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Traumatic brain injury

The sixth cause of death in the world

TBI contributes to 30.5% of all injury-related deaths in the USA

Incidence of Traumatic Brain Injury
by WHO Region




Traumatic Brain Injury (TBI)
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GSC:Glasgow Coma Scale

« Sever<8
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« Mild > 12




Diagnosis Traumatic Brain Injury




S100B

e Damage Associated Molecular
Patterns(DAMP)

 S100B is glial-specific and is expressed
primarily by astrocyte

* S100 calcium-binding protein B (S100B) is a
protein of the S-100 protein family

* Balance calcium in body

e Gold standard measurement=Elisa kit




Structure of biosensors
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Advantages of Electrochemical biosensor

Sensitivity
 Low cast
« LOD
« \ery fast for detection
« Long term stability

« Real time analysis

« Selectivity '
» Response time ‘ '
« Repeatability

« Portability
« User friendly




Electrochemical biosensor
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Type Electrochemical immunosensors

1 electrochemical

IMMmMuNOosensors

2 e |label-free
electrochemical

IMmMmuNosensors
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Nanoparticles

Physical Property
Size

Roughness
Porosity

Surface Chemistry
Surface Charge
Surface
Functionality

Biocompatibility
Toxicity

Dose

Rout of Administration
Metabolism

Clearance Rate
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Gold Nanoparticles




Recent researches

Protein phosphorylation
T proteins, GAP43, p80, p33,
GFAP, vimentin

Protein degradation
E3 ligase hdm2

Cytoskeleton Ca** homeostasis
mwmlulfulcx L ryanodine receptor (7),
type I intermediate filaments, AHNAK

@

caldesmon. calponin. IQGAP! &

Cell loc ti
Regulation of receptor S100B ﬂ::> pﬁ_K;;:::‘l\?ngzK
function ‘Q ; " X

biomarker transducer bioreceptor

S100B Carbon SPE SWCNTs-Nafion-
GA/Ab1/T/HRP-
Ab2

S100B Au DE Recognition probe:
MBs/Auw/Ab/T

Label detection

solution

HRP Reagentless

Label-free

PI3-K/AKUVGSK3/Racl
D2 receptor/ERK, ofadenylyl u)cluxcf s x

Enzymes Transcription factors
membrane-bound guanylate cyclase, p33, MyoD (7), EI2 (?)
fructose-1,6-bisphosphate aldolase,

phosphoglucomutase,
twichin, Ndr

Cell proliferation and

differentiation
P53, PI3-K/AKUp21YAF fcdk4/RB/E2F,
IKKB/NF-xB

Analysis time sample Low detection
limit
60 min HS 10 fgmlL-1
30 min Buffer 10 pM

Horse plasma
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Detection of a Traumatic Brain Injury Biomarker

Anup S. Mathew' - Xuyang Shi' - Siu-Tung Yau'-?

biomarker transducer bioreceptor

S100B Carbon SPE SWCNTs-Nafion-
GA/Ab1/T/HRP-

Ab2

(a) (b)
Field

gs=1
Ve Electrode Enzyme

I 1 mm
Working electrode

(d)
Substrate Product
—~— _r

Enzyme *

Detecting
antibody

Bacteria

Capture
antibody

Electrode

HRP Reagentless

_—Analyte

o
~SP t
Ji . roduc

Enzyme-catalyzed oxidation of analyte

Analysis time sample

60 min HS

— = ox

P— = red

Electrode Active site

Electrode at equilibrium

lectrode Active site

Electrode subjected to positive

cell potential and applied field

Low detection
limit

10 fg mL-1
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Design biosensor for detecting S100B

Optimization




Design of electrochemical Immunosensor for
detection of S100B

FFT:

A fast Fourier transform (FFT) is an
algoritm that computes the discrete
Fourier transform discrete Fourier
transform(DFT) of a sequence, or its
inverse (IDFT

4 i protein
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https://en.wikipedia.org/wiki/Discrete_Fourier_transform
https://en.wikipedia.org/wiki/Discrete_Fourier_transform

Fast
Fourier
Transform




Design of Electrochemical
Immunosensor for detection of

CPA




Candidatus Phytoplasma Aurantifolia

CPA antigen
CPA antibody
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Sensor
Sensor

)

Complex mixture Antigen -Antibody Electrical
such as serum and Interaction signal
plasma
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Apparatus

Reference electrode

v

Auxilary electrode > .

