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1. Synthe2c Procedures 
1.1 Dryad Data Repository 
The data and methods for processing the data are described in the manuscript and SI can be found at 
https://doi.org/10.5061/dryad.fttdz092d. 
 
1.2 Materials and Methods 
All commercially obtained reagents were bought from Sigma Aldrich, Oakwood Chemicals, or Fisher 
Scien+fic and were used without purifica+on. Tert-butyl hypochlorite was prepared using a literature 
procedure.1 Anhydrous dichloromethane was dispensed from a solvent purifica+on system immediately 
before use. Anhydrous dimethylformamide was purchased from Fisher Scien+fic. Room temperature 
reac+ons were carried out between 18–22 ◦C. Unless otherwise noted, reac+ons were performed under 
an inert atmosphere of nitrogen. Thin layer chromatography (TLC) was performed using Merck TLC plates 
(silica gel 60 F254 on aluminum) and visualized by UV light (254 nm) or staining with p-anisaldehyde. 
Silica gel chromatography was performed using normal phase silica gel from Geduran (technical grade, 
60 Å pore size, 40–63 μm par+cle size). 1H- and 13C-NMR were recorded on Bruker spectrometers (400 
MHz or 500 MHz) and are reported rela+ve to CDCl3, DMSO-d6, or 10 vol% D2O in water. Mass spectra 
were obtained from the UCSB DCB Mass Spectrometry Facility on a quadropole-+me of flight mass 
analyzer with an ESI source. FTIR spectra were collected on a Thermo Nicolet iS10 FTIR Spectrometer 
equipped with a Smart Diamond aJenuated total reflectance accessory. 
 
1.3 Synthesis of azoEDTA 
Oxida+ve dimeriza+on of ethyl 4-aminobenzoate to 1: 

 
(E)-Diethyl 4,4ʹ-(Diazene-1,2-diyl)dibenzoate (1): 
The procedure to prepare compound 1 was modified from a literature procedure.2 Diethyl ether (145 
mL) was added to a 250 mL round boJom flask with ethyl 4-aminobenzoate (4.0 g, 24.2 mmol, 1.0 equiv) 
and sodium iodide (7.3 g, 48.4 mmol, 2.0 equiv) to form a slurry. The reac+on was s+rred at room 
temperature, and tert-butyl hypochlorite (5.3 mg, 48.4 mmol, 2.0 equiv) was added slowly. The reac+on 
was quenched ager 3 hours with 1 M Na2S2O3 (500 mL) and transferred to a separatory funnel. The 
solu+on was extracted with CH2Cl2 (2x 300 mL). The organic layer was washed with water (4x 300 mL), 
dried over Na2SO4, and concentrated to give a bright orange solid. The crude product was subjected to 
flash column chromatography (hexanes:ethyl acetate 9:1) to yield compound 1 (2.9 g, 9.0 mmol, 74%). 
Spectral data matched that reported in literature.2 

 
Compound 1: 1H NMR (500 MHz, CDCl3) δ 8.22 (d, 4H, J = 8.8 Hz), 7.99 (d, 4H, J = 8.8 Hz), 4.43 (q, 4H, J = 
7.1 Hz), 1.44 (t, 6H, J = 7.1 Hz) ppm 
 
Saponifica+on of 1 to 2: 
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(E)-4,4'-(diazene-1,2-diyl)dibenzoic acid (2): 
Compound 1 (2.3 g, 7.2 mmol, 1.0 equiv) was dissolved in THF (approximately 60 mL) and added to a 
round boJom flask with 1 M NaOH solu+on (900 mL, 900 mmol, 125 equiv). The reac+on was s+rred at 
ambient atmosphere for 18 h at 50 ◦C, cooled to room temperature, and acidified with concentrated HCl 
un+l the product precipitated (approximately 90 mL). The product was filtered and dried to yield 
compound 2 (1.8 g, 6.8 mmol, 94%) as an orange solid. 
 
Compound 2: 1H NMR (400 MHz, DMSO-d6) δ 8.16 (d, 4H, J = 8.7 Hz), 8.01 (d, 4H, J = 8.8 Hz), 4.43 (q, 4H, 
J = 7.1 Hz), 1.44 (t, 6H, J = 7.1 Hz) ppm 
 
Boc-protec+on of ethylenediamine 3: 

 
Tert-butyl (2-aminoethyl)carbamate (3): 
1,2-Ethylenediamine (12.6 mL, 192.4 mmol, 6.9 equiv) was dissolved in 60 mL of anhydrous DCM in a 
round boJom flask and cooled to 0 ◦C. Di-tert-butyl dicarbonate (6.1 g, 27.8 mmol, 1.0 equiv) was 
dissolved in 140 mL of anhydrous DCM and the solu+on was added to the reac+on flask dropwise. The 
reac+on was then warmed up to room temperature. Ager 48 h, the reac+on mixture was concentrated 
down to a yellow residue then redissolved in saturated K2CO3. The solu+on was transferred to a 
separatory funnel and extracted with CH2Cl2 (3x 150 mL). The organic layer was washed with brine (200 
mL), dried with Na2SO4, and concentrated to a yellow oil (4.3 g, 26.7 mmol, 96%).  
 
