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Target production (Neutrophil gelatinase-associated lipocalin, NGAL) 

We produced our target, the protein NGAL, following previously described protocols(1). Briefly, 

we used an ampicillin-resistance-encoding pET-21a plasmid containing the gene encoding for 

NGAL cloned between the restriction sites Nde I and Xho I (the plasmid was kindly provided by 

Aptitude, Inc., Santa Barbara, CA). The protein incorporates a hexa-histidine tag at its carboxy-

terminus and cysteine to serine mutation at position 85, to facilitate protein expression and 

purification. The amino acid sequence of the resulting gene is:

MTSDLIPAPP LSKVPLQQNF QDNQFQGKWY VVGLAGNAIL REDKDPQKMY 

ATIYELKEDK SYNVTSVLFR KKKCDYWIRT FVPGSQPGEF TLGNIKSYPG 

LTSYLVRVVS TNYNQHAMVF FKKVSQNREY FKITLYGRTK ELTSELKENF 

IRFSKSLGLP ENHIVFPVPI DQCIDGLE HHHHHH

To obtain the protein we transformed the plasmid into E. coli BL21(DE3) cells (New England 

Biolabs, Ipswich, MA), and then induced expression using 1 mM IPTG for 4 h at 37˚C. We lysed 

cells by ultrasound treatment and then performed His-tag affinity chromatography (HisTrap HP-

5mL, GE Healthcare, Chicago, IL) and size exclusion chromatography (Superdex S100, GE 

Healthcare, Chicago, IL) in buffer 50 mM sodium phosphate (pH 7.0) and 100 mM sodium 

chloride. We then used spectrophotometry to assess protein concentration (molar absorption 

coefficient at 280 nm = 26,025 M-1 cm-1). Typical yield was of order 50 mg/L of culture.

Aptamer affinity evaluation though ELISA

In order to determine the affinities of the full-length and truncated (26-base) aptamers we 

performed enzyme-linked immunosorbent assays (ELISAs) in which we titrated biotinylated 

aptamer into NGAL-coated wells in a multi-well plate. We used HRP streptavidin conjugated as 

reporter to quantify the presence of aptamer in each well. In this, the wells were coated with 

NGAL at 100 nM in PBS, 50 µL per well, and incubated overnight at 4°C. The next day plates were 

washed using 100 µL of 0.05% (v/v) Tween 20 pH 7.4 PBS 3 times. Blocking was performed by 

adding 100 µL per well of 2% (w/v) BSA 0.05% (v/v) Tween 20 pH 7.4 PBS and incubating for 2 h 



S.3

at room temperature in a thermoshaker. The wells were then washed 3 times with 100 µL per 

well of 0.05% (v/v) Tween 20 pH 7.4 PBS. Next, 50 µL of biotinylated aptamer at different 

concentrations in pH 7.4 PBS were added to the corresponding wells followed by incubation for 

1 h at room temperature in a thermoshaker rotating at 650 rpm. The wells were the washed 3 

times as described above and 50 µL per well of streptavidin-HRP diluted to 100 ng/mL in 1% BSA 

0.05% Tween 20 PBS pH 7.4 PBS buffer was added. We then incubated the plates for 30 min at 

room temperature and 650 rpm in a thermoshaker. The wells were the washed 3 times (above 

protocol), plus a additional wash using just pH 7.4 PBS. We the added 50 µL per well of TMB 

reagent. After 2 min the reaction was stopped by adding 25 µL per well of a 0.25 M H2SO4 and 

after 15 min absorbance of each well was read at 450 nm. Error bars were calculated using the 

standard deviation of 4 repetitions of each point.

Figure SI1:  Using an ELISA assay (A) we demonstrate here the differing affinities of the full-length 
and truncated NGAL aptamers. The affinity of the full-length aptamer is almost 40 times greater 
than that of the truncated aptamer. 
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Data analysis

We fit the binding curves of the different sensors and assays to the Hill equation:

    (Equation S1)

𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 (ϴ) =
[𝑇]

𝑛𝐻

𝐾1/2
𝑛𝐻 + [𝑇]

𝑛𝐻

Where [T] is the concentration of NGAL, K1/2 the midpoint in the binding curve, and nH the 

pseudo-Hill coefficient. 

