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Q PROOF OF CONCEPT

Graphene field-effect transistor (GFET) biosensors exploit the atomically thin, To show that our idea really works, we chose a well-known test protein called
high-mobility, and low-noise characteristics of graphene to transduce  calmodulin. Think of calmodulin as a tiny spring-loaded clamp that changes its shape
biorecognition events directly into an electrical signal. When a bioreceptor is  the moment it grabs hold of a calcium ion. In its relaxed state the protein is compact, but
immobilized on the graphene channel, binding of target analytes perturbs the  as soon as calcium is present it swings open and exposes new surfaces. Because these
local charge distribution and shifts the GFET transfer curve, enabling label-free, conformational shifts are large and happen quickly, they act like a clear on-off signal
real-time detection with sub-picomolar sensitivity. Because graphene is that our graphene sensor can easily read. By watching the electrical response of the
mechanically robust, chemically inert, and compatible with wafer-scale  device as calmodulin opens and closes, we can confirm that our DNA-guided strategy

microfabrication, GFET platforms are being actively investigated for point-of- puts the protein in just the right position to turn those motions into a measurable
care diagnostics, environmental monitoring, and high-throughput drug electronic pulse.
screening.
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Despite these advantages, large-scale deployment of GFET biosensors remains  The DNA-oriented GFET architecture can be seamlessly integrated into disposable chips

limited by three inter-related phenomena: for point-of-care applications.

1. Debye Screening — In physiological buffers (ionic strength = 150 mM), the
Debye length is < 1 nm, severely attenuating the electrostatic signature of
most biomolecular interactions that occur a few nanometres away from the
graphene surface.

2. Random Protein Orientation - Conventional physisorption or NHS-
mediated coupling yields heterogeneous orientations, masking active sites
and diminishing signal-to-noise ratios.

3. Non-specific Adsorption — Hydrophobic m—mt stacking between aromatic
residues and graphene promotes irreversible fouling, degrading device

reproducibility and operating lifetime.
Negatively charged

We built a step-by-step modelling pipeline to fine-tune the way DNA spacers hold a

protein above the graphene surface. By running both detailed (all-atom) and simplified

(coarse-grained) molecular dynamics simulations on biomolecules with double-

stranded DNA spacers of 12, 16, 22, and 28 base pairs, we could observe how each
@ length bends, tilts, and flexes. These simulations told us how often the attached protein

remains within the sensor’s sensitive electrical layer—key information for selecting the
spacer that yields the strongest signal. ol

(- =

A
)
(- i et | ——

L & a2 &
3

J

@

e
i o ot

|

\

1)
gt

== ,nggfi%;c:n
———

UL

O N R

(/

!

U
f

|

CIR(I

Hixd

f

{
h ()
JUU\JO\

Q

I

\

|
sgj{l\
J
g
i

I

‘>

h

FAST. FLEXIBLE. FREE. ™\

GROMAC! DAY

ot

s .l
-
]

I

REFERENCES ACKