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Experimental Section

Chemicals and reagents

All chemicals including Iron (lll) hexahydrate (Fe®H,O), Iron (ll) chloride tetrahydrate
(FeCb.4H,0), tri-Sodium Citrate (N#&esHs0O;), Sodium hydroxide, Sodium di-hydrogen
phosphate (NajPQy), Di-Sodium hydrogen phosphate @N#O,), NaCl, in addition to
Bovine Serum Albumin (BSA) were purchased from Sagaidrich, Taufkirchen, Germany.
Human alpha-thrombin was purchased from Cellsystg§f®isdorf, Germany). The
fluorogenic thrombin peptide substrate (# I-156@swpurchased from Bachem (Bubendorf,
Switzerland). Protamine hydrochloride (5,000 U/nt0[ mg/ml], medical grade) was
purchased from MEDA Pharma (Bad Homburg, Germamite 5’-FAM-labelled ssDNA-
oligonucleotide (FAM-SA; Sequence: 5-TCA GGC AGTCE ACA AGG C-3) was
synthesized and purified by HPLC by Microsynth @adh, Switzerland).

Preparation of citrated nanoparticles (CNPs)

The co-precipitation method was employed for th@dpction of super-paramagnetic
magnetite (Fg0,) Nanoparticles (SPIONS) as previously describedMishta et af. with
some modifications. The method depended on mixémgcf and ferrous ions in a 1:2 molar
ratio in highly basic solution at elevated temperat

In brief, Iron (lll) chloride hexahydrate (0.0551was dissolved in 150 ml of ammoniated
water while 0.0275mol of iron (Il) chloride tetradlnate was dissolved in 150 ml of
ammoniated water. Then, the two solutions were thirea 500 ml conical flask and placed
in a temperature controlled water bath equippeti @imagnetic stirrer. A sodium hydroxide
aqueous solution (12.8 g in 120 ml of distilled evaitwas then added with a flow rate of 10
ml/min while continuously stirring at 80° C and treaction was continued for 60 min under
the same conditions. The resulting:Gg particles were washed 3 times repeatedly with 500
ml of distilled water until neutral pH using magiedield separation and finally kept in 150
ml distilled water in the fridge for further treadmt.

For coating of particles with citrate ions, 10 nilMagnetite solution were re-dispersed in a
100ml backer using ultrasonic for 5 min. Then, thél of tri-sodium-citrate (5 gm in 10ml
dist. water) was added to the magnetite under wigostirring at 85°C for 90 min. At the
high temperature introduced, citrate moleculesiedssociated, leading to more ions formed

in the solution. These negatively charged citratesiinduced the hydrogen bonding between
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the structural (-OH) groups that fully cover the gnetite surfaces and the carboxyl (-
COONa) group from citrate ions, yielding citrateated nanoparticles (CNPSs).

Finally, nanoparticles were washed 2 times repéatetth 100 ml distilled water using
magnetic field separation and re-dispersed in 15®fdistilled water. Prepared particles

were stored in the fridge until used.

Determination of NP-concentration and yield

To measure the concentration of SPIONs yielded,mhef the nanoparticles stock solution
was dried and weighted. The weight of 1 ml of nawtples was equivalent to 0.062 g. Thus
the total output of SPIONs in 150 ml was calculaiede 9.3 g. From this solution, 10 ml
(0.62 g) were treated with citrate. The total otitpiucitrate-coated nanoparticles preserved in

150 ml was calculated as shown above, yielding®dat a concentration of 3.5 mg/ml.

Nanoparticle characterisation

Chemical, structural and physical characterizatibthe two prepared forms of nanoparticles
was done using Fourier transform infrared spectigqFTIR) and Transmission electron
microscopy (TEM). For this purpose, aliquots of grepared nanoparticles were prepared as
1:10 dilution of its original concentration in diktd water.

