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1. Instrument and Methods 

All moisture-sensitive reactions were performed in oven-dried glassware under a nitrogen atmosphere. 

Evaporations were carried out at reduced pressure using a Bruker rotary evaporator and a Virtis Benchtop K 

freeze dryer. Column chromatography was performed using silica gel 60 A, and the progress of the reactions 

was monitored by thin layer chromatography, TLC, analysis on aluminium sheets pre-coated with silica (Merck 

Silica Kieselgel 60 F254), then for identifying the compounds present in the reaction mixture, TLC-plates were 

stained with iodine, orcinol, or p-anisaldehyde stains, commercially available. The polar lipoic acid-sugar 

derivatives were purified by size exclusion chromatography via Biogel P2 column using 20 mM ammonium 

formate as an eluent to yield the desired pure product. 

All 1H and 13C NMR spectra were recorded on a Bruker AV3HD-400 (400 MHz for 1H, 100 MHz for 13C) 

spectrometer in deuterium oxide (D2O). All chemical shifts (δs) are denoted in parts per million (ppm) 

calibrated using residual undeuterated solvents as internal references (D2O: δ 1H = 4.80 ppm). The coupling 

constants (J) are in parentheses and expressed in Hertz, Hz, and the peak patterns are indicated with the 

following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, 

dt = doublet of triplets. High-resolution mass spectra (HR-MS) were obtained on a Bruker Daltonics MicroTOF 

mass spectrometer, and deconvoluted mass values (m/z) are reported in Daltons, and protein labelling 

efficiency was also calculated from the ratio of the integral of the labelled protein HR-MS peak to the sum of 

that of the labelled and unlabelled protein peaks. The mass spectrometry data were also collected using a 

Bruker HCT Ultra coupled to Ultimate 3000 HPLC (Thermo Scientific). Methanol was used as a solvent to ionise 

the products; this provides a high-precision detection of ionized samples by classifying the resulting ions by 

vacuum with respect to mass-charge ratios (m/z). 

UV-vis absorption spectra were recorded on either a Cary 60 UV-vis spectrophotometer (Agilent Technologies) 

over 200-800 nm using 1 mL quartz cuvette with an optical path length of 1 cm or on a Nanodrop 2000 

spectrophotometer (Thermo Scientific) over the range of 200-800 nm using one drop of the solution with an 

optical path length of 1 mm. All measurements were done in pure water unless otherwise stated in 

experimental procedure.  

Fluorescence quenching measurements were performed on a Horiba FluroMax 4 spectrometer, using a 0.70 

mL quartz cuvette. Centrifugations were performed using a Thermo Scientific Heraeus Fresco 21 and a 

Beckman Coulter Avanti JXN-30 centrifuge, depending on the speed and volume, at RT unless otherwise 

noted. Purification or concentration by centrifugation was carried out using Merck Millipore 10 kDa and 30 

kDa molecular weight cut-off (MWCO) Amicon Ultra centrifugal filters for protein and GNPs, respectively. 
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2. GNP Synthesis and Characterisation 

The 13 nm and 27 nm GNPs (abbreviated as G13 and G27 respectively) were synthesised in house using a 

modified literature protocol.1 Details of the GNP synthesis and purification procedures are given in 

Experimental Section.  

         

                        

 

Figure S1. Characterisation of G13. (A) UV-vis absorption spectrum of G13 peaks at ~520 nm; (B) Dh volume 

size distribution histogram fitted by Gaussian function, giving a Dh of ~16 nm; (C) Typical TEM images of G13 

with higher magnification shown as the inset; (D) TEM measured G13 diameter histograms fitted by Gaussian, 

giving a mean size of ~13 nm. 
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Figure S2. Characterisation of G27. (A) UV-vis absorption spectrum of G27 peaks at ~522 nm; (B) Dh volume 

size distribution histogram fitted by Gaussian function, giving a Dh of ~29 nm; (C) Typical TEM images of G27 

with a higher magnification image shown as the inset; (D) TEM measured G27 diameter histograms fitted by 

Gaussian, giving a mean size of ~27 nm. 

