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Table S1: Comparison of previously reported methods for chitosan-dependent microdevices and magnetic particles for nucleic acid extraction
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Materials and Methods

FeCl;-6H,0 (#GRM165), FeSO, ,7H,0 (#TCE119), 2X real-time SYBR mastermix (#MBT074)
were purchased from HiMedia. Chitosan (medium molecular weight, #18824) and the rest of
the chemicals were purchased from SRL Chemicals unless mentioned otherwise. Bst 2.0
enzyme, dNTP mix were procured from New England Biolab, USA. Fetal bovine serum was
procured from Sigma Aldrich and was heat-inactivated prior to usage. MCF-7 genomic DNA
was a gift from Prof. Subhabrata Sen’s lab at Department of Chemistry, Shiv Nadar University,
India. DNA concentration estimations using UV,g, were carried out at Thermo MultiSkan Go
plate reader. Real-time LAMP and PCR experiments were carried out in BioRad CFX Maestro
or Connect instrument. Gel and colorimetric LAMP experiments were carried out at the
Eppendorf master cycler.

Synthesis of coprecipitation-cured chitosan-coated magnetic nanoparticles (CCCMP). The
synthesis was carried out as described elsewhere with slight modification??. The process was
carried out in a 50 mL conical flask. 5 mL of 2 M FeCl;-6H,0 (HiMedia) (2.7 gm in 5 mL) and 5
mL of 1.5 M FeSO, ,7H,0 (HiMedia) (2.1 gm in 5 mL). The procedure started with mixing of
293 ul of FeS0,,7H,0 (final concentration 0.04 M) and 440 ulL FeCls-6H,0 (final concentration
0.08 M) with preheated (50°C) 9.3 mL 1% medium molecular weight chitosan in 1% acetic acid
(total reaction mixture volume-10 mL). The dosing of 4 mL of the aqueous ammonia at 200
uL/min was started with constant stirring. After that reaction mixture was kept at 50°C for the
next 20 minutes. The resulting magnetic particles were then subjected to magnetic
decantation-mediated washing with deionized water with the help of a permanent magnet
until pH increased to 7, resuspension to 10 mL water, followed by continuous stirring for two
hours at 90°C (“curing”). The particles were then washed 5 times with 10 mL 0.05 M MES buffer
each (in each step incubated with MES buffer for 10 minutes) and finally, 5 times washed with
10 mL autoclaved water each using magnetic decantation. The magnetic particles (MPs) were
stored in water at 4°C after the concentration (mg/mL) was calculated.

Preparation of bare iron oxide magnetic particles. The bare iron oxide particles were
prepared using alkaline coprecipitation methods from FeCl; and FeSO, exactly as described
above except the use of chitosan solution and without the follow-up curing step (heating at
90°C for 2 h). The magnetic particles (MPs) were stored in water at 4°C after the concentration
(mg/mL) was calculated.

Synthesis of electrostatically cross-linked chitosan magnetic particles (ECCMP). The
electrostatically cross-linked chitosan coated iron oxide particles were adopted as previously
reported with the following modification?3. 9 mL of 1% chitosan in 1% acetic acid was mixed
with 1 mL 0.5 mg/ml bare iron oxide magnetic particles in a vial in a preheated water bath at
60°C for 10 mins. The vial was placed on the magnetic stirrer (700 r.p.m) and added with 1.5
mL of sodium tripolyphosphate (STPP) solution (stock concentration 0.5% in water) with
continuous stirring. The reaction was carried out for 10 mins. Then the reaction mixture was
washed with 10 mL of autoclaved water each 10 times. The magnetic particles (MPs) were
stored in water at 4°C after the concentration (mg/mL) was calculated.

Characterization and sample preparation of magnetic particles for FE-SEM, EDX, FT-IR,
DLS, Zeta Sizer and XRD. Morphology and size of the CCCMP, ECCMP, and bare iron oxide were
determined by field emission scanning electron microscopy (FE-SEM, Sigma-Carl Zeiss). The
presence of elements in all types of magnetic particles was identified using energy-dispersive
X-ray spectroscopy (EDX) attached with FE-SEM. X-ray diffraction spectroscopic (XRD) analysis
was carried out for the determination of the crystalline structure of prepared magnetic
particles. Fourier transform infrared spectra (FT-IR) of the samples were recorded on an FTIR
spectrometer (Perkin Elmer) from 500 to 4000 cm™,

Dynamic light scattering (DLS) was employed to determine the hydrodynamic diameter and
zeta potential of chitosan coated iron oxide nanoparticles dissolved in MiliQ water at 25 + 0.1
°C. For hydrodynamic diameter determinations, a backscattering detection angle of 173° was
employed. The Z-potential was estimated using the Smoluchowski equation from the laser
Doppler electrophoretic mobility measurement at 25 £ 0.1 °C.

