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Experimental Section

Chemicals and reagents

Protease-free bovine serum albumin (BSA), biotbeleed BSA, rabbit whole antiserum
against streptavidin, and all general chemicals ewpurchased from Sigma-Aldrich
(Taufkirchen, Germany). HRP-labelled goat anti-rabhtibodies were purchased from Dako
(Hamburg, Germany). Streptavidin-coated magnetadbgDynabeads M-280 Streptavidin)
were purchased from Life Technologies (Karlsruhern@any). Recombinant human activated
protein C (APC) was purchased from Eli Lilly (Gieas Germany). Recombinant human
activated FXIII A subunit (FXIlIIAa) was purchasemin Zedira (Darmstadt, Germany). The
randomized ssDNA libraries IHT1 (5- AAG CAG TGG AAGTA GGT TGA - Ny- TCT
CTT CGA GCA ATC CAC AC -3") and IHT2N (5'- GAT TGTAC TGT CAC GAG GAT-
Nso- ATA GCA CAT TAG TTC AGA TAC -3) were synthesizednd PAGE-purified by
Microsynth (Balgach, Switzerland). IHT1 and IHT2Nyalification primers (targeting the
shown fixed sequences of the libraries in full kMgand the below described capture
molecules were synthesized and HPLC-purified byogentec (Seraing, Belgium). The used
BM chemiluminescence substrate was purchased froohd? (Mannheim, Germany). Aqua

ad iniectabilia was purchased from Fesenius Kahd(Bomburg, Germany).

Prediction of DNA hybridization profiles and design of capture-molecules

The fraction of DNA duplexes (capture moleculergéh ssDNA) over temperature (‘melting
curves’) of a given sequence under given bufferdaans (concentration of capture-
molecules, monovalent ions, and Mipns) was assessed using the ‘DNA thermodynamics &
hybridization” tool available on the ‘biophysics’ ulsdomain of idtdna.com
(http://biophysics.idtdna.com). This sub-domainggiable and tested software to be included
into the IDT SciTools collection (cf. to ref. #5 tie main manuscript). Details on applied
formulas and calculations can be found at httmpbysics.idtdna.com/HelpMelt.html. The
applied software returned the predicted fractiofisdoplex (0 to 1) over an integer
temperature range of 0 to 100°C. No absolute aecmel to real-world conditions was
expected. However, obtained values were used asia for the design of the IHT1- and
IHT2N-capture-molecules and to assess the chosaenentration of monovalent cations
within the used washing buffer. Based on the retdirdata (melting profiles), the following

sequences were chosen for the capture-molecules:
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IHT 1-capture-molecule: 5-Biotin-GTG TGG ATT GC-3’
IHT2N-capture-molecule: 5'-Biotin-GTA TCT GAA CTAT-3

Temperatures at which 5%, 50%, or 95% of duplegapt(ire molecule - target sSSDNA) were
predicted to be denatured were assessed from tined data sets. For the IHT1-capture-
molecule, the corresponding values for each stepadt are shown in Scheme 1 of the main
manuscript. Figure S1 shows the returned meltimdilps at different buffer conditions and

derived Tm-values for the IHT2N-capture-molecule.
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Fig. S1.(A) IHT2N-related melting curves (capture moleculéarget ssDNA) as predicted by the
‘DNA thermodynamics & hybridization’ tool. Underlyy buffer conditions: Capturing step: circles;
Washing step: boxes; Release: triangles. (B) Betailbuffer conditions and melting temperatures at
which 5% [Tm(05)], 50% [Tm(50)], or 95% [Tm(95)] chptured ssDNA molecules are predicted to

be released from the capture molecules.
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Binding of capture-molecules to streptavidin-coated magnetic beads (SMB)

5-biotinylated capture-molecules were bound to SMB follows. Dynabeads M-280
Streptavidin (SMB) were washed 3x using B&W buifgrmM Tris-HCI, 1 M NaCl, 0.5 mM
EDTA, pH 7.5) followed by incubation with B&W coniteng 1 uM of capture molecules
(200 pul for each mg of SMB > 200 pmole of captur@eunules / mg of SMB). The mixture
was incubated at RT for 30 min under vigorous stguko prevent beads from settling. After
incubation, SMBs were washed 3x using B&W- (with&RTA). For storage, loaded SMB
were suspended in 1 x PBS, 1 mg/ml BSA, 0.2 mg/aidNpH 7.4 and stored at 4°C until

used. Before use, the needed amount of storede@&MB was washed 3x using B&W-.