Fourier transform infrared spectroscopy (FTIR)

From each sample, 5 ml were dried in a furnac@&t Tor 2 hours. The dried powders were
collected, grind with potassium bromide (KBr) araimpressed as disks. After compression,
each disk was put into a Fourier transform infragpdctroscope (JASCO FTIR [6000 series]),
with digital band analysis (JASCO spectra managddr I cross-platform software, Mary’s
Court Easton, USA) and analyzed.

Transmission electron microscopy (TEM):

From each sample, a droplet was placed on pardfimiO min. A formavar covered 200
mesh grid coated with carbon (Plano GmbH, Wet@armany) was placed on the droplet for
5 min. The remaining solution was soaked with tifipaper. After drying, the grid was put
into a transmission electron microscope (Philips ©OJ with digital imaging analysis from

SIS (Olympus Europa GmbH, Hamburg, Germany) andj@naaken.

Adsorption of protamineto cNPs
Citrated nanopatrticles (3.5 mg/ml stock solutiomyevtransferred into 1.5 ml reaction tubes,

separated by magnetic field and supernatants ramn@&@gsequently, cNPs were taken up in
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500 pl of 10 mM phosphate buffer (pH 7, +/- 0.1%AB$PB) to reach a final concentration
of 2 mg/ml. Then, 500 ul of protamine hydrochlorigee-diluted to 2-fold the desired final
concentration [2,000 U/ml used under optimized @omus] in the same buffer) was added
and the tubes incubated under shaking for 2h atAXEr incubation, yielded PaNPs were
washed 2x (by magnetic separation using a strongymsium magnet) using PB and finally
taken up in PB to yield a final concentration ofh§/ml. During control experiments in the
absence of protamine, cNPs at the same final ctratiems were incubated with either PB
w/o BSA and PB in the presence of 0.1% or 1.0% Bf8xal concentrations).

Thrombin-binding assay

Samples (cNPs or prepared PaNPs) were disperseB3abuffer (pH 7.4, 0.1% BSA) at a
final concentration of 1 mg/ml and purified humdpha thrombin (10 ng/ml [270 pM] final
concentration) added to reach a final sample volofmEOOuI. After incubation at RT for 30
min under shaking, particles were separated by gtagfield and 60 pl of the supernatants
mixed with 60 pl of 400 uM fluorogenic thrombin piele substrate (Boc-Asp(OBzl)-Pro-
Arg-AMC - HCI) in PBS. Subsequently, 2 x 50 ul bétsolution were transferred to the wells
of black microtiter-plates and change in fluoreseeover time (measured at 360/460 nm
[ex/em]) using a Synergy 2 microplate reader (BiptBad Friedrichshall, Germany). For
calculation of residual thrombin activity in thengales, corresponding controls were run in

parallel.

ssDNA-binding assay

Samples (cNPs or prepared PaNPs) were disperse&-touffer (pH 7.4, 0.1% BSA) at a
final concentration of 0.3 mg/ml and the FAM-lakellssDNA-oligonucleotide (FAM-SA)
added (10 nM final concentration) to reach a feahple volume of 300 pul. After incubation
at RT for 2 min, particles were separated by magfieid. Subsequently, replicates of 50 pl
of the supernatants were transferred to the weéllslack microtiter-plates and fluorescence
intensity measured (485/528 nm [ex/em]). Bufferyaamhd FAM-SA controls were measured

in parallel.

HCV-positive plasma material
HCV RNA-positive plasma (EDTA) was prepared fromohhblood donated by a HCV-
positive haemophilic and determination of the HCialload in the plasma (1.37 x 0

IU/ml) performed by parallel testing with WHO stamd 98/576 as previously described (one
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unit of HCV-RNA corresponds to ~ 3 to 5 genome ealgints)> The HCV-positive plasma
was diluted using confirmed HCV-RNA negative plasimaeach the desired concentrations
stated in the manuscript. All samples were stote8@fC until use.