Genomic DNA isolation from E.coli. E.coli DH5a strain was cultured on tryptic soya broth
(TSB) at 37°C for 12 — 15 h. 10 mL of culture were pelleted down at 4000 r.p.m for 5 minutes
and the pellet is resuspended in 1 mL of lysis buffer (10 mM Tris-HCI, 0.1 M NaCl, 5 mM EDTA,



0.5% [w/v] sodium dodecyl sulfate, Proteinase K (100 ng/mL), pH 7.8). The cell suspension was
incubated at 37°C, 1 mL of 10M ammonium acetate is added, and centrifuged at 12000 r.p.m
at 4°C. The supernatant fluid was transferred into a new sterile tube. Subsequently, cold
isopropanol was added to the supernatant to the final 50% concentration and kept at —20 °C
for 20 min. After this stage, the solution was centrifuged at 12000 r.p.m and the supernatant
was discarded. The pellet is dissolved with 1 mL of cold 70% ethanol, centrifuged at 12000
r.p.m, and the supernatant was discarded. DNA template was air-dried and dissolved in 50 pL
sterile distilled water and stored at —20 °C until PCR amplification.

Cell lysate preparation from bacterial culture. E.coli DH5a strain was cultured on tryptic
soy broth (TSB) at 37 °C for 12 h. 25 uL of culture containing 10° cells was mixed with 25 L of
2X lysis buffer (20 mM Tris-HCI, 2 mM EDTA, 2% [v/v] Triton X100, 1.0% Tween-20, pH-8). For
the limit of detection assays, the cell suspension was serially diluted to 10! — 10° cells/50 puL
using 1X lysis buffer. The cell suspension was incubated at 95°C for 15 minutes and neutralized
with 50 pulL of 0.05 M MES buffer pH-5.2 before magnetocapture experiments.

UV,60 quantification of DNA binding capacity of CCCMP, ECCMP, and bare iron oxide with
pure genomic DNA. 1.0, 2.5, or 5.0 mg of wet CCCMP, ECCMP, or bare iron oxide was taken
from storage and the supernatant was removed by magnetic decantation. 100 pL 0.05 M MES
buffer (pH - 5.2) was added and incubated for 10 mins (charging Step) on the benchtop with
occasional finger tapping. The supernatant was removed by magnetic decantation. The
magnetic particles were then incubated with 50 pL 500 ng/uL E. coli genomic DNA solution in
0.05 M MES buffer (pH - 5.2) on the benchtop with occasional finger tapping or vortex-enabled
shaking. The supernatant was separated from magnetic particles by magnetic decantation. The
particles were washed by resuspension once by addition of 50 uL 0.05 M MES buffer (pH - 5.2)
and the supernatant was separated from magnetic particles by magnetic decantation. The
particles were incubated with 10, 25, or 50 pL of elution buffer 10 mM Tris HCI-pH-8.5 (for 1.0,
2.5, or 5.0 mg magnetic particles, respectively) on a benchtop with occasional finger tapping
or vortex-enabled shaking. The eluent (supernatant) was separated from magnetic particles
using magnetic decantation and quantified with UV,e in @ Thermo MultiSkan Go plate reader
nanodrop. Assuming a linear correlation of DNA adsorption for 1.0, 2.5 or 5.0 mg magnetic
particles, eluted DNA (in ng) was plotted against weight (in mg) of magnetic particles and a
linear fitting was applied. The slope of the linear fit was calculated as the amount of DNA
captured and eluted per mg of wet magnetic particles.

DNA binding assay with CCCMP, ECCMP with pure genomic DNA, and crude cell lysate. 2.5
mg of wet CCCMP or ECCMP was taken from storage and the supernatant was removed by
magnetic decantation. 100 uL 0.05 M MES buffer (pH - 5.2) was added and incubated for 10
mins (Charging Step) on the benchtop with occasional finger tapping. The supernatant was
removed by the magnet. Next, 25 pL MES 0.05 M pH 5.2 solution containing 10! — 10° copies
of E. coli gDNA (in case of genomic DNA) or 100 plL of neutralized (above) heat lysate from 101
— 10° cells (in case of crude lysate) was added to the particles and incubated for 10 mins on
the benchtop with occasional finger tapping. The supernatant was separated from magnetic
particles by magnetic decantation. The particles were washed by resuspension twice by
addition of 25 pL 0.05 M MES buffer (pH 5.2) each time and the supernatant was separated
from magnetic particles by magnetic decantation. 25 pL elution buffer (10 mM Tris HCI, pH
8.5) was added and incubated for 10 mins on the benchtop with occasional finger tapping. The
supernatant was collected as elution and subjected to NAAT procedure as described below.
The magnetic particles left out are called beads and resuspended in 25 ulL autoclaved water
and stored in 4°C.

LAMP with elution and beads obtained from DNA binding assay. The LAMP reaction was
conducted with the elution and beads obtained from DNA magnetocapture assay with 10°
copies of gDNA or heat lysate from 10° cells. The final LAMP reaction (total 25 uL) contained
the primer pairs in the following final concentrations: 0.2 uM outer primers, and 1.6 uM
forward and backward inner primers. The loop primers, when utilized were used at final
concentrations at 0.8 pL. The reaction mix also contained 2.5 pL of 10x Bst 2.0 DNA polymerase
reaction buffer [1x containing 20 mM Tris-HCIl, 50 mM KCI, 10 mM (NH,;),S0,4, 2 mM MgSQ,,
0.1% Tween-20, pH 8.8], 1.4 mM dNTPs, 1 uL of an 8 U/uL concentration of Bst 2.0 DNA
polymerase, 6 mM MgSO, and 5 pL of elution as template. In the case of beads, 5 pL of beads
resuspended in autoclaved water is used as the template. In case of no template control, 5 puL
of autoclaved water is used instead of beads or elution obtained from DNA binding assay.
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Real-time LAMP to determine LoD for detection of bacterial genomic DNA from the
aqueous and crude lysate. Elutions from magnetocapture experiments performed on 10! —
10° copies of aqueous E. coli gDNA solutions or heat lysate from 10! — 10° E. coli cells were
subjected to real-time LAMP experiments. The final LAMP reaction (total 25 plL) contained 0.2
UM outer primers, 1.6 uM forward inner primers, 2.5 uL of 10x Bst 2.0 DNA polymerase
reaction buffer [1x containing 20 mM Tris-HCIl, 50 mM KCI, 10 mM (NH,;),S0,4, 2 mM MgSQ,,
0.1% Tween 20, pH-8.8], 2.5 uL SYBR | (final concentration 1X diluted from 10,000X), 1.4 mM
dNTPs, 1 pL of an 8 U/uL concentration of Bst DNA polymerase (New England Biolabs), 6 mM
MgSO, (2 uL) and 5 pL of elution as template. Real-time LAMP was set at the following settings
for each cycle; 69°C for 30 s, 68°C for 30 s, 67°C for 30 s, 66°C for 60 s with fluorescence
monitoring at the last step. The cycles were repeated 30 times in a CFX Maestro or CFX connect
real-time PCR machine (BioRad). This was immediately followed by the default standard melt
curve analysis protocol present in the instrument, where the temperature was gradually
increased from 65°C to 95°C every 5 s by 0.5°C. Alongside, the fluorescence was recorded at
each temperature increment step.

DNA extraction with CCCMP, ECCMP with mammalian genomic DNA from aqueous
solution and complex biofluid. The magnetocapture extraction-amplification assay was tested
for detecting human genomic DNA sample (obtained from MCF-7 cells) spiked in aqueous
solution or 50% (final) heat-inactivated fetal bovine serum (FBS) samples. In each case, the
assay was performed on 10* copies, 103 copies, or 10? copies present in 25 pL solution. The
aqueous solution or the serum was added with 25 pL 0.1 M MES pH 5.2 buffer. The DNA was
captured using 2.5 mg of either CCCMP or ECCMP by 10 min benchtop incubation with
occasional finger tapping. Following two successive washing with 25 uL 0.05 M MES pH 5.2,
the bound DNA was eluted in 25 pL 10 mM Tris-HCI buffer pH 8.5. 5uL of the elution was
subjected to real-time PCR.