Assessment of binding and adverse release of capture molecules to/ from SMB using
fluorescence measurements

In order to assess the amount of capture-moleddesd to or release from the SMB, 3'-
FAM-labelled IHT1-capture-molecules (5'-biotinyldafewere applied. After adding to B&W
at 1 uM concentration, each 200 ul of this solutwere incubated with 1 mg of SMB
(washed 3x using B&W) for 30 min under vigorous lshg. Subsequently, beads were
removed by magnetic force and the amount of FAMlald molecules remaining in the
supernatant was determined by fluorescence measntsmsing black 96-well microtiter
plates and a Synergy 2 microplate reader (Biotedld Briedrichshall, Germany) andiax
485 /Aem 528 nm filter set.

To assess the temperature-dependent detachmeaptire molecules from the SMBs, 3'-
FAM-labelled IHT1-capture-molecules (5'-biotinylafjewere bound to the SMB as described
above. After incubation in purified water (1 mgdea SMB / 20 ul) at different temperatures,
the absolute amount of fluorescence in the supantatvas measured.

The FAM-labelled IHT1-capture-molecules could betedeed down to sub-nanomolar
concentrations in TE-buffer (20 mM Tris-HCI, 1 mMDEA, pH 8.0). Thus, solutions to be
tested were diluted in TE-buffer and the relativeabsolute amounts of capture-molecules
guantified by the standard-curve method.

Regarding determination of SMB-binding-capacity, relg 5% of the total fluorescence
remained within the supernatant when using varyamgounts of SMB around 1 mg,
indicating efficient binding of capture-moleculesheam using 1 mg of SMB for
immobilization of 200 pmole of (non-fluorescentptare-molecules (Fig. S2). Results on the

adverse release of capture-molecules from SMBleoes in Fig. 1D.
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Fig. S2. Binding of 3'-fluorescently-labelled capture maldes to SMB introduced in different
amounts. Values represent the relative amount wérdlscence that remained in solution after

incubation.

Exponential amplification and preparation of asymmetric PCR mixturesfor CaR

Initial exponential amplification of IHT1- or IHT2farget-molecules was performed in a
final volume of 100 pl using the following reactiamxtures and cycling conditions: 1 x PCR
buffer (containing Tris-HCI, pH 8.7, KCI, and (NHSOy), 1.5 mM MgCs, 200 uM each
dNTP, 1 uM each forward- and reverse-primer, 1.26laiStarTagPlus DNA polymerase,
and 20 ul of the sample. Thermal cycling was dosiaguthe following profile: 95°C for 3
min followed by the indicated number of cycles &@ for 30 sec, 56°C (IHT) or 58°C
(IHT2N) for 30 sec, and 72°C for 30 sec.

For the production of target single-strands, asytnm®CR was applied using the reaction
mixtures and conditions as described for the expialeamplification but without reverse
primers. Ten ul of a 1 in 10 dilution of previouslycled exponential amplification mixtures
were used as template. In general, before intrasludb CaR, pooled asymmetric reaction

mixtures were spiked with a final concentratiorl®® mM NacCl (using a 5M stock solution).