 

3. Synthesis of the LA-EG4-DiMan ligands 

LA-EG4-DiMan ligands were synthesised by copper-catalysed “clicking” reaction between LA-EG4-C≡CH and 

N3-EG2-DiMan as reported previously.2 The glycans and linkers were synthesised in-house via our established 

protocols. LA-EG4-C≡CH (50 mg, 0.120 mmol), 1-Azido-3,6-dioxaoct-8-yl--D-mannopyranosyl-(1→2)--D-

mannopyraside, N3-EG2-DiMan3 (66 mg, 0.132 mmol), CuSO4.5H2O (1.1 mg, 0.0043 mmol), TBTA (4.0 mg, 

0.0075 mmol), and sodium ascorbate (3.2 mg, 0.0162 mmol) were dissolved in 2 mL of THF/H2O (1:1, vol/vol). 

The resulting solution was stirred overnight at RT in darkness. Next day, the consumption of all starting 

compounds was confirmed by TLC. The solvent was then evaporated, and the desired ligand was purified by 

size exclusion chromatography using Biogel P2 column using ammonium formate as an eluent to obtain the 

desired product. The reaction scheme of the synthesis is given below. Its 1H, 13C NMR, and LC-MS spectra 

were shown in Figure S3 below. 

 

300 400 500 600 700 800

0.0

0.2

0.4

0.6

0.8

1.0
 27 nm GNPs

SPR peak at 522 nm 

(A)
A

b
s
o

rb
a
n

c
e

Wavelength (nm)

0 20 40 60 80 100

0

5

10

15

20

25

30

35
27 nm GNPs

  Gaussian Fit

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

Dh (nm) : 29.3 ± 0.2 nm 

(B)

24 25 26 27 28 29 30 31
0

2

4

6

8

10

12

 

 

C
o

u
n

t 

Diameter (nm)

 27 nm GNP

Av. Diameter: 27 ± 1.4 nm  

(D)



S5 
 

 

Yield 77%; TLC: (CHCl3/MeOH 3:1) Rf 0.57; 1H NMR (400 MHz, D2O) δ (ppm): 8.10 (s, 1H), 5.12 (s, 1H), 5.03 (s, 1H), 4.73 

– 4.60 (m, 3H), 4.08 (s, 1H), 3.99 (dd, 3H, J=10.2, 5.1 Hz), 3.94 – 3.82 (m, 5H), 3.69 (dt, 31H, J=12.8, 7.1, 6.7 Hz), 3.45 – 

3.30 (m, 2H), 3.30 – 2.33 (m, 2H), 2.26 (t, 2H, J=7.3 Hz), 1.99 (dt, 1H, J=12.9, 6.9 Hz), 1.78 – 1.54 (m, 4H), 1.42 (q, 1H, 

J=7.6 Hz); 13C NMR (100 MHz, D2O) δ (ppm): 176.7, 144.1, 125.5, 102.2, 98.3, 78.6, 73.2, 72.7, 70.2, 70.1, 69.9, 69.6, 

69.6, 69.5, 69.5, 69.4, 69.2, 68.9, 68.8, 68.7, 66.9, 66.8, 66.5, 66.5, 63.2, 63.1, 61.4, 61.1, 60.8, 59.3, 56.5, 50.1, 50.0, 

46.6, 40.2, 38.9, 38.1; LC-MS: calculated m/z for C37H66N4O18S2 (M+H)+ 919.38, found 919.78. 

 

A- 1H-NMR of LA-EG4-DiMan 
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Figure S3 cont. 