Compound 3: 1H NMR (400 MHz, CDCl3) δ 4.84 (b, 1H), 3.17 (dt, 2H, J = 6.0, 6.0 Hz), 2.80 (t, 2H, J = 5.9 
Hz), 1.45 (s, 9H), 1.13 (b, 2H) ppm 
 
N-Alkyla+on/nucleophilic subs+tu+on of 3 with halogenated ester to 4: 

 
diethyl 2,2'-((2-((tert-butoxycarbonyl)amino)ethyl)azanediyl)diacetate (4): 
Boc-protected ethylenediamine (410 mg, 2.6 mmol, 1.0 equiv), potassium iodide (1.2 g, 7.5 mmol, 2.9 
equiv), and potassium carbonate (6.2 g, 45.0 mmol, 17.6 equiv) were dissolved in 5 mL of DMF in a round 
boJom flask. The reac+on was cooled to 0 ◦C. Ethyl bromoacetate (0.83 mL, 7.5 mmol, 2.9 equiv) was 
added and the reac+on was s+rred at room temperature for 16 hours. The reac+on was quenched with 
3 mL of 1 M NaOH and transferred to a separatory funnel. The product was extracted with ethyl acetate 
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(3x 100 mL). The organic layer was washed with water (4x 150 mL), dried over Na2SO4, and concentrated 
to a yellow oil. The crude product was subjected to flash column chromatography (hexanes:ethyl acetate 
4:1) to yield compound 4 as a clear oil (725 mg, 2.2, 85%). Spectral data match that reported in literature.3 

 
Compound 4: 1H NMR (400 MHz, CDCl3) δ 5.53 (b, 1H), 4.17 (q, 4H, J = 7.1 Hz), 3.52 (s, 4H), 3.16 (dt, 2H, 
J = 5.5, 5.4 Hz), 2.85 (t, 2H, J = 4.8 Hz), 1.44 (s, 9H), 1.27 (t, 6H, J = 7.1 Hz) ppm 
 
Boc-deprotec+on of 4 to make primary amine 5: 

 
diethyl 2,2'-((2-aminoethyl)azanediyl)diacetate (5): 
Compound 5 (610 mg, 1.8 mmol, 1 equiv) was dissolved in 9 mL of CH2Cl2 in a round boJom flask and 
cooled to 0 ◦C under an ambient atmosphere. Trifluoroace+c acid (2.2 mL, 28.8 mmol, 15.6 equiv) was 
dissolved in 9 mL CH2Cl2 and the solu+on was added dropwise to the reac+on. The reac+on was warmed 
up to room temperature and s+rred for 5 h. The solvent was removed and isolated as a trifluoroacetate 
salt (616 mg, 1.8 mmol, 97%). 
 
Compound 5: 1H NMR (400 MHz, DMSO-d6) δ 7.59 (b, 3H), 4.10 (q, 4H, J = 7.1 Hz), 3.58 (s, 4H), 2.86 (s, 
4H), 1.20 (t, 6H, J = 7.1 Hz) ppm 
 
Amide forma+on via HATU-coupling of 2 and 5 to 6: 

 
tetraethyl 2,2',2'',2'''-((((4,4'-(diazene-1,2-diyl)bis(benzoyl))bis(azanediyl))bis(ethane-2,1-diyl))- 
bis(azanetriyl))(E)-tetraacetate (6): 
The procedure to prepare compound 6 was modified from a literature procedure.4 To a round boJom 
flask equipped with a s+r bar was added compound 2 (150 mg, 0.6 mmol, 1.0 equiv) and HATU (640 mg, 
1.7 mmol, 3.0 equiv). DMF was added (10 mL) to form an orange slurry and the reac+on was s+rred at 
room temperature. N,N-diisopropylethylamine (0.8 mL, 4.59 mmol, 8.2 equiv) was added to the reac+on 
and the solu+on turned dark red and transparent. The reac+on was s+rred for 15 minutes. Compound 5 
(454 mg, 2.0 mmol, 3.5 equiv) was dissolved in 2 mL DMF and 0.39 mL of N,N-diisopropylethylamine 
(1.1:1 DIPEA:amine) was added to deprotonate the amine. The amine solu+on was added dropwise to 
the reac+on mixture. The reac+on was quenched with water (10 mL) ager 16 hours and transferred to a 
separatory funnel. The product was extracted with ethyl acetate (2x 100 mL). The organic layer was 
washed with water (4x 150 mL), dried over Na2SO4, and concentrated. The crude product was purified 
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via plug (CH2Cl2:ethyl acetate 2:1) to yield compound 6 as a bright orange solid (263 mg, 0.4 mmol, 68%). 
Spectral data match that reported in literature.5 