-Working electrode
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Design of electrochemical Immunosensor for
detecting Candidatus Phytoplasma Aurantifolia

Au
- nanoparticle Label free
.-
]

LR CV.DPV.EIS

optimizing layering

selectivity LOD
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Characterization of Au/Au-NPs electrode
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The calibration curve
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Result

Evaluation parameters value
Limit of detection (LOD) 1.5 ng/ml
Linear dynamic rate 0.005-100Im
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Selectivity of the Immunosensor

60 -

Signal intensity (%)
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' Presumed key product requirements specifications of a future sy:

The number of biomarkers necessary to achieve sufficient diagnc

ongoing clinical studies.21:98-100

Diagnostic sensitivity = Number of biomarkers detected (multiplex multivariate analysis)

95%

Diagnostic specificity = Capillary whole blood (finger prick) sample volume <50 uL

75%

Intra-assay %CV precision Linear range (i.e., upper limit of quantification, ULOQ relative to L

<10% biomarker, e.g.,> 1.1 ng mL™1 for GFAP

Inter-assay %CV precision Time-to-results <10 min

<15%

Reagent shelf life =6 Hands-on-time <5 min

months

Lower Detection Limit (LDL) 1/10 of the cutoff (CO) value to distinguish mTBI from physiologi

T



. Label Analysis time and
Technique o _ ) _ - Range (2)
X o Surface modification/ Bioreceptor Detection solution Incubation parameters Lower i i
Biomarker Publication Transducer ) o A o Linear vs target concentration
) functionalization/ Substrate/redox probe/ Volume/Target or Sample Detection Limit
(Target, T) year and (or FED architecture) i ) (i), if not stated otherwise
Assay format mediator/catalyst/ signal Label/Time/Temperature/Flo (1)
reference (e.g., vs lger)
enhancer/pH modulator etc. w rate/Other
(DPM+NAC)/Cu?*/Hiss-RAGE VC1 or C2/T Label-free 10puLT Buffer 2.6 pM (a)4.9 pM 2.6-20 pM (a) 4.9-20 pM (b)
0sSWV AuDE (a) (DPM+MBT)/Cu?*/Hiss-RAGE VC1 or Solutions deoxygenated HP dil. 1:2 (b) 0.9-20 pM (a) 2.7-20 pM (b)
u
201697 C2/T (b) 0.9 pM (a)2.7 pM
(b)
DPV Graoh SPE Electrografted reduced FRGG/GA/Ab/T Label-free T/ 45 min, 4°C Buffer 1pg mL* 1 pg mL*-10 ng mL? (s IgCy)
raphene
201748 p [Fe(CN)g]* HS (and CSF) 1pg mL? 1 pg mL-10 ng mL? (vs IgCy)
EIS Au IDE (microfluidic ID-zigzag (4-ATP+cysteamine)/GA/Ab/T Label-free 5 min Buffer 10 ng mL*- 10 ng mL*-10 pg mL* {vs IgCyr)
2018w biochip) [Fe(CN)g]**/MuxT (flow rate 25 pL min-t)
S100B
$1006 FED (FEED) SWCNTs-Nafion-GA/Ab/T/HRP-Ab, HRP Reagentless T/ 60 min HS 10 fg mL* 10 fg mL2-10 ng mL?
1as Carbon SPE .
calcium- 2018 Ab; / 40 min
binding SWV LFA AgNPs/AuU/4-MBA/AD/T Label-free T /30 min Buffer (pH 6.5) 10 pg mL! 50 pg mL2-1 pg mLt
protein (with SERS) FTO MuxT
2019121 HS <1.8 ng mL* (1)
Continuation
. MHDA/(EDC+NHS)/Ab/T Label-free Optimal Z-t measurement: Buffer 5- 25 2-5 pg mL? 0.1-2800 pg mL*!
EIS (SFI) AuDE [Fe(CN)g]** 15s and 90% blood Recoveries;
u
20194 MuxT and plasma 14-67 pg mLt in
90% blood
PEC (CEP) rGRO-AUNPs/3-ICT-s0l-gel-film/ CdS-QDs 5 uL T/ 30 (45 min Buffer; 20 Buffer 0.15 pg mL* 0.25-10000 pg mL* (vs IgC;)
201910 ITo Ab/T/Ab/(EDC+NHS)/CdS-QDs AA UL T/ 30 min (HS) 6 uL CdS- Hs gmL1(1)
QDs / 30 min
CSV (DPCSV) Recognition probe: Label-free 50 pL T/ 30 min Buffer 10 pM 10 pM-100 nM (non-linear)
Au DE
20204t u MBs/Au/Ab/T Horse plasma <250 pM (1)
- ) WE (graphite): PMMA/-OH[NaOH)/- ALP PAPP 20 LT/ 30 min, 37°C; 20 pL Buffer 0.1pg mLC* 0.1-100 pg mL™
DPv Pencil graphite NH,(PEI)/GA/Ab,/T/Ab/ALP-IgG Ab, / 20 min, 37°C (fl
- min, ow rate
S100B 201313 Microfluidic chip (PMMA) : ! & :
120 pl h?)
51008
calcium- SWV AuDE (Capture peptide+TCEP)/ OPD; Cu® as catalyst for OPD T/2.5h,30°C Buffer 0.1nM 0.1-25.6 nM (vs IgCr)
u
binding 201445 (T+CaCly)/(signal peptide+Cu®*) oxidation HS <0.2 nM (1)
tei
protein OSWV ruDE (DPTA+NAC)/Cu®/His,-RAGE VC1 or C2/T Label-free 10 uL T/ 30 min Buffer 0.52 pM 1-20 pM
u
201416 Nitrogen purging 15 min HP dil. 0.65 pM
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‘ reference
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AR TR B AR R A