B- 13C-NMR of LA-EG4-DiMan 

 

C- LC-MS of LA-EG4-DiMan 

 

 

Figure S3. Spectral characterisation of LA-EG4-DiMan. (A) 1H-NMR and (B) 13C-NMR spectrum in D2O; and (C) 

LC-MS chromatogram and molecular ion peaks, the peak at 919.8 Da corresponds to the (M+H)+ peak. 
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4. GNP-glycan Production and Characterisation 

The conjugations of the LA-based glycan ligands onto GNPs were described in Experimental Section. Their Dh 

histograms were shown in Figures S4A-S4B. G13-DiMan exhibited a single Dh distribution of ∼20 nm after 

glycan ligand conjugation, while G27-DiMan exhibited a Dh ~32 nm. Their Dh values were a few nm larger than 

their corresponding citrate stabled G13/G27, consistent with the G13/27 being coated with the desired LA-

EG4-DiMan ligands. Their UV-vis spectra (Figure S4C) also overlaid well with that of the parent GNPs with no 

significant red-shift and broadening of the SPR peaks, confirming that the formed Gx-DiMan were uniform 

and isolated single particle. 

 

Figure S4. Dh histograms for (A) G13-DiMan and (B) G27-DiMan fitted by Gaussian function with fitting 

parameters shown in each graph. Data were shown in volume population. (C) UV-vis spectra of the G13-

DiMan and G27-DiMan conjugates. 

 

The GNP concentrations were calculated using the Beer-Lambert Law from their SPR peak absorbance at 

∼520 nm using an extinction coefficient of 2.32 x 108 and 2.39 x 109 M-1cm-1 for G13 and G27, respectively. 
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Figure S5. Plots of the GNP absorption extinction coefficient (Ɛ) as a function of diameter. The data were 

obtained from the Sigma-Aldrich website. (A) A linear-linear plot; (B) A log10-log10 plot reveals a good linear 

relationship (R2 = 1) with a slope of 3.19, indicating that Ɛ increases linearly with the cubic of GNP diameter 

(D3.19): i.e. the extinction coefficient of GNP roughly scales linearly with its volume.2, 4 

 

5. Determination of Glycan Valency on GNP-glycans 

After GNP-glycan purification by centrifugation, the supernatants were kept and used to determine the 

amount of unbounded free ligands using a phenol-sulfuric acid carbohydrate quantification.3, 5 A calibration 

curve was first generated using the pure LA-EG4-DiMan ligands. 80 μL of 5% phenol solution and 400 μL of 

concentrated H2SO4 were added to a series of glycan ligand solutions in H2O (80 μL) containing 2.0-20 μg of 

LA-EG4-DiMan ligand. After the resulting mixtures immediately vortexed, they were allowed to stand at RT for 

30 mins. Their absorbance at 490 nm (A490) were then recorded against a black water control. The A490-

concentration relationship was plotted by linear function to yield a calibration curve: Y = (0.03415 ± 0.0007) 

x μM-1. The supernatants and washing through filtrates were combined, freeze-dried, and then re-dissolved 

in 1.40 mL pure water. 25 μL of each solution was diluted with water to a final volume of 125 μL. This solution 

was then mixed with 125 μL of 5% phenol and 625 μL of H2SO4, and then allowed to incubate at RT for 30 

mins. The absorbance of the mixture was recorded at 490 nm and the dilution factors were then corrected to 

calculate the total amount of unconjugated glycan ligand. The measurements were done in duplicate for each 

sample and the average number of LA-DiMan ligands conjugated to each GNP were calculated as 2200 ± 172 

and 6290 ± 440 for G13-DiMan and G27-DiMan, respectively.2  

5.1. Calculation of the average inter-glycan distance on GNPs  

The average inter-glycan distance (d) of G13/G27-DiMan were calculated from the Dh and the glycan valency 

of Gx-DiMan, using the method first reported by Hill et al.6 For a Gx-DiMan with a radius of r (r = 1/2 Dh) and 

covered with N ligand, the footprint of each ligand (k) onto Gx-DiMan hydrodynamic surface was calculated 

by the equation below. 

𝑘 =
4𝜋𝑟2

𝑁
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Where r = 21.9/2 = 10.95 nm for G13-DiMan and 32.4/2 = 16.2 nm for G27-DiMan. The average deflection 

angle of each ligand on the Gx-DiMan surface (θ, in degrees) was calculated via the equation below. 