 
Compound 6: 1H NMR (500 MHz, CDCl3) δ 8.15 (d, 4H, J = 8.4 Hz), 8.12 (t, 2H, J = 4.4 Hz), 7.99 (d, 4H, J = 
8.2 Hz), 4.20 (q, 8H, J = 7.2 Hz), 3.58 (s, 8H), 3.50 (dt, 4H, J = 7.7, 4.4 Hz), 2.99 (t, 4H, J = 5.4 Hz), 1.28 (t, 
12H, J = 7.1 Hz) ppm; 13C-NMR (125 MHz, CDCl3): δ 171.9, 166.5, 154.0, 136.37, 128.4, 122.9, 60.9, 55.2, 
52.2, 38.0, 14.2 ppm. 
 
Acid forma+on via ester saponifica+on of 6 to 7: 

 
(E)-2,2',2'',2'''-((((4,4'-(diazene-1,2-diyl)bis(benzoyl))bis(azanediyl))bis(ethane-2,1-diyl))-
bis(azanetriyl))tetraaceMc acid (7): 
Compound 6 (101 mg, 0.1 mmol, 1.0 equiv) was dissolved in minimal THF (~1.5 mL), diluted with 
deionized water (5.5 mL), and cooled to 0 ◦C. Sodium hydroxide (458 mg, 11.4 mmol, 81.7 equiv) was 
added and the reac+on s+rred for 30 minutes. The ice bath was removed and the reac+on s+rred for 4 
hours at room temperature. The organic solvent was evaporated and the aqueous mixture was 
transferred to dialysis tubing (Spectrum Labs, 0.1-0.5 kDa Biotech CE Dialysis Kit). The product was 
dialyzed against MilliQ water to remove salt (1,000-fold excess of dialyte). The solvent was removed to 
give an orange solid (81.9 mg, 0.1 mmol, 97%). 
 
Compound 7: 1H NMR (500 MHz, DMSO-d6) δ 8.62 (t, 2H, J = 5.1 Hz), 8.07 (d, 4H, J = 8.5 Hz), 7.98 (d, 4H, 
J = 8.4 Hz), 3.52 (s, 8H), 3.37 (q, 4H, J = 6.1 Hz), 2.87 (t, 4H, J = 6.4 Hz) ppm; 13C-NMR (125 MHz, CDCl3): δ 
173.0, 165.3, 153.2, 137.1, 128.43, 122.6, 54.7, 52.5, 38.0 ppm; FTIR (ATR) 3266, 3008, 2970, 1742, 1610, 
1548, 1493, 1400, 1294, 1141, 973, 861, 773 cm-1; HRMS (ES+) Exact mass cald. For C26H30N6O10 [M+H]+: 
587.2101, found: 587.2102. 
 
2. Reflec2n Protein System Prepara2on 
The pH of solu+ons was measured with an Orion Star A111 Benchtop pH meter and an Orion PerpHecT 
ROSS combina+on pH microelectrode (Thermo Fisher Scien+fic, Waltham, MA). Nanopure water 
(Thermo Fisher Scien+fic, Waltham, MA) was used for all solu+on prepara+on. 
 
2.1 ReflecMn PurificaMon and Dialysis 
Reflec+n A1 wildtype protein was expressed and purified according to literature procedures.6 Lyophilized 
protein was solubilized with the addi+on of 20 mM, pH 4.50 sodium acetate buffer. The buffer solu+on 
was filtered with a sterile, 0.2 μm Steritop boJle top filter and centrifuged at 14,000 rpm for 10 min to 
remove dust contaminants. The absence of dust was confirmed by DLS. To remove contaminants and 
excess salt, the protein was dialyzed 1,000-fold against a buffer solu+on (with pH and chemical 
composi+on as described) using a 10,000 MWCO dialysis cup. Protein concentra+on was determined by 
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measuring absorbance at 280 nm using a previously determined molar ex+nc+on coefficient of 120,865 
M-1 cm-1. Protein was stored at 4 ◦C before use. 
 
2.2 Sample PreparaMon 
Stock solu+ons of azoEDTA or other mul+valent small molecules were prepared volumetrically with a pH 
4.50, 20 mM acetate buffer, unless otherwise specified. The pH was adjusted with 0.5 mM solu+ons of 
NaOH or HCl in NanoPure water. Total ionic strength of the solu+ons was calculated ager pH adjustment 
according to  

I = !
"
∑ c#z#"$
#%!                    (S1) 

where I is the total ionic strength of the solu+on, calculated from the concentra+on, ci, and the valency, 
zi, of each species i. Prior to use with reflec+n, all solu+ons were filtered with a sterile, 0.2 μm Acrodisc 
syringe filter and were centrifuged to remove dust contaminants. The photoswitch solu+on was leg to 
thermally equilibrate in the dark for two days. 
 