Production of asymmetrically amplified IHT1-library for evaluation purposes

Asymmetrically amplified IHT1-library that was ajpgd for evaluation purposes was
prepared as follows. For initial exponential amgéfion, 10 pl of a 167 nM solution of the
original IHT1-ssDNA-library (10712 molecules) weadded to the mastermix and amplified
for 15 cycles. Subsequently, 50 cycles of asymm&EGR were performed after introduction
of 10 pul of 1 in 10 diluted exponential amplificati products.
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Assessment of quality and purity of ssDNA after asymmetric PCR/ CaR during basic assay
evaluation

It should be noted that no special efforts wereedtm optimize the yield of sSDNA as
produced by asymmetric PCR during this study whsthely focused on the general
functionality of the CaR procedure. Thus, totalgseof isolated sSDNA may increase in case
of further optimization of the asymmetric PCR prdae. In general, asymmetric
amplification can also be run in one single reactiny using limiting amounts of reverse
primer. Due to the lower effciency of amplificatiolowever, more comprehensive
optimization may be needed in order to find an appate balance between overall yield and
the relative amount of generated DNA single-strands

Single bands of dsDNA or ssDNA were observed whenfopming gel analysis of
asymmetrically amplified IHT1-molecules (Fig. S3ane 1 and Fig. S4, lane 1). In order to
assess the release of captured ssDNA at diffehetidre temperatures, 500 pl of crude pooled
asymmetric IHT1-reaction mixtures were added tod.ohSMB loaded with 200 pmole of
IHT1-capture molecules (SMB+). After incubation 80 min at RT, the SMB+ were washed
3x at RT using 1000 pl of 10 mM Tris-HCI, 20 mM Na@H 7.6 and finally taken up in 20
ul of purified water pre-heated to designated tawmtpee (RT, 37°C, 43°C, or 50°C). After 2
min of incubation in a water bath set to correspogdemperature, SMB+ were separated by
magnetic force and supernatants collected. Thé éldion step was repeated 2x using new
batches of water.

As shown in Fig.1A of the main manuscript, the majoof captured ssDNA was readily
released from the IHT1-capture molecules at elevédenperatures during the first elution
step. The quality of achieved ssDNA (see Fig. 1Attdal yields) was determined by gel
analysis (Fig. S3A) while yield and purity was asssl by triplicate UV-measurements
(A260/A280 ratios) using a NanoDrop® ND-1000 UVAS8gectrophotometer (Thermo
Scientific) (Fig. S3B).
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Fig. S3.(A) Agarose gel analysis (stained with ethidiurorbide) of ssDNA vyielded by CaR during
the first elution at different temperatures. Lanantroduced crude asymmetric IHT1-PCR mixture.
Lanes 2, 4, 6, and 8: 1 in 10 dilutions of ssDNAeased from the IHT1-capture molecules at RT,
37°C, 43°C and 50°C, respectively. Lanes 3, 5nd,% corresponding supernatants (asymmetric PCR
mixtures) after incubation with SMB+. Lane 10: 50 dsDNA ladder. (B) A260/A280 ratios of
obtained ssDNA as determined by UV-measurements.

In order to provide further evidence for the pragbgrinciple of CaR, underlying sequence-
specificity was verified by the use of SMB loadetlWHT2N-capture molecules during CaR
being performed with asymmetrically amplified IHTiirary. Besides SMB loaded with
IHT1-capture molecules, also non-loaded beads weat passed through all incubation/
washing steps as described Birfding of capture-molecules to streptavidin-coateagnetic
beads (SMB)(but in the absence of capture molecylegre run in parallel as controls.
Again, 500 pul of crude pooled asymmetric PCR miesuand 1 mg of SMB were used during
each reaction.

As shown in Fig. S4, only the use of IHT1-capturelenules yielded detectable amounts of
IHT1-ssDNA as determined by gel analysis (see Hi§. for obtained vyield). The
corresponding A260/A280 ratio was found tolb@7 for the first elution.
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Fig. S4.Yield and quality of ssDNA isolated from IHT1 asyretric amplification by CaR using non-

loaded SMB or SMB loaded with specific (IHT1) omaspecific (IHT2N) capture molecules. Lane 1:
introduced crude asymmetric IHT1-PCR mixture. LaBe$®, and 7: 1 in 10 dilutions of ssSDNA as
obtained by the use of IHT1l-capture molecules, INT2pture molecules or non-loaded SMBs,
respectively. Lanes 2, 4, and 6: corresponding reapants (asymmetric PCR mixtures) after
incubation with loaded or non-loaded SMB.