𝜃 =
2 × 180 𝑥 √

𝑘
𝜋

𝑟𝜋
 

The estimated θ for G13-DiMan and G27-DiMan (N = 2200 and 6290) were 4.88o and 2.89o, respectively. Using 

these data, the inter-glycan distance on the Gx-DiMan surface (X) was then calculated via the following 

equation and the results were summarised in Table S1 below. 

𝑋 = 2 𝑟 sin (
𝜃

2
) 

 

Table S1. Summary of the chemical and physical parameters of the G13/27-DiMan conjugates. 

GNP-glycan Glycan            
valency 

Dh       
(nm) 

Glycan footprint on 
GNP surface (nm2) 

Inter-glycan spacing (d) 
in nm 

G13-EG4-DiMan 2200 ± 170 21.9 nm 0.684 ~0.93 nm 

G27-EG4-DiMan 6290 ± 440 32.4 nm 0.524 ~0.80 nm 

 

 

 

 

6. Protein Production and Characterisation 

6.1. Wild-Type DC-SIGN and DC-SIGNR Production and Characterisation 

Wild-type DC-SIGN/R were expressed from E. coli. and purified by sepharose-mannose affinity columns as 

described previously. Their concentrations were determined from their absorbances at 280 nm using an 

extinction coefficient of 70 400 and 60 890 M-1 cm-1 per DC-SIGN and DC-SIGNR monomer, respectively.3, 5 

Their identities were confirmed by high resolution mass spectrometry (HRMS, Figure S6). The calculated MWs 

are 39197.22 and 37478.99 for DC-SIGN and DC-SIGNR, respectively, found 39201.61 and 37470.40.   
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Figure S6. HR-MS spectra of (A) wild-type DC-SIGN and (B) DC-SIGNR. 

 

Figure S7. Dh (volume population) distribution histograms for (A) wild-type DC-SIGN; (B) wild-type DC-SIGNR. 

They were fitted by Gaussian function with fitting parameters and data were shown in volume population. 
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6.2. DC-SIGN Q274C-ATTO643 and DC-SIGNR R287C-ATTO643 Production and Characterisation 

The mutant proteins DC-SIGN Q274C and DC-SIGNR R287C were produced as described previously.3, 5 They 

were concentrated using 10 kDa MWCO spin filters in a labelling buffer (20 mM HEPES, 150 mM NaCl, 25 

mM CaCl2, pH 7.2) and then Atto-643 (10 mg/mL in dry DMSO) was added at a molar ratio of 2:1 to the 

protein monomer. The mixture was vortexed, wrapped with aluminium foil and gently stirred at RT for 2 hours 

and then kept at +4 ⁰C in a fridge overnight. After that, the proteins were purified by mannose-sepharose 

affinity column and characterised by HRMS as shown in Figure S8 below. 

 

(A) 
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Figure S8. HR-MS spectra of (A) DC-SIGN-Atto 643 and (B) DC-SIGNR-Atto 643. An increase of MW of ∼882 

Da, corresponding to Atto-643 dye, was observed form both proteins. The dye labelling efficiency (per protein 

monomer) was estimated as ∼82% and ∼90% for DC-SIGN and DC-SIGNR, respectively, based on the labeled 

peak area abundance to the total proteins. 

 

 

  

(B) 
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7. Fluorescence Spectra for DC-SIGN, DC-SIGNR, and Atto-643 dye at Different pHs 

 

 

 

Figure S9. The fluorescence spectra for (A) DC-SIGN at 30 nM, (B) DC-SIGN at 50 nM, (C) DC-SIGNR at 30 nM, 

(D) DC-SIGNR at 50 nM, and (E) Atto-643 dye at different pH points over the range from 4.6 to 7.4. 
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8. Fluorescence Spectra for G13/27-DiMan+DC-SIGN/R at Different pHs. 