Unless otherwise specified, solu+ons for experimenta+on were prepared by dilu+ng reflec+n in 20 mM, 
pH 4.50 acetate buffer to 8 μM of reflec+n monomer in a total volume of 110 μL. A stock solu+on of 
mul+valent small molecules or photoswitch was added to the dilute protein sample at a specified 
concentra+on. The solu+on was mixed with a micropipeJe immediately and equilibrated for two hours 
in the dark prior to experimenta+on. 
 
3. Characteriza2on of Reflec2n-azoEDTA Complexes 
3.1 Dynamic Light ScaSering 
Dynamic light scaJering was performed on a Malvern Zetasizer Nano ZS with pre-equilibrated 110 μL 
samples. The cuveJe was equilibrated to 20 ◦C for 30 s prior to measurement. Five measurements were 
taken for each sample, each consis+ng of 5 runs for 10 s each. 
 
3.2 Circular Dichroism 
Circular dichroism spectroscopy was performed on a Jasco J-1500 circular dichroism spectrophotometer 
using a 0.5 mm pathlength demountable cuveJe (Aireka Scien+fic Co., Hong Kong, China). A background 
measurement was collected using 110 μL of 20 mM, pH 4.50 acetate buffer. Data shown are the average 
of 4 measurements in the wavelength range of 400 nm to 185 nm with scanning speed of 50 nm/min and 
data integra+on +me (DIT) of 4 s. For irradia+on experiments, one measurement was collected and 
averaged over 4 independent experiments, due to structural dynamics of the system that change on the 
+mescale of the measurements. High tension values are < 480 V for all data shown. Spectra were 
smoothed using the Savitzky-Golay func+on in Matlab with order 7 and frame length 11. 
 
3.3 Protein Assembly PrecipitaMon and Turbidity Experiments 
Ager equilibra+on for two hours, the absorbance spectrum of azoEDTA-reflec+n solu+ons with 0–
480 μM photoswitch was taken using a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scien+fic, 
Waltham, MA). Absorbance at 400 nm was used to calculate turbidity according to 

𝑇 = 100%	 × (1 − 10&'!"")      (S2) 
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The contribu+on of azoEDTA to total absorp+on at 400 nm was subtracted from the measured absorp+on 
using the molar ex+nc+on coefficient of azoEDTA at 400 nm and the known concentra+on. The turbidity 
data was fit to a sigmoidal func+on in Matlab, 

𝑇 = 100%	 × /0.0595 + (.*+,

!-./01#$#%&'()*+,-./.1 2
4       (S3) 

The R2 of the fits are all > 0.998 with root mean squared error < 0.02. 
For protein precipita+on measurements, samples were centrifuged at 14,000 rpm for 40 min at 20 ◦C and 
the absorbance spectrum of the supernatant was measured. DLS measurements of the supernatant 
confirmed that all azoEDTA-reflec+n assemblies were precipitated and only free (i.e., non-interac+ng) 
reflec+n monomers and azoEDTA were present in the supernatant. The concentra+on of soluble reflec+n 
and azoEDTA in the supernatant was calculated using absorbances at 280 nm and 330 nm, respec+vely.  

c345678' =
'22#
922#

5!(
$	;<
!	<

6                       (S4) 

The percentage of free, or unbound, azoEDTA was calculated using the concentra+on of photoswitch in 
the supernatant. 

Free	AzoEDTA = 5=3456789
=:;:<:3=

6 × 100%     (S5) 

AzoEDTA has non-negligible absorbance at 280 nm (Fig. S25). The absorbance of the photoswitch was 
subtracted from the total absorbance at 280 nm to calculate reflec+n concentra+on. 

c>.?@.=A#$ =
'./"&9345,	./"∗=3456789

9@AB=AC<:;,	./"
                          (S6) 

Soluble	protein = =@AB=AC<:;
C	DE

× 100%            (S7) 

The concentra+on of reflec+n and azoEDTA in the pellet was calculated by subtrac+ng the concentra+on 
of soluble protein and azoEDTA from the concentra+on of each component added during sample 
prepara+on.  

m>.?@.=A#$,	0.@@.A =
C	DE	&=@AB=AC<:;

!!(	DG
     (S8) 

m345,	0.@@.A =
=:;:<:3=	&=3456789

!!(	DG
      (S9) 

E5@.H	0I5A5HJ#A=I
E5@.H	0>5A.#$

= K3456789,	DA==A<

K@AB=AC<:;,	DA==A<
                  (S10) 

Each measurement was repeated three +mes. The results were averaged and the error shown (Fig. 4) 
represents the standard devia+on from 3 separate calcula+ons. 
 
For precipita+on experiments with the photosta+onary state (PSS) of azoEDTA, the photoswitch was 
irradiated with 365 nm light for 40 min prior to sample prepara+on to ensure the PSS had been reached. 
Control measurements were performed with a reflec+n-only and trans-azoEDTA-only solu+on; no change 
in absorbance was measured following centrifuga+on (Fig. S25). 
 
