L)
%
Funded by the =4 g Palacky University
Eurapsesa Unien % ¢ ICNZ Olomouc intelligentsia
7%‘4, &
SrrETIAS

Institut Catala consultants

de Nanociéncia
i Nanotecnologia

CATRIN

CzecMAdvanced
Technology and Research
Institutg

A Novel Biosensing Mechanism Based on Single-Atom Engineering for
Rapid Detection of Antibodies

lvan Dedek 25.03.25



(.... Twinning to boost the scientific and innovation NITrOgen_doped graphene GCId T Fe

capacity of the Universiteti i Tiranés to develop

S U S N A N O sustainable nanosensors for water pollution detection ( N GA_ Fe)

Detection v

Pathogen
PN A

/

/
/ \
&
\

\

~ = q |
50 - -
0 T * T b T
Healthy Asymptomatic Sickness
. Incubation with NGA-Fe Purification Drop-cast/drying Detection
Saliva o > > O . > .
1h 1h 20 min 5 min

Funded by the

Etifopesi Uision The work was supported from ERDF/ESF project TECHSCALE Co-funded by
the European Union

(No. CZ.02.01.01/00/22_008/0004587).



r.. Twinning to boost the scientific and innovation

capacity of the Universiteti i Tiranés to develop

Py
S (9) S - sustainable nanosensors for water pollution detection
. R O IgG Antibodies |
EDC/S-NHS with conjugation e ) ) . )
: Pristine NGA-Fe With EDC/S-NHS linker Without linker
Antibody e —— . 3
> | )
Impedance,
without conjugation
g
Antibody £
> |8
Impedance,,, (kQ)
3
_ e NGA Fe
9 1 ® NGA-Fe with EDC/S-NHS + IgG
o ) © NGA-Fe without linker + IgG
29
s
] ° ®
C ® @ ®
O @ e
-8 14 ® Tet Tt * N Q
o o *e, "o 180 min 120 min 60 min 30 min
N ‘ s “ Incubation time
0+ T T T T
0 1 2 3 4 .
impedance,, (kQ) « Reduced complexity and cost

Funded by the
European Union

The work was supported from ERDF/ESF project TECHSCALE - Co-funded by

the European Union

(No. CZ.02.01.01/00/22_008/0004587).



..
r Twinning to boost the scientific and innovation oL H : :
. .. capacity of the Universiteti i Tiranés to develop IndIVIdUC” O nh bOdleS response | |n1'erference?

S 'U S N A N O sustainable nanosensors for water pollution detection

9

1 R_::
81 @ IgA 15 ug/ml 80; Q
1% omiapgimi 24910 ascorbic acid (AA)
< 61 e NGA-Fe 1467 Q glutamic acid (E)
& 51 alanine (A)
%4— . B prolipe (P)
85 et te g glycine (G)
= . . 5 glucose (Glu)
lactate (L)
Fong uric acid (UA)
4 5 6 7 8 9 NaCl, KCI, and CaCl,
Impedance,.; (k) lactoferrin (Lac)
o) Y03 738208855%% a-amylase (a-A)
N = 0 human serum albumin (HAS)
© O\ FeSJ’/O *Physiological concenfration antibodies (lgA' |gG' lgM)
H/ | \NH2
2 O-m)
O

Funded by the

European o




..
( . Twinning to boost the scientific and innovation W - ' S
. capacity of the Universiteti i Tiranés to develop I n d IVI d U O | O n TI bO b I es + H A