Quantification of streptavidin released from the SMB

Non-loaded SMB that were passed through all incabat washing steps as described in
‘Binding of capture-molecules to streptavidin-coatedgnetic beads (SMB'(but in the
absence of capture molecules), were applied tosagbe potential adverse contamination
with streptavidin at different incubation temperati Concentrations of streptavidin were
measured by an immunoassay as follows. Primarilgxisbrp microtiter modules were
coated with 10 pg/ml BSA-Biotin (100 pl/well) in &ing buffer (30 mM NgCOs;, 200 mM
NaHCG; [pH 9.0]) overnight at 4°C followed by 3 times ring with 300 pl of washing
buffer (1 x PBS [pH 7.4], 3 mM Mggl0.05 % Tween 20; general washing procedure using
an automated plate washer [ELx50, Biotek, Bad Fcedhall, Germany]). Remaining
binding sites were blocked by incubation with block buffer (1xPBS [pH 7.4], 2 mg/ml
BSA, 0.05 % Tween 20) for 2 h at RT. After incubatifor 2h at RT, remains were aspirated
and sealed modules stored at 4°C until used. Tothenassay, standards or samples were
diluted in washing buffer containing 1 mg/ml BSA BA) and 100 pl of the dilutions were
added to the wells and incubated for 1h at RT. rAft@shing, 100 pl of rabbit whole
antiserum against streptavidin (diluted 1:2000 iB+) were added to the wells and also
incubated for 1h at RT. Subsequently, wells werehed and 100 pl of HRP-labelled goat
anti-rabbit antibodies (diluted 1:2000 in WB+, yiiglg a final concentration of 0.125 pg/ml)
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added and incubated for another hour at RT. Fipafter washing, bound HRP was detected
using BM chemiluminescence substrate (100 pl weatifl a Synergy 2 microplate reader
(Biotek, Bad Friedrichshall, Germany). Applied gtevidin standard curves were prepared
by half-logarithmic dilution series and showedreeér range from 530 down to 1.7 pM (31.6
down to 0.1 ng/ml). Original samples were dilutadWB+ to match the covered range and
the absolute content of streptavidin calculatede Tarresponding results are shown in Fig.
1C.

CE-SELEX against APC and FXI11Aa

CE-based separations were performed using a PA&Qpllacy electrophoresis system
(Beckman Coulter, Krefeld, Germany) and 32 Kardtvwere. A 60 cm long (50 cm to the
detection window) uncoated fused silica capillaithvan inner diameter of 50 pm (Beckman
Coulter) was conditioned before the first use anded between runs with an pressure of 50
psi (for 5 min each) with 100 mM HCI, 100 mM NaO#kgstilled water, and selection /
separation buffer (25 mM Tris-HCI, 30 mM NaCl, 1 mkKCI, 1 mM CaCl2 and 1 mM
MgClI2, pH 8.3). Applied ssDNA-libraries (IHT1 or TF2N) were added to 20 ul of selection
buffer in a final concentration of 25 uM (500 pmydier the first selection cycle and heated to
85°C for 5 min followed by snap cooling on ice. Setuently, the target protein (either APC
or FXIIIAa) was added and the mixture was incubaeBT for 30 min before hydrodynamic
injection into the capillary (using 4 psi presstwe5 second, thereby introducing ~ 40 nl of
the sample into the capillary). Separation of proteom non-binding ssDNA-molecules took
place under electroosmotic flow at a voltage of k& As determined during previous
experiments, the collection window was set during tirst 20 min of separation. Samples
were collected into tubes containing 150 pl of safi@n buffer. Library molecules that
remained in the capillary were flushed out by reeerinsing. A total of 120 pl of the
collected molecules (6 x 20ul) were exponentiahypéfied for 30 (IHT1) or 35 (IHT2N)
cycles. Subsequently performed asymmetric PCR wasnely conducted for 50 cycles. In
case of formation of unwanted by-products (as datexd by gel-analysis), however, cycle
numbers of asymmetric PCR were reduced to 30 -m®rder to retain amplification
specificity. Subsequently, single reactions werel@d and a total of 500 ul introduced to
CaR for isolation of ssDNA. At this, captured ssDMAs eluted at 43°C. A constant amount
of enriched library (0.5 pM; 20 pmole) was usedimmithe following selection cycles. In
contrast, the concentration of the target enzymes gvadually reduced from 1 uM during the