Sequestration; theoretical model

The sequestration mechanism has previously been modelled by Buchler and co-workers(2) by 

applying the principle of mass balance to Equation 1:

(Equation S2)    [𝑇]𝑡 = [𝑇] + [𝑇 ‒ 𝑑𝑒𝑝]

(Equation S3)[𝑑𝑒𝑝]𝑡 = [𝑑𝑒𝑝] + [𝑇 ‒ 𝑑𝑒𝑝]

Here [T]t is the total target concentration, [T] is the free target concentration, [T-dep] is the 

concentration of target that is bound to the depletant, [dep]t is the total depletant concentration, 

and [dep] the concentration of free depletant. Taking into account the equilibrium described by: 

 (Equation S4)
𝐾𝑑𝑒𝑝

𝑑 =
[𝑇] ∙ [𝑑𝑒𝑝]
[𝑇 ‒ 𝑑𝑒𝑝]

where Kd
dep is the dissociation constant and [T-dep] the concentration of target bound to the 

depletant. When combining Equation 2 and 3 into Equation 4, we obtain an expression describing 

the concentration of free target: 

 (Equation S5)
[𝑇] =  

1
2

 ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝
𝑑 +    ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝

𝑑 )2 + 4[𝑇]𝑡𝐾
𝑑𝑒𝑝

𝑑 )
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Substituting equation 5 into equation 1 we obtain the Hill expression: 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑
𝑆𝑖𝑔𝑛𝑎𝑙

=
 [1

2
 ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝

𝑑 +    ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝
𝑑 )2 + 4[𝑇]𝑡𝐾

𝑑𝑒𝑝
𝑑 )]𝑛𝐻

  [1
2

 ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝
𝑑 +    ([𝑇]𝑡 ‒ [𝑑𝑒𝑝] ‒ 𝐾𝑑𝑒𝑝

𝑑 )2 + 4[𝑇]𝑡𝐾
𝑑𝑒𝑝

𝑑 )]𝑛𝐻 +  𝐾1/2
𝑛𝐻

  
 (Equation S6)

Here nH the intrinsic hill coefficient of the receptor (system in absence of depletant), and K1/2 the 

apparent dissociation constant of the receptor (in absence of depletant). The resulting 

expression, equation 6, is the one we used to model the theoretical sequestration response 

depicted in Figure 1 in the main text. 

Characterization of gold nanoparticles
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Figure SI2: We characterized the gold nanoparticles synthetized for the dipstick assays by 
measuring their absorption spectra in water. The sharp absorbance peak centered at ~520 nm 
confirms the proper reduction of gold into spherical structures of diameters ~20 nm [refs(3, 4)]. 

Dipstick assays

Figure SI3: For the dipstick assays we lyophilized the gold-nanoparticle-modified antibodies in 
Eppendorf tubes (A). We then resuspended these in 60 ̫µL of sample (B) before inserting the 
nitrocellulose strip to perform the dipstick assay. Once we added the strip to the tube the mixture 
of sample and gold-nanoparticle-conjugated antibodies flowed by capillarity through the strip 
(C). Once the assay concluded we trimmed the absorbent pads from the strips and scanned them 
to quantify their optical signal. For example, panel D) shows control strips (no NGAL), and panel 
E shows the results of a sample of 100 nM NGAL with no depletant.      

Improved sensitivity 

Figure SI4: Steeper transitions result in more sensitive receptors. For example, for a receptor of 
nH = 1, a change in target concentration from 5% below to 5% above the binding midpoint 
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changes occupancy –and the resulting output signal– by just 2.5%. In contrast, a receptor of nH = 
2.9 produces a 7.2% change in output for the same change in input.  

Figure SI5: (A) Buchler  Cross(2) have described the output expected for ideal sequestration. In this, [T]t is 
total target concentration in the sample, [dep] is the concentration of depletant, Kd

dep is the dissociation 
constant of the depletant (in this model we used the reported affinity: 0.92 nM (5)), K1/2 is the apparent 
dissociation constant of the receptor in absence of depletant (for the EAB sensor 49 nM figure 2 in the 
main text), and nH is the Hill coefficient of the receptor in absence of depletant (1.6 for the EAB sensor 
Figure 2 in the main text). (B-G) Experimental data (black dots) we collected from electrochemical 
aptamer-based (EAB) sensors fit to the Buchler model (red line) indicate that the improved sensitivity we 
observed is less than would be expected given this theory. We suspect that the resulting deviation are 
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likely arise due to both surface interactions complex matrix interactions, both of which can alter the ability 
of sequestration to steepen binding curves. 
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