3.4 Sample IrradiaMon 
A 2 mm path length quartz cuveJe with sample solu+on was irradiated for 20 min with 365 nm collimated 
LED lamp and 8 min with 470 nm collimated LED lamp (Thorlabs M365L2-C1 andM470L3-C1, Newton, 
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NJ). The 365 nm and 470 nm LED bulbs had light intensi+es of 178 mW cm-2 and 108 mW cm-2, 
respec+vely, and were measured with a Newport Power Meter (Model 843-R, Irvine, CA). Since 
con+nuous mixing leads to aggrega+on, the solu+on was gently pipeJe-mixed every 5 min during 
irradia+on. 
 
3.5 PhotostaMonary State and Half-Life of cis-azoEDTA 
A 3.1 mM solu+on of azoEDTA in 20 mM acetate buffer (pH 4.50) with 10 vol% D2O was prepared and 
stored in the dark for 3 days. The solu+on was irradiated with 365 nm light for 30 min, or un+l the 
photosta+onary state had been reached by UV-Vis. 1H-NMR (500 MHz) spectra were collected before and 
immediately ager irradia+on. Integra+on of the peaks for aroma+c and amide protons were used to 
quan+fy the frac+on of trans-azoEDTA and cis-azoEDTA in mixture. The sample was stored in the dark 
and 1H-NMR spectra were recorded for several weeks to determine the half-life of the cis isomer. The 
rate constant of thermal relaxa+on was calculated by fiyng the data to a first order rate equa+on in 
Matlab. 
 
3.6 UV-Vis Spectroscopy 
UV-Vis measurements for samples with volume > 350 μL were conducted on an Agilent UV-Vis 
Spectrometer in the wavelength range of 200 nm to 800 nm using a quartz cuveJe. UV-Vis measurements 
for sample volumes < 350 μL were taken using a NanoDrop 1000 Spectrophotometer (Thermo Fisher 
Scien+fic, Waltham, MA). A sample volume of 2 μL was used for each measurement. All UV-Vis 
measurements were blanked with the appropriate buffer solu+on. 
 
3.7 Time-dependent UV-Vis Spectroscopy 
Photoinduced op+cal absorbance kine+cs were measured on a home-built pump-probe set-up. The 
probe beam was generated by a Deuterium-Tungsten Halogen UV-Vis light source (Ocean Op+cs DH-
MINI) and the pump beam was generated by LED light sources at 365 nm and 470 nm (Thorlabs M365FP1 
and M470F4, respec+vely). The 365 nm and 470 nm LED bulbs had light intensi+es of 0.26 mW cm-2 and 
0.31 mW cm-2, respec+vely, and were measured with a Newport Power Meter (Model 843-R, Irvine, CA). 
Both beams were coupled into mul+mode op+cal fibers terminated with an output collimator. The 
experiments were controlled by a LabVIEW program that measured op+cal absorp+on spectra of the 
sample and controlled the pump and probe light sources. Further details can be found in previous 
literature.7 

 
3.8 KineMc Modelling  
Data collected from the pump-probe experiments were fit to first-order exponen+al models in Matlab 
using the absorbance at the maximum absorbance wavelength. The photoisomeriza+on of azoEDTA (λmax 
= 333 nm) was modeled using a first order, monoexponen+al func+on 

𝐴𝑏𝑠L,ME'F	
= 𝐴𝑏𝑠NOO,ME'F + (𝐴𝑏𝑠( − 𝐴𝑏𝑠NOO,ME'F	)𝑒

&P-,GHII∗L   (S11) 
where AbsPSS,λ is the absorbance at the photosta+onary state ager irradia+on with λ = 365 or 470 nm 
light, Abs0 is the sample absorbance prior to irradia+on, and kA,λ is the first-order rate coefficient of the 
photoisomeriza+on ager irradia+on with λ. The fiJed rate constants are given in Table S1. 
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The reflec+n-azoEDTA system (λmax = 338 nm) was modeled using a first-order, biexponen+al func+on to 
obtain rate coefficients for the photoisomeriza+on and protein assembly processes. The assembly-
disassembly of reflec+n-azoEDTA complexes was assumed to be a pseudo-first order process. This 
strategy has been shown for biological and inorganic systems that are s+muli-responsive and involve 
molecular or conforma+onal rearrangement.8–12 The reversible photoswitching and assembly processes 
contribute separately to the measured absorbance (via light absorp+on and light scaJering, respec+vely) 
with different +mescales. Therefore, we assume they can be approximated as independent processes, 
thus making the biexponen+al model given by Equa+on S12 suitable to es+mate rate coefficients.13  

𝐴𝑏𝑠L,ME'F = 𝐴𝑏𝑠NOO,ME'F + L𝐴𝑏𝑠( − 𝐴𝑏𝑠NOO,ME'FML𝑒
&P-,GHII∗L + 𝑒&PJ,GHII∗LM (S12) 

In this equa+on, kR,λ is the pseudo-first-order rate coefficient associated with protein (dis)assembly ager 
irradia+on with λ. The fiJed rate constants are given in Table S2. Due to noise in the data, the R2 of the 
fits from Equa+ons S11 and S12 are all > 0.94 with root mean squared error < 0.004 for all fits. 
 