first selection cycle to low nM-concentrations ahgrithe sixth (last) cycle.
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Yield and purity of ssSDNA as produced by asymmetric PCR/ CaR during SELEX
The following Tables S1-S3 show the yield and guot sSSDNA obtained from asymmetric
PCR/ CaR during the process of SELEX as deterntiyddV-measurements.

Table S1 Yield and purity of ssSDNA after each cycle of IlFbased APC-SELEX.

A260 1.48 1.05 1.022  0.645 1121  0.811

A280 0781 0576 0542 0335 0606  0.426
A260/A280 1.9 1.83 1.89 1.92 1.85 1.90
Conc. [uM]  1.95 1.39 1.34 0.85 1.48 1.07

Table S2 Yield and purity of ssSDNA after each cycle of IPN-based APC-SELEX.

A260 0.715  1.46 1.06 1.134  1.038  1.185

A280 0.408  0.74 0535 0577 0522 0631
A260/A280 1.75 1.96 1.98 1.96 1.99 1.88
Conc. [uM]  0.93 1.90 1.38 1.48 1.35 1.54

Table S3 Yield and purity of ssSDNA after each cycle of IHbased FXIllIAa-SELEX.

A260 0.469 1.048 1.353 1.235 1.130 1.719
A280 0.245 0.530 0.715 0.668 0.601 0.885
A260/A280 1.91 1.98 1.89 1.85 1.88 1.94
Conc. [uM]  0.62 1.38 1.78 1.63 1.49 2.26

Filter retention assay

The affinity of the single-stranded random poolsrighed libraries, and obtained single
aptamer molecules was assessed by filter reterdgsay. Molecules (10 pmole) were
radioactively 5phosphorylated using 20 U of T4 Polynucleotide d6@ (New England
Biolabs, USA) in 70 mM Tris—HCI buffer [pH 7.6] ctaining 10 mM MgCJ, 5 mM
dithiothreitol, and 30QuM [y-**P]JATP (PerkinElmer, USA) and then purified using26-
microspin columns (GE Healthcare, Munich, Germafe integrity of the enriched libraries

was qualitatively determined using 12% denaturiokygcrylamide gel electrophoresis.
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To determine the dissociation constants, seriallytead APC or FXIlIAa (0-1 uM) were
incubated with 0.5 nM?P-labeled ssDNA for 30 min at 37°C in PBS [pH Zdhtaining 1
mg/ml BSA, 10 uM tRNA, 1 mM Cagland 50 uM MgGl After incubation, the reactions
were passed through pre-equilibrated 0.45 um mthidose membranes followed by three
washings using 150l of PBS [pH 7.4] containing 1 mM Cagand 50 uM MgCl and then
dried out. The retained radioactivity was quandfieising a FUJIFILM FLA-3000
Phosphorimager equipped with AIDA Imagequant safen@&ujifilm, Dusseldorf, Germany).
Data were fitted by 4-parameter logistic curvepiiesuming a 1:1 binding stoichiometry of

ssDNA:target proteirky values were determined from at least two indepeinelgperiments.

Cloning and sequencing

The aptamer pool from the SELEX cycle that showes lighest apparent binding affinity
was cloned into pGEM®-T vectors (Promega, MannheBermany). For the IHT1- and
IHT2N-based selections against APC, 19 and 32 aedowere sequenced, respectively. For
the IHT1-FXIllAa-selection, 32 colonies were sequeth Sequencing was done using M13

primers and an ABI 3130x| Genetic Analyzer (ApplBidsystems, Darmstadt, Germany).