S U S N A N O sustainable nanosensors for water pollution detection

12 g 4.0 B T T T g T T T T 3.5 C g 11 D T T T T T T T T T T
i Ret: | Rct: ] Ret Ret:
® NGA-Fe 1914Q ] W ROA kS 1268 Q . 30]® NGA-Fe 1467 Q %7 NGA-Fe 1565 Q )
109 0 IgA 15 ug/ml 8031 Q © 1gG 7.5 ug/ml 1863 Q |® IgM2ug/ml 2096 Q 940 HSA25ug/ml 2969 Q .
g 771° '9ASOug/ml - 9654Q 5 ® IgG 15ug/ml 2014 Q 1|5 25{® lgM4ug/ml  2345Q & 8]© HSA 50 ug/ml 4262 Q ]
~ g4 @ IgA 100 ug/ml 9924 Q X 1| ©1gG30ug/ml 2578 Q vy ® IgM8ug/ml  2474Q < 1® HSA100pg/ml 7528 Q 9
2 ,]1© IgA300ug/ml 10459 Q 22 : I9G 45ug/ml 2594 Q 11| 2,0]® lgM12pug/mi 1952Q 2 "le HsA 200 pg/ml 8626 Q
8 5 S — B B 151 T 3 °] ]
3 T T 311 1118 3 o :
E € £ E 4 P i e SN NN ]
T L, L\ T 1.0 . T T Yl L2 LA
™ 94 ) ® @ @ ® .. =
™ ‘ 0.5 |:o 00 %% e, ®e .-.‘.
° 54 . O‘G @00y o6 L ) o, ]
Q% : Ly WW \' '\}v
T T T T T T T T 0~0 1 T T T T T T T 0 T T T T T T T T T T
4 5 6 7 8 9 10 11 12 00 05 10 15 20 25 30 35 40 o 1 2 3 4 5 6 7 8 9 10 1
E Impedance,, (kQ) F Impedance, ., (kQ) G Impedance,., (kQ) H Impedance, ., (kQ)
1000
800 - — NGA-fe — NGA-Fe — NGAFfe 700 — NGATe
IgA 15 pg/ml I9G 7.5 ug/ml 800 IgM 2 pg/ml % — 25 ug/ml
700 - IgA 50 pg/mi 8004 744 un — 1gG 15 ug/ml IgM 4 ug/ml i 50 ug/ml
0. — IgA 100 pg/ml L2 WY IgG 30 pg/ml 651 pA — IgM 8 pg/ml 495 pA -~ 100 ug/ml
. — IgA 300 ug/ml | - [5G 45 TG a0 — IgM 12 ug/ml LT e o i A — 200 ug/ml
< 500 = IgA 400 pg/ml < 600 — 1gG 60 pg/ml | || < 146 A — IgM 16 pug/ml '5:;400 — 400 ug/ml
= g 504 A = 3 400 — =
© 400 - ) ) S ,
400 o \
3 a0 304 1A S o s E 300+ \
= 210 pA N\
iR y
200 -
146 4 2004 200
100 - 100
01 T T T T T T s T T 04— ——T —T T T T 7 04— — T T T T T G 0 T T T T T T T T
-03 -02 -01 00 01 02 03 04 05 06 -03 -02 -01 00 Ol 02 03 04 05 06 -03 -02 -01 00 01 02 03 04 05 06 02 -01 00 ©01 02 03 04 05 06
Potential (V) Potential (V) Potential (V) Potential (V)

Funded by the
European Union




r.. Twinning to boost the scientific and innovation

capacity of the Universiteti i Tiranés to develop
S O S - sustainable nanosensors for water pollution detection

Table 1. Physiologically relevant levels in saliva

IgM a-amylase
Mixture IgA mli-! IgG mli-! _ HSA mli-! _
gA (kg mi™) 119G (ngml™) i) (ug mi™) (ug mi-)
Healthy levels 100 15 4 50 200
Flevated 300 45 12 100 100
antibodies
Elevated HSA 100 15 4 200 100
High levels 300 45 12 200 400
Table 2. Achieved assay
Analyte Dynamic range Limit of detection Sensitivity
38.5nM - 1.03 uM . I
IgA (390 kDA) (15 ug mi- = 400 ug mi-1) 0.38 ug mI~' (0.97 nM) 6,220 kQ nM~T cm
46.9 NnM =375 nM . IR
1IgG (160 kDA) (7.5 ug mi-'— 60 ug mi-) 0.23 ug mi=' (1.44 nM) 1,270 kQ nM~' cm
2.06 NM = 16.5 nM . . )
IgM (970 kDA) (2 ug mF'— 6 ug m-) 1.42 ug mi=' (1.46 nM) 3,190 kQ nM~"cm
376 NM — 6 UM
HSA (66.5 kDA) (25 ug mil="— 400 pyg mli™1) 0.03 ug mi=1(0.45 nM) 2,960 kQ NnM~1 cm~2
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