4. Results and Discussion 
4.1 Physical Crosslinking of small molecules with reflecMn A1 protein 
 

 
Figure S1. Calculated net charge of reflec+n A1 wildtype sequence from pH 0–14 using the Henderson-
Hasselbalch equa+on. All ionizable pKa values can be found in literature.14 Calcula+ons were performed 
in Matlab with pH increments of 0.01. 
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Figure S2. A) The valency and size of chela+ng agents with deprotonated carboxylate groups was varied. 
B) The hydrodynamic diameter (‹DH›) of reflec+n increased with concentra+on of chela+ng agents with 
more than two acid units. DLS measurements were taken with 50 μL solu+ons with 20 μM reflec+n at pH 
7.50 in a 10 mM MOPS buffer. The error bars represent one standard devia+on of average diameter. 

 

 
Figure S3. The mean hydrodynamic diameter (‹DH›) of reflec+n assemblies is dependent on pH and EDTA 
concentra+on. All samples were prepared with 20 μM reflec+n. At pH 4.50, a 10 mM acetate buffer was 
used for protein dialysis and all sample prepara+on. At pH 7.50, a 10 mM MOPS buffer was used for 
protein dialysis and all sample prepara+on. 
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Figure S4. In equivalent ionic strength solu+ons (6 mM anion concentra+on), ethylenediamine tetraace+c 
acid (EDTA) and sodium chloride (NaCl) show different capacity to drive reflec+n assembly forma+on at 
A) pH 4.50 (10 mM acetate buffer) and B) pH 7.50 (10 mM MOPS buffer), suppor+ng the hypothesis that 
mul+valent molecules such as EDTA form physical crosslinks with reflec+n proteins. All samples were 
prepared with 20 μM reflec+n and the control sample is a reflec+n-only solu+on. 
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4.2 Photochemical properMes of azoEDTA 

 
Figure S5. Titra+on on dark-equilibrated azoEDTA was performed by dissolving it (to 2 mM concentra+on) 
in a standardized solu+on of 16 mM NaOH and +tra+ng with a standardized 25 mM solu+on of HCl. Two 
apparent pKa values occur at pH 11.1 and 8.2. We aJribute these to deprotona+on of the ter+ary amines, 
which is consistent with literature pKas for EDTA.15 Precipita+on of the photoswitch was observed at pH 
3.0, which we aJribute to protona+on of a carboxylate group. 
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Figure S6. Molar ex+nc+on coefficient of azoEDTA in 20 mM, pH 4.50 acetate buffer. Samples were 
prepared and thermally equilibrated for 3 days. A) AzoEDTA solu+ons had concentra+ons between 10 
and 767 μM [not all shown], and the maximum absorbance wavelength, λmax, is 331 nm. B) The 
absorbance at λmax was fit using Matlab and the molar ex+nc+on coefficient ~16,670 1/(M*cm). The 
absorbance at 280 nm was fit and the molar ex+nc+on coefficient ~4,940 (1/M*cm). C) For absorbance 
values between 0 and 1, the absorbance at λmax was fit and the molar ex+nc+on coefficient ~17,620 
1/(M*cm). The absorbance at 280 nm was fit and the molar ex+nc+on coefficient ~5,560 (1/M*cm). 
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Figure S7. Solu+on-state 1H NMR spectrum (500 MHz, 10 vol% D2O) spectra of 3.1 mM azoEDTA in 20 
mM acetate buffer (pH 4.50) ager A) thermal equilibra+on in the dark for 3 days, B) irradia+on with 365 
nm light for 40 min, and C) irradia+on with 470 nm light for 15 min. 
 
 

 
Figure S8. Thermal relaxa+on of cis-azoEDTA to trans-azoEDTA follows first-order rate kine+cs where k = 
0.069 day-1. Percent of cis isomer present in the solu+on was calculated using rela+ve 1H-NMR 
integra+ons from a 3.1 mM azoEDTA solu+on in 20 mM acetate buffer (pH 4.50) with 10 vol% D2O. 
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Figure S9. Pump-probe measurements of a 240 μM azoEDTA solu+on prepared in 20 mM acetate buffer 
(pH 4.50). The sample was irradiated in a quartz cuveJe with 2 mm path length. The purple box 
represents irradia+on with 365 nm light and the blue box represents 470 nm.  A) First photoisomeriza+on 
cycle of azoEDTA using pump-probe. The trans→cis and the cis→trans absorp+on data (black dots) were 
fit in Matlab (gray lines) to extract first-order rate coefficients: kA,365 = 0.00082 ± 0.0001 s-1 and kA,470 = 
0.083 ± 0.008 s-1, respec+vely. B) AzoEDTA photoresponse does not show photofa+gue over 5 cycles. 
Rate coefficients are provided in Table S1 and, for all cycles, were within the uncertainty of those 
calculated from the first cycle. 
 