 

  

Figure S10. The fluorescence spectra for (A) G13-EG4-DiMan + DC-SIGN, (B) G13-EG4-DiMan + DC-SIGNR, (C) 

G27-EG4-DiMan + DC-SIGN, (D) G27-EG4-DiMan + DC-SIGNR at different pH points over the range from 4.6 to 

7.4. 
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9. Hydrodynamic Size Measurements of GNP-DiMan+DC-SIGN/R at Different pHs 

9.1 Pure G13-EG4-DiMan or DC-SIGN alone 

 

Figure S11. Dh distribution histograms (volume population) of G13-EG4-DiMan (5 nM) in a MES 

buffer under different pHs: (A) 7.4; (B) 6.2, (C) 5.4 and (D) 4.6.  
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Figure S12: Dh distribution histograms (volume population) of DC-SIGN (50 nM) in a MES buffer 

under different pHs: (A) 7.4; (B) 7.0; (C) 6.6; (D) 6.2, (E) 5.8; (F) 5.4; (G) 5.0 and (H) 4.6. 
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9.2 G13-EG4-DiMan + DC-SIGN 

 

 

Figure S13. (A-H) The DLS histograms of G13-EG4-DiMan (5 nM) + DC-SIGN (50 nM) samples at (A) pH 7.4, (B) 

pH 7.0, (C) pH 6.6, (D) pH 6.2, (E) pH 5.8, (F) pH 5.4, (G) pH 5.0, and (H) pH 4.6. (I) An optical photograph of 

the G13-EG4-DiMan + DC-SIGN samples used in DLS measurement after standing overnight. Samples at pHs 

of 4.6, and 6.2 to 7.4 remained red and showed no significant changes; while that at pH 5.8 showed reduced 

colour and those at pH 5.0 and 5.4 have precipitated out of the solution. 
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Figure S14. The DLS histograms of G13-EG4-DiMan (5 nM) + DC-SIGNR (50 nM) at (A) pH 4.6, (B) pH 5.0, (C) 

pH 5.4, (D) pH 5.8, (E) pH 6.2, (F) pH 6.6, (G) pH 7.0, (H) pH 7.4.   
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Figure S15. The representative DLS histograms (volume population) of G27-EG4-DiMan (0.5 nM) + DC-SIGN 

(30 nM) samples at (A) pH 7.4, (B) pH 7.0, (C) pH 6.6, (D) pH 6.2, (E) pH 5.8, (F) pH 5.4, (G) pH 5.0, and (H) pH 

4.6.   
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Figure S16. The DLS histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGNR (30 nM) at (A) pH 4.6, (B) pH 5.0, (C) 

pH 5.4, (D) pH 5.8, (E) pH 6.2, (F) pH 6.6, (G) pH 7.0, (H) pH 7.4.   
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10. pH-Switching Studies 

 

Figure S17. Dh (volume population) histograms for a G13-EG4-DiMan (5 nM) + DC-SIGN (50 nM) sample 

starting at pH 7.4 (A) after adding HCl to switch pH from 7.4 to 5.0 (cycle 1) over time: (B) 5 mins, (C) 10 mins; 

(D) 15 mins; (E) 20 mins; (F) 25 mins; (G) 30 mins. 
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Figure S18. Dh histograms of G13-EG4-DiMan (5 nM) + DC-SIGN (50 nM) sample as pH is switched from 5.0 to 

7.4 by adding NaOH (cycle 2) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 
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Figure S19. Dh histograms of G13-EG4-DiMan (5 nM) + DC-SIGN (50 nM) sample as pH is switched from 7.4 to 

5.0 by adding HCl (cycle 3) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 
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Figure S20. Dh histograms of G13-EG4-DiMan (5 nM) + DC-SIGN (50 nM) sample as pH is switched from 5.0 to 

7.4 by adding NaOH (cycle 4) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 

 

 

 

0 50 100 150 200 250 300 350 400

0

5

10

15

20

25
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH5mins

xc 101.70206 ± 1.07428

A 1376.7825 ± 57.43192

w 58.5067 ± 2.55125

Reduced Chi-Sqr 1.33803

R-Square (COD) 0.95628

Adj. R-Square 0.9533

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

4. cycle - 5 mins after adding NaOH                                

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(A)