Production of identified individual aptamers by asymmetric PCR/ CaR and determination

of binding affinity

Identified single aptamers were produced from P@Ripcts using asymmetric/ CaR.

Aptamers were radioactively labeled and testedbioding affinity as described above. The
capture-efficiency and quality of the yielded ssDIsAlemonstrated in Fig. S5. The results of
the filter retention analysis are shown in Fig. S6.

As can be seen in Fig. S5, probably due their idd& tertiary structures, single monoclonal
ssDNA aptamers did not clearly separate from theesponding double-stranded PCR
products during electrophoresis. This was espgctalie for the FXIlIIAa-aptamers and the

aptamers #2 and #3 of the IHT2N-based selectiomsigAPC. In cases were distinct bands
of ssDNA could be assessed, virtually complete wapg of sSDNA from the asymmetric

PCR mixtures could be observed.
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Fig. S5. Agarose gel analysis (stained with ethidium baejiof asymmetric PCR mixtures, obtained
monoclonal ssDNA (1:10 diluted) and supernatantsr aEmoval of loaded SMB (from left to right
within each group) after introduction of identifisthgle aptamer-clones to asymmetric PCR/ CaR. A,
B: selection against APC using the IHT1 (A) and Bllibrary (B) respectively. C, selection against
FXIllAa using the IHT1 ssDNA library. A 50bp dsDNadder was used in each gel.
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Fig. S6.Filter retention analysis of individual aptame@) IHT1-based APC-SELEX. (B) IHT2N-
based APC-SELEX. (C) IHT2N-based FXIllIAa-SELEX. 8hoKp-values were determined by 4-

parameter logistic curve fit; n.d., not determinsd4, no binding observed up to 1 uM.

ESI
13/15



CaR

In silico folding predictions

The mfold web sever (M. Zuker. Mfold web server horcleic acid folding and hybridization
prediction. Nucleic Acids Res.2003, 31, 3406-15aeailable at:
http://mfold.rna.albany.edu/?g=mfold/dna-folding#fo

was used at default settings to predict the folggagerns of the identified single aptamers.
Predicted foldings of the 4 efficiently binding ARfptamers are shown in Fig. S7. As
expected, the 3’-ends of the single sequences appdze accessible to the corresponding
capture molecules. The same was found for the R&tbinding aptamers (data not shown).

However, since these predictions are limited tos&atCrick base pairing in two-dimensional
space, their validity is limited.
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Fig. S7.Folding patterns of the identified APC-binding aptas as determined by mfold.
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Determination of the reusability of loaded SMB

Clone #1 identified during IHT1-based selection iagia APC was used to assess the
reusability of SMB loaded with (IHT1) capture malées (SMB+). After release of captured

ssDNA by 3 consecutive incubations with a frestches of water, SMB+ were washed and
again introduced to the CaR-procedure. In totalgcydles of capture and release were
performed. As shown in Fig. S7, virtually complesoturing of sSDNA from the asymmetric

PCR mixtures could be observed. As shown in TablecBmparable yields and purities were

found.

SO eeMmoeMaMmEmEmmE emE s

Fig. S8. Agarose gel analysis (stained with ethidium brapidf obtained ssDNA by consecutive
usage of SMB+ during CaR. Lanes 1, 4, 8, and lfodnced crude asymmetric PCR mixture; lanes 2,
5,9, 12: 1 in 10 dilution of yielded ssDNA whenng SMB+ for the first, second, third and fourth
time, respectively; lanes 3,6,10 and 13: supertstater incubation of asymmetric PCR mixture with
the SMB+ for the first, second, third and fourtingi, respectively; lane 7: 50 bp dsDNA ladder.

Table S4 Yield and purity of ssDNA obtained after conséstise of SMB+.
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