aggregates were formed in the DMEM without fetal 

bovine serum (FBS) for three hours and were then incubated with the HK-2 cells for 120 min 

at the concentration of 10 μM. After that, the aggregates were washed away and the cells 

were incubated with DMEM medium containing full FBS but without UPy-aggregates for 120 

min. Scale bars represent 20 μm.

Figure S7: Zeta-potential of the UPy-aggregates with various charge properties incubated with 

the same amount of bovine serum albumin (BSA) in the medium of 5 mM HEPES buffer at pH 

7.4. The concentration of both UPy and BSA were 50 μM. 
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