(e.g., vs lgcr)

A
enhancer/pH modulator etc. w rate/Other |
(DPM+MNAC)/Cu?*/Hiss-RAGE VC1 or C2/T Label-free 1W0PLT Buffer 2.6 pM (a)4.9 pMm 2.6-20 pM (a) 4.9-20 pM (b)
0SWV AuDE (a) (DPM+MEBT),/Cu?*/Hiss-RAGE VC1 or Solutions deoxygenated HP dil. 1:2 (b) 0.9-20 pM (a) 2.7-20 pM (b)
201697 . C2/T (b) 0.9 pM (a)2.7 pM
(b)
DPV Graoh <P Electrografted reduced FRGG/GA/Ab/T Label-free T/ 45 min, 4°C Buffer 1 pg mL* 1 pg mL*-10 ng mL* (vs IgC;)
raphene
201798 n [Fe(CM):]*" HS (and CSF) 1 pg mL? 1 pg mL*-10 ng mL* (vs IgCr)
EIS Au IDE (microfiuidic ID-zigzag (4-ATP+cysteamine)/GA/Ab/T Label-free 5 min Buffer 10 ng mL*- 10 ng mL*-10 pg mL* {vs igCy)
2018 biochip) [Fe(CN)g]**/MuxT (flow rate 25 pL min?)
S100p
$1008 FED (FEED) SWCNTs-Nafion-GA/Ab,/T/HRP-Ab, HRP Reagentless T /60 min HS 10 fg mL* 10 fg mL2-10 ng mL*!
. Carbon SPE .
calcium- 2018 Ab; / 40 min
binding SWV LFA AgNPs/Auf4-MBA/AD/T Label-free T /30 min Buffer (pH 6.5) 10 pg mLt 50 pg mL-1 pg mL?
protein (with SERS) FTO MuxT
20193 HS 1.8 L)
Continuation
. MHDA/(EDC+NHS)/Ab/T Label-free Optimal Z-t measurement: Buffer 5- 25 2-5 pg mL? 0.1-2800 pg mL*!
EIS (SF1) AuDE [Fe(CN)g)*+ 155 and 90% blood Recoveries;
20194 " MuxT and plasma 14-67 pg mL* in
90% blood
PEC (CBP) rGRO-AUNPs/3-ICT-s0l-gel-film/ Cds-QDs S LT /30 (45 min Buffer; 20 Buffer 0.15 pg mL* 0.25-10000 pg mL* (vs IgC;)
201910 IT0 Ab/T/Ab/(EDC+NHS)/CdS-QDs AA LT /30 min (HS) 6 pL CdS- HS <100 pg mL* (1)
QDs / 30 min
CSV (DPCSV) Recognition probe: Label-free S0 pLT /30 min Buffer 10 pM 10 pM-100 nM (non-linear)
20204 AuDE MBs/Au/Ab/T Horse plasma 250 pM (1)
solution limit
S100B Carbon SPE SWCNTs-Nafion-  HRP Reagentless 60 min HS 10 fg mL-1
GA/Ab1/T/HRP-
Ab2
S100B Au DE Recognition probe:  Label-free 30 min Buffer 10 pM

MBs/Au/Ab/T

Horse plasma
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Table 2

Candidates for biochemical markers for traumatic brain injury (TBI)

chondrocytes,

ITIEl:ll'l( Wyres

after 48-72 h, serum
half-life of
60-120 min

mortality, 1 ICP, poor
GCS and poor GOS,
loss of BBB integrity

Normal
Candidate serum
TBI Physiological Sample levels
biomarker Expression characteristics Timeline source | (ngml!) Diagnostic value Comments
51003 Astrocytes, Schwann | Gliosis, BBB Detection 24 h CSF =0.05 >1.13 ng ml~; Marker for malignant
(21 kDa) cells, adipocytes, compromise postinjury, peak levels serum correlates with 1 melanoma, renal

and/or intestinal
ischemia, also
observed increase in
51003 in trauma
patients with no head

injury
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