Viral RNA isolation and detection of HCV-RNA by real-time RT-PCR

In general, isolation of viral RNA was done usihg tiral RNA Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instrutioAccordingly, 140 pl of (plasma)
sample volume were introduced to the assay. Pdribal plasma RNA was tested for HCV
RNA using an in-house real-time PCR assay. Theativeystem has been validated according
to regulatory guidelines and is described in mettmgical details elsewhefeThe assay
shows a limit of detection with respect to 95% &0&o cut-offs of 114 1U/ml and 28 1U/ml
of plasma HCV-RNA, respectively.

Capturing of HCV from plasma samples by PaNPs and viral RNA isolation

Plasma samples of volumes up to 560 pl were addedls ml or 2.0 ml reaction tubes
(Eppendorf, Hamburg, Germany) and diluted up to 3 using phosphate buffer (0.1% BSA,
pH 6 [or pH-values as indicated in the manuscrigihen, either cNPs or PaNPs were added
from stock solutions to reach the final concentragi stated in the manuscript. Subsequently,
mixtures were incubated at RT under shaking fom#if. After incubation, particles were
collected by magnetic field, all plasma remainsaeed, and particles dispersed in 140 ul of
0.9% NaCl-solution. Then, 560 ul of viral lysis ferf (buffer AVL, content of used Viral
RNA Mini Kit) were added to the samples and inceldator 10 min at RT under shaking.
Subsequently, particles were again separated byetiagield and supernatants transferred to
a new 1.5 ml reaction tube. Then, 560 pl of 100%amdl were added to removed
supernatants and samples introduced to the sifisaeb spin-column procedure as specified
by manufacturer. Plasma control samples (140) were in parallel according to the
manufacturer’s instructions. Here, 560 pl of bu#&fl. were added to samples and incubated
for 10 min. Then, 560 ul of 100% ethanol were addad samples handled as described
above. Finally, plasma total RNA was eluted in 30fupure water and analyzed by HCV
real-time RT-PCR (at least in triplicates) as poewsly described.
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Supplementary results

Fig. S1. Appearance of unmodified (NPs, yellow label) anttate-stabilized magnetite
nanoparticles (cNPs, green label) at concentrawd®5 mg/ml in water after 1 h of settling
at RT under normal gravity. While magnetite nantipies showed strong precipitation, the
negative surface charge of the citrate-coated ramtioles (CNPs) ensure the presence of a

colloidal solution.
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Fig. S2.Infrared spectra for pure sodium citrate (Sodiuit);@agnetite nanoparticles (MP,
SPIONS) and citrate-coated magnetite nanopartiti€sSCit, cNPS).