Table S1. Photoswitching kine+cs of azoEDTA in 20 mM, pH 4.50 acetate buffer. The data were fit to a 
first-order rate equa+on in Matlab given by Equa+on S11. The error given was es+mated from the fit of 
the model. 

Cycle kA,365 [min-1] kA,470 [min-1] 

1 (8.59±0.1) x 10-3 (9.10±0.7) x 10-2 

2 (8.48±0.1) x 10-3 (8.42±0.5) x 10-2 

3 (7.85±0.1) x 10-3 (9.03±0.6) x 10-2 

4 (8.74±0.1) x 10-3 (8.23±0.4) x 10-2 

5 (8.16±0.1) x 10-3 (8.64±0.5) x 10-2 

 

  



S17 
 

4.3 Size, structure, and properMes of reflecMn assemblies 
 

 
Figure S10. The increase in hydrodynamic diameter ‹DH› appears to follow second-order kine+cs, which 
is consistent with some IDP-ligand binding models.16 More rigorous experiments are necessary before 
confirming this is a second-order process. No significant change in ‹DH› is observed ager 120 min, but 
the standard devia+on con+nues to increase, indica+ng protein aggrega+on. Ager several days, solu+on 
turbidity decreased as larger assemblies/aggregates seJled out of solu+on. Long equilibra+on +mes prior 
to light irradia+on limited cyclability and size change of azoEDTA-reflec+n assemblies. 
 

 
Figure S11. Time-dependent evolu+on of secondary structure in azoEDTA-reflec+n assemblies prepared 
with 8 μM reflec+n and 240 μM azoEDTA in a 20 mM acetate buffer (pH 4.50). 
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Figure S12. Assembly size for 8 μM reflec+n and sodium chloride (NaCl) or ethylenediaminetetraace+c 
acid (EDTA) in 20 mM acetate buffer (pH 4.50). Hydrodynamic diameter was measured by DLS. A) 
Reflec+n-NaCl assemblies form between 40 mM and 60 mM NaCl, which is > 300 +mes the concentra+on 
of azoEDTA needed for assembly and is consistent with reflec+n literature.17 Hydrodynamic diameter was 
measured by DLS. B) Reflec+n-EDTA assemblies form between 0.46 mM and 0.78 mM EDTA, which is > 5 
+mes the concentra+on of azoEDTA needed for assembly. The error bars in both plots represent standard 
devia+on of average hydrodynamic diameter. 
 

 
Figure S13. The mean hydrodynamic diameter (‹DH›) of azoEDTA-reflec+n assemblies with concentra+ons 
of azoEDTA between 16 – 1,200 μM. Assembly size is controlled at a size of ~100 nm for concentra+ons 
< 480 μM. The error bars in both plots represent standard devia+on of average hydrodynamic diameter. 
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Figure S14. Circular dichroism of 240 μM azoEDTA in 20 mM acetate buffer does not show ellip+city in 
the near UV or visible light region. This behavior is also consistent ager irradia+on of 365 nm light. 
 

 
Figure S15. Secondary structure forma+on for 8 μM reflec+n and sodium chloride (NaCl) or 
ethylenediaminetetraace+c acid (EDTA) in 20 mM acetate buffer (pH 4.50). Measurements were taken 
with circular dichroism spectroscopy. A) As concentra+on of NaCl increases, the α helix and β sheet 
character of the system increases. B) As concentra+on of EDTA increases, the α helix and β sheet 
character of the system increases. When [EDTA] > 2.0 mM, β sheets are the only structural featured 
measured by CD. 
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Figure S16. Centrifuga+on of azoEDTA-reflec+n samples precipitated protein complexes as orange 
pellets. 
 

 
Figure S17. The concentra+ons of separate solu+ons of 8 μM reflec+n protein and 240 μM azoEDTA in 
20 mM acetate buffer do not change ager centrifuga+on. Monomeric reflec+n and azoEDTA do not 
precipitate prior to forming protein assemblies. 
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Figure S18. Centrifuga+on of 8 μM reflec+n protein and 160 μM azoEDTA removes solu+on turbidity by 
precipita+ng protein complexes. The absorbance at 280 and 330 nm were used to calculate 
concentra+ons of each species in the supernatant and pellet. 
 