0 100 200 300 400 500

0

5

10

15

20

25
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH10mins

xc 96.2101 ± 0.93929

A 1312.36383 ± 52.24326

w 53.22298 ± 2.24405

Reduced Chi-Sqr 1.32229

R-Square (COD) 0.95831

Adj. R-Square 0.95553

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

4. cycle - 10 mins after adding NaOH                                

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

Hydrodynamic size (nm) 

(B)

0 100 200 300 400

0

5

10

15

20

25
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH15mins

xc 59.28684 ± 0.66833

A 805.06733 ± 34.86738

w 35.70828 ± 1.59585

Reduced Chi-Sqr 1.3478

R-Square (COD) 0.95545

Adj. R-Square 0.95226

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

4. cycle - 15 mins after adding NaOH                                

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

Hydrodynamic size (nm) 

(C)

0 100 200 300 400

0

5

10

15

20

25

30
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH20mins

xc 65.37153 ± 0.4812

A 916.36251 ± 31.0833

w 31.52983 ± 1.13949

Reduced Chi-Sqr 1.18886

R-Square (COD) 0.97091

Adj. R-Square 0.96883

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

4. cycle - 20 mins after adding NaOH                                

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(D)

0 100 200 300 400

0

5

10

15

20

25

30
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH25mins

xc 66.21448 ± 0.52073

A 924.21787 ± 33.06135

w 32.40361 ± 1.23259

Reduced Chi-Sqr 1.28689

R-Square (COD) 0.96784

Adj. R-Square 0.96554

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

4. cycle - 25 mins after adding NaOH                                

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(E)

0 100 200 300 400

0

5

10

15

20

25

30

35
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 4NaOH30mins

xc 65.70172 ± 0.35994

A 935.52108 ± 25.1631

w 29.52556 ± 0.85284

Reduced Chi-Sqr 0.84049

R-Square (COD) 0.98137

Adj. R-Square 0.98004

G13-LA-EG4-DiMan + WT-DCSIGN (PGR: 10) (pH 7.4)                                   

4. cycle - 30 mins after adding NaOH                                

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(F)



S25 
 

 

 

 

 

Figure S21. Dh histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGN (30 nM) sample starting at pH 7.4 (A) as pH 

is switched to 5.0 by adding HCl (cycle 1) over time: (B) 5 mins, (C) 10 mins; (D) 15 mins; (E) 20 mins; (F) 25 

mins; (G) 30 mins. 
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Figure S22. Dh histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGN (30 nM) sample as pH is switched from 5.0 

to 7.4 by adding NaOH (cycle 2) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 

30 mins. 
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Figure S23. Dh histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGN (30 nM) sample as pH is switched from 7.4 

to 5.0 by adding HCl (cycle 3) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 
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Figure S24. Dh histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGN (30 nM) sample as pH is switched from 5.0  

to 7.4 by adding NaOH (cycle 4) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 

30 mins. 
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Figure S25. Dh histograms of G13-EG4-DiMan (5 nM) +DC-SIGNR (50 nM) starting at pH 5.0 (A) after pH is 

switched to 7.4 by adding NaOH (cycle 1) over time: (B) 5 mins, (C) 10 mins; (D) 15 mins; (E) 20 mins; (F) 25 

mins; (G) 30 mins.  
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Figure S26. Dh histograms of G13-EG4-DiMan (5 nM) +DC-SIGNR (50 nM) after pH is switched from 7.4 to 5.0 

by adding HCl (cycle 2) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 mins.  
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Figure S27. Dh histograms of G13-EG4-DiMan (5 nM) +DC-SIGNR (50 nM) after pH is switched from 5.0 to 7.4 

by adding NaOH (cycle 3) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 mins.  
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Figure S28. Dh histograms of G13-EG4-DiMan (5 nM) +DC-SIGNR (50 nM) after pH is switched from 7.4 to 5.0 