The IR spectrum (4000 ch- 400 cnl) of the citrate-coated SPIONs showed collective
bands from the Magnetite / and pure citrate spewru) the broad and intense band of the
hydroxyl group (-OH) at 3410 chrindicated a combination between the sharp banitrate
ions’ hydroxyl (-OH) groups at 3454 ¢hand the broad band of the structural (-OH) groups
located on the magnetite surface. ii) A weak arlitteg band of the CHistretching could be
seen at 2921 cm iii) The sharp band of C=0 vibration (symmetriceching) at 1592 crh
from the COONa group of sodium citrate (sodium-@a}y shifted to an intense band at 1589
cm?, indicating the adsorption of sodium-Cit radicats the magnetite surface; iv) An
adjacent band at 1400 &rim cNP-spectra indicated the asymmetric stretchingO from the
COONa group; v) The very sharp and intense bantfgeles 556 crifand 562 crit indicated
the stretching and bending vibration of tetrahedralcture of the magnetite in SPION.
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Fig. S3.TEM image (scale bar represents 100 nm) and hstogmnalysis of citrated
nanoparticles (cNPs).
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Fig. S4.Effect of applied final concentration of protamime adsorption efficiency to cNPs as
determined by the thrombin-binding assay. Althoag#lateau between 250 U/ml (2.5 mg/ml)
and 1000 U/ml (10 mg/ml) was observed, a final emiation of 1000 U/ml was used during
all further experiments.
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Fig. S5.Binding of 5’-FAM-labelled ssDNA-oligonucleotide PaNPs and cNPs. After 2 min
of incubation, particles (0.3 mg/ml final concetiva) were removed from solutions and
remaining fluorescence measured in the supernatResults are shown in comparison to
buffer background- and oligo-only controls.
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Fig. S6.Schematic presentation of assay principle. Protans added to cNPs yielding stable
PaNPs A). Then, PaNPs are added to plasma, binding to H&gent in the sampleB)(
After magnetic separation of PaNPs-covered HCVemugtants are removed, the collected
fraction taken up in NaCl-solution and (viral) lgdbuffer added@). After lysis, magnetic
particles are removed from the solutid) @nd viral RNA is further purified by a standard
silica-based spin column procedure for subsequatttime RT-PCR analysi&].
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Fig. S7.Single view on mean fluorescence signals over dicgtion cycles as yielded by
PaNP- (closed circles) and cNP-based (open cirdiSY-isolation at different plasma
dilutions (phosphate buffer, pH 7) in comparisonti@ positive control sample (filled
diamonds).A, undiluted plasmaB, 1:2 diluted plasmaC, 1:3 diluted plasmaD, positive
control sample in comparison to applied negativerod sample (HCV-RNA negative plasma
[open triangles]).
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Fig. S8.Single view on mean fluorescence signals over #icgiion cycles as yielded by
PaNP- (closed circles) and cNP-based (open cirgiesma HCV-isolation at different pH-
values of the dilution buffer (at a final PaNP/chiéhcentration of 0.35 mg/ml) in comparison
to the positive control sample (filled diamonds). pH 5;B, pH 6;C, pH 7;D, pH 8;E,
positive control sample in comparison to appliedjate control sample (HCV-RNA
negative plasma [open triangles]).
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Fig. S9. Single view on mean fluorescence signals over dicgtion cycles as yielded by
PaNP-based (closed circles) plasma HCV-isolationgudifferent final PaNP-concentrations
(at pH 7 of dilution buffer and a plasma dilutiohloin 3) in comparison to positive control
sample (filled diamonds), 0.09 mg/ml;B, 0.18 mg/ml;C, 0.35 mg/ml;D, 0.7 mg/ml;E,
1.0 mg/ml; F, positive control sample in comparison to applreshative control sample
(HCV-RNA negative plasma [open triangles]).
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Fig. S10.Performance of PaNPs and cNPs under optimizeditommsl (plasma dilution 1 in
3; dilution buffer of pH 6) in comparison to poséicontrol sample (C). To further examine
the influence of protein-adsorption, ctNPs were egittested without prior incubation with
protein (cNPs) or after incubation in phosphatedyufpH 7) in the presence of 0.1% or 1%
of BSA. PaNPs were prepared in parallel, applyingnal concentration of 1,000 U/ml
protamine in the presence of 0.1% BSA. At thiseffect of BSA on assay performance was
observed. The slightly better performance of Pabhi#sed capturing of HCV in comparison to
the positive control sample might be attributedattower amount of (RT)-PCR inhibiting
substances due to removal of plasma supernataetsbafiding and magnetic separation of
the viruses.
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Fig. S11.Single view on mean fluorescence signals over iicgiion cycles as yielded by
PaNP-based isolation of HCV from 4-fold plasma wodés (560 pl, circles) in comparison to
controls (140 ul, diamondsA, 480 IU/ml HCV-RNA; B, 120 IU/ml; C, 30 IU/ml; D,
positive control sample (480 1U/ml, 140 pul) in caanigon to applied negative control sample
(HCV-RNA negative plasma [open triangles]).
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Fig. S12.Single view on mean fluorescence signals over #icgtion cycles as yielded by
PaNP-based plasma HCV-isolation and concentratimm #-fold up-scaled sample volumes
(560 ul, circles, left column) in comparison to remriched controls (diamonds, right
column). Different concentrations of HCV-RNA beldhe validated LOD of the assay (114
IU/ml) were usedA/B, 30 IU/ml; C/D, 15 IU/ml; E/F, 7.5 IU/ml. The number of positive
results is given by the hit rate. Open and clogeab®ls were used to also illustrate overlaid
curves.
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