 

 
Figure S19. The percentage of unbound, or free, azoEDTA was calculated from the concentra+on of 
photoswitch in the supernatant ager centrifuga+on. 
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4.4 Photoresponsive properMes of the reflecMn-azoEDTA system 
 

 

 
Figure S20. Size and structure of reflec+n assemblies are not disrupted by light irradia+on in the absence 
of a photoresponsive molecule. Control experiments were performed on reflec+n assemblies dialyzed 
into 20 mM MOPS buffer (pH 7.50), and samples were diluted to 12 μM reflec+n and irradiated for 20 
minutes. A) The hydrodynamic diameters before and ager irradia+on with 365 nm light were 87 ± 27 nm 
and 93 ± 33 nm, respec+vely. B) The hydrodynamic diameters before and ager with 470 nm light were 
132 ± 44 nm and 145 ± 48 nm, respec+vely. Samples for experiments A) and B) were prepared 
independently. More base was needed to adjust pH of the buffer used to prepare B) – larger ionic 
strength caused a larger ‹DH›. C) No change in secondary structure of reflec+n assembly is observed ager 
irradia+on with UV light. D) No change in secondary structure of reflec+n assembly is observed ager 
irradia+on with blue light. 
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Figure S21. A) Light absorbance spectra for 240 μM azoEDTA in 20 mM acetate buffer (pH 4.50) using the 
pump-probe instrument. B) Absorbance spectra for 240 μM azoEDTA and 8 μM reflec+n on the pump 
probe instrument. The maximum absorbance wavelength is 338 nm and turbidity was observed visually 
and is shown by the raised baseline for λ > 400 nm. All spectra were acquired using a quartz cuveJe with 
a path length of 2 mm. 
 

 
Figure S22. The turbidity of the azoEDTA-reflec+n system was calculated using absorbance at 400 nm, 
where trans- and cis-azoEDTA have negligible absorbance (<0.01 units on the pump-probe instrument) 
and measured absorbance is aJributed solely to turbidity. The difference in turbidity between this 
experiment and Figure 3B is aJributed to the difference in cuveJe pathlength. 
 
 
 
 
 
 



S24 
 

Table S2. Photoswitching kine+cs of 240 μM azoEDTA and 8 μM reflec+n in 20 mM, pH 4.50 acetate 
buffer. The data were fit to a biexponen+al equa+on in Matlab given by Equa+on S12. The error given is 
from the fit of the model. 

Cycle kA,365 [min-1] kR,365 [min-1] kA,470 [min-1] kR,470 [min-1] 

1 (1.28±0.07) x 10-2 (3.93±0.3) x 10-4 (6.14±0.7) x 10-2 (9.94±1) x 10-4 

2 (6.60±0.2) x 10-3 (7.01±0.6) x 10-5 (5.23±0.6) x 10-2 (5.04±0.6) x 10-4 

3 (6.41±0.2) x 10-3 (7.14±0.7) x 10-5 (5.69±0.7) x 10-2 (4.40±0.5) x 10-4 

 
Table S3. Diffusion coefficients of monomeric reflec+n (8 μM) and reflec+n-azoEDTA assemblies (240 μM 
azoEDTA, 8 μM reflec+n) in 20 mM, pH 4.50 acetate buffer measured by DLS. Reflec+n-azoEDTA assembly 
diffusion coefficients correspond to assembly size data for in situ irradia+on experiments shown in Figure 
5C. 

Sample Irradia2on D [μm2 s-1] 

Monomeric reflec:n None 12.06±0.84 

Reflec:n-azoEDTA assembly None 4.40±0.04 

Reflec:n-azoEDTA assembly 365 nm 6.87±0.06 

Reflec:n-azoEDTA assembly 470 nm 5.07±0.05 

 

 
Figure S23. The change in hydrodynamic diameter is ploJed as a percent change from the ini+al diameter 
size. When the sample is in the dark for 15 min ager irradia+on has completed, the system shows less 
decay in protein assembly size than if DLS measurements were taken immediately. The purple box 
represents irradia+on with 365 nm light and the blue box represents 470 nm. The +me between 
irradia+on and DLS measurement is not shown for simplicity. 
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Figure S24. When protein assemblies are formed with reflec+n and cis-azoEDTA, the mean hydrodynamic 
diameter, ‹DH›, cycles twice with 470 nm (blue box) and 365 nm (purple box) light. 
 

 
Figure S25. The nonlinear rela+onship between derived count rate and hydrodynamic diameter (DH) for 
the azoEDTA-reflec+n system was fit to a biexponen+al model in Matlab. The shaded green region is the 
95% confidence interval of the fit, calculated by Matlab. 
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Figure S26. The derived count rate measured by DLS cycles with 365 nm (purple box) and 470 nm (blue 
box) light. The cycling behavior shown is consistent with the nonlinear rela+onship between count rate 
and diameter, indica+ng protein assemblies are not sedimen+ng out of solu+on. 
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5. Synthesis Characteriza2on 
 

 
Figure S27. 1H NMR (500 MHz, CDCl3) compound 6. 
 

 
Figure S28. 13C NMR (125 MHz, CDCl3) compound 6. 
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Figure S29. 1H NMR (500 MHz, DMSO-d6) compound 7. (Peak at 3.37 ppm par+ally obscured by moisture 
in NMR solvent) 
 

 
Figure S30. 13C NMR (125 MHz, DMSO-d6) compound 7. 
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