by adding HCl (cycle 4) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 mins. 
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Figure S29. Dh histograms of G27-EG4-DiMan (0.5 nM) + DC-SIGNR (30 nM) starting at pH 5.0 (A) after pH is 

switched to 7.4 by adding NaOH (cycle 1) over time: (B) 5 mins, (C) 10 mins; (D) 15 mins; (E) 20 mins; (F) 25 

mins; (G) 30 mins.  
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Figure S30. Dh histograms of G27-EG4-DiMan (0.5 nM) +DC-SIGNR (30 nM) after pH is switched from 7.4 to 

5.0 by adding HCl (cycle 2) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 

0 500 1000 1500 2000 2500 3000

0

5

10

15

20

25

30

35
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI5mins

xc 907.2761 ± 3.2976

A 13078.69331 ± 221.01037

w 417.12362 ± 7.63218

Reduced Chi-Sqr 0.35417

R-Square (COD) 0.98818

Adj. R-Square 0.98764

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 5 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(A)

0 500 1000 1500 2000 2500 3000 3500

0

5

10

15

20

25

30
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI10mins

xc 1188.68006 ± 6.33017

A 16791.8361 ± 341.18741

w 677.31122 ± 14.66642

Reduced Chi-Sqr 0.38038

R-Square (COD) 0.98367

Adj. R-Square 0.98292

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 10 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(B)

0 500 1000 1500 2000 2500 3000

0

5

10

15

20

25

30

35
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI15mins

xc 981.09112 ± 2.92861

A 14172.57683 ± 206.02875

w 431.45956 ± 6.88037

Reduced Chi-Sqr 0.27856

R-Square (COD) 0.99112

Adj. R-Square 0.99071

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 15 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(C)

0 500 1000 1500 2000 2500 3000

0

5

10

15

20

25

30

35
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI20mins

xc 1167.9674 ± 3.38537

A 16748.04559 ± 237.13195

w 508.83469 ± 7.87547

Reduced Chi-Sqr 0.26125

R-Square (COD) 0.99175

Adj. R-Square 0.99137

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 20 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(D)

0 500 1000 1500 2000 2500 3000

0

5

10

15

20

25

30

35

40

45
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI25mins

xc 1006.74402 ± 1.52019

A 14782.61236 ± 139.95242

w 343.37558 ± 3.70047

Reduced Chi-Sqr 0.15931

R-Square (COD) 0.99619

Adj. R-Square 0.99601

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 25 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(E)

0 500 1000 1500 2000 2500 3000

0

5

10

15

20

25

30

35

40
Model Gaussian

Equation
y = y0 + A/(w*sqrt(pi/(4*ln(2)))) * exp(

-4*ln(2)*(x-xc)^2/w^2)

Plot 2HCI30mins

xc 1006.77611 ± 2.72095

A 14617.0341 ± 212.98709

w 398.56559 ± 6.44817

Reduced Chi-Sqr 0.31714

R-Square (COD) 0.99102

Adj. R-Square 0.99061

G27-LA-EG4-DiMan + WT-DCSIGNR (PGR: 60) (pH 5.0)                                   

2. cycle - 30 mins after adding HCI                              

V
o

lu
m

e
 P

o
p

u
la

ti
o

n
 (

%
)

Hydrodynamic size (nm) 

(F)



S35 
 

 

 

 

Figure S31. Dh histograms of G27-EG4-DiMan (0.5 nM) +DC-SIGNR (30 nM) after pH is switched from 5.0 to 

7.4 by adding NaOH (cycle 3) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins.  
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Figure S32. Dh histograms of G27-EG4-DiMan (0.5 nM) +DC-SIGNR (30 nM) after pH is switched from 7.4 to 

5.0 by adding HCl (cycle 4) over time: (A) 5 mins, (B) 10 mins; (C) 15 mins; (D) 20 mins; (E) 25 mins; (F) 30 

mins. 
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