Real-time PCR to determine LoD for detection of human genomic DNA from the aqueous
sample and complex biofluid. In each case, the assay was performed in 25 pL solution, where
the template was the 5 pL elution from the magnetocapture of 104, 103, 10? copies of MCF-7
genomic DNA. The elution was added with 2X proprietary real-time PCR mix (12.5 uL), forward
and reverse primer (final concentration 0.4 uM, actin B gene), and molecular grade water. PCR
was set at the following settings: 95°C for 180 s, then 39 cycles of 95°C for 10 s, 55°C for 10 s,
and 72°C for 30 s, where the last step consisted of fluorescence monitoring. This was followed
by the default program of melt curve analysis where the temperature was gradually increased
from 65°C to 95°C every 5 s by 0.5°C. Alongside, the fluorescence was recorded at each
temperature increment step.
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Table S2. Oligonucleotide primer sequences (5’ to 3') used in this study for loop-mediated

isothermal

amplification (LAMP) and real-time PCR

Primer Name

| Primer Sequence (5' to 3')

For LAMP (malB gene in E. coli)*®

F3 GCCATCTCCTGATGACGC

B3 ATTTACCGCAGCCAGACG

BIP CTGGGGCGAGGTCGTGGTATTCCGACAAACAC
CACGAATT

FIP CATTTTGCAGCTGTACGCTCGCAGCCCATCATG

AATGTTGCT

Loop forward

CTTTGTAACAACCTGTCATCGACA

Loop backward

ATCAATCTCGATATCCATGAAGGTG

For real-time PCR (acti

n B gene in H. sapiens)*®

Forward primer

TGG CAC CACACCTTC TAC AAT

Reverse primer

GGT CTC AAA CAT GAT CTG GGT CA

A Coprecipitation-cured B Electrostatically cross-
linked chitosan magnetic

chitosan magnetic
nanoparticles (CCCM

Magnetic 7 Q Magnet Magnetic

particles particles
No With No With
magnet magnet magnet magnet

P) particles (ECCMP)

Fig. S1. Images of CCCMP (A) and ECCMP (B) particles in the presence or absence of the magnet.
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Fig. S2. EDX characterization of bare iron oxide (A), CCCMP (B), and ECCMP (C) magnetic particles.
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Fig. S4. Visualization of filament-like structure in CCCMP in FE-SEM analysis.
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Fig. S6. Loop-mediated isothermal amplification for detecting malB gene in E. coli. A, non-specific
amplification in the presence of loop primers analyzed in 1.5% agarose gel. Lane 1, in presence of E.
coli genomic DNA. Lane 2, in the absence of E. coli genomic DNA. B, amplification in the absence of
loop primers analyzed in 1.5% agarose gel. Lane 1, in presence of E. coli genomic DNA. Lane 2, in the
absence of E. coli genomic DNA. The leftmost lanes in both gels represent a 10 kb ladder.
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Fig. S7. Magnetocapture, elution, and loop-mediated isothermal amplification (LAMP) on 10° copies
of E. coli genomic DNA (gDNA) from aqueous solution or crude lysate. A, Scheme of magnetocapture
assay. B, LAMP assay on pH 8.5 buffer elution from magnetocapture on gDNA in aqueous solution. C,
LAMP assay on magnetic particles (MPs) itself after pH 5.2 buffer washing but before pH 8.5 buffer
elution from magnetocapture on gDNA in aqueous solution. D, LAMP assay on pH 8.5 buffer elution
from magnetocapture on crude lysate. E, LAMP assay on magnetic particles (MPs) itself after pH 5.2
buffer washing but before pH 8.5 buffer elution from magnetocapture on crude lysate. For crude
lysate, 10° cells were heat treated (95°C for 15 min) in lysis buffer (10 mM Tris-HCIl, 1 mM EDTA, 1%
Triton X-100, 0.5% Tween 20 pH 8) before magnetocapture. All experiments were analysed in 2%
agarose gel electrophoresis where the leftmost lanes represent 10 kb ladder.
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Fig. S8. Comparison between real-time loop-mediated isothermal amplification (LAMP) (panel A) and
touchdown real-time LAMP (panel B) along with respective temperature cycling information. In both
cases, the fluorescence was monitored at the 66°C step of the cycles. The experiments were
conducted on 10° copies of E. coli genomic DNA and no template control (NTC).
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Fig. S9. Derivative melt curve analysis for real-time LAMP experiments on the elution from
magnetocapture performed on 10 — 10° copies of E. coli genomic DNA in aqueous solution or crude
lysate. A, real-time LAMP on elution from CCCMP magnetocapture on aqueous gDNA. B, real-time
LAMP on elution from CCCMP magnetocapture on crude cell lysate. C, real-time LAMP on elution from
ECCMP magnetocapture on aqueous gDNA. D, real-time LAMP on elution from ECCMP
magnetocapture on crude cell lysate. For crude lysate, the cells were heat treated (95°C for 15 min)
in lysis buffer (10 mM Tris-HCI, 1 mM EDTA, 1% [v/v] Triton X100, 0.5% Tween-20, pH 8) before
magnetocapture. NTC refers to no template control.
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Fig. $10. Colorimetric LAMP assay using WarmStart LAMP Kit (NEB # E1700S) on magnetocapture
extracted gDNA. DNA copies ranging from 2 x 10 — 10° copies in 25 uL 0.05 M MES buffer (pH 5.2)
were subjected to magnetocapture using 2.5 mg CCCMP, and then eluted using 25 pL elution buffer
(10 mM Tris-HCl (pH 8.5)). The follow-up 20 pL colorimetric LAMP reaction in tubes 1 — 6 then
consisted of 10 pL 2X proprietary LAMP colorimetric mastermix, 8 plL elution, and 2 puL 10X E. coli malB
primer mix (without loop primers). EB1 (tube 7) sample consisted of a CCCMP-mediated
magnetocapture experiment without any genomic DNA that was eluted using elution buffer (a “mock”
experiment), followed by colorimetric LAMP having the same reaction composition as above. EB2
(tube 8) sample contained the addition of 8 piL elution buffer (without any DNA from magnetocapture)
to a colorimetric LAMP having the same reaction composition as above.

Fig. S11. Colorimetric LAMP assay using WarmStart LAMP Kit (NEB # E1700S) on magnetocapture
extracted gDNA and “neutralized” magnetic particles. In tube 1, a mock CCCMP magnetocapture
experiment using 2.5 mg CCCMP and 25 pL 0.05 M MES pH 5.2 was conducted but in the absence of
any genomic DNA. At the elution step, the magnetic particles were incubated (10 min) and then
resuspended in the 25 pL elution buffer (10 mM Tris-HCI pH 8.5) itself. The follow-up 20 puL
colorimetric LAMP reaction then consisted of 10 uL 2X proprietary LAMP mastermix, 3 pL resuspended
“neutralized” magnetic particles from above, and 2 uL 10X E. coli malB primer mix (without loop
primers), and 4 uL water. For tube 2, 10° copies of E. coli genomic DNA in 25 uL 0.05 M MES pH 5.2
buffer were subjected to 2.5 mg CCCMP magnetocapture. After elution, the particles were
resuspended in 25 pL water and 8 uL particles were subjected to a 20 plL colorimetric LAMP as
described above. In tube 3, 8 uL elution from the magnetocapture experiment described for tube 2
was subjected to a 20 plL colorimetric LAMP as discussed above. In tube 4, an identical
magnetocapture experiment as described for tube 1 was performed but was not subjected to elution.
Right after washing with 0.05 M MES pH 5.2, the magnetic particles were resuspended in 25 uL water.
8 uL particles were subjected to a 20 pL colorimetric LAMP as described above. In tube 5, 8 pL elution
buffer (10 mM Tris-HCl pH 8.5, without any magnetocapture) was subjected to a 20 plL colorimetric
LAMP as described above.
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Fig. S12. Colorimetric LAMP assay using WarmStart LAMP Kit (NEB # E1700S) on magnetocapture
extracted gDNA. DNA copies ranging from 2 x 10 — 10° copies in 25 uL 0.05 M MES buffer (pH 5.2)
were subjected to magnetocapture using 2.5 mg CCCMP, and then eluted using 25 pL elution buffer
having the composition of 25 mM Tris-HCI (pH 8.5)). The follow-up 20 pL colorimetric LAMP reaction
in tubes 1 — 6 then consisted of 10 uL 2X proprietary LAMP colorimetric mastermix, 8 ulL elution, and
2 uL 10X E. coli malB primer mix (without loop primers). EB1 (tube 7) sample consisted of a CCCMP-
mediated magnetocapture experiment without any genomic DNA (a “mock” experiment) that was
eluted using 25 mM Tris-HCI pH 8.5 elution buffer, followed by colorimetric LAMP having the same
reaction composition as above.
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Fig. S13. Real-time PCR amplification of human genomic DNA in the presence of 50% fetal bovine
serum.
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Fig. S14. Real-time PCR melt curve analysis for magnetocapture experiments on 10?2 — 10* copies of
human genomic DNA in aqueous solution and serum. A, melt curve analysis for pure genomic DNA
(103 copies) and no template control (NTC). B, melt curve analysis for CCCMP magnetocapture
followed by real-time PCR on 10? — 10* copies of genomic DNA from the aqueous sample. C, CCCMP
magnetocapture followed by real-time PCR on 102 — 10* copies of genomic DNA from serum. D, ECCMP
magnetocapture followed by real-time PCR on 102 — 10* copies of genomic DNA from the aqueous
sample. E, ECCMP magnetocapture followed by real-time PCR on 102 — 10* copies of genomic DNA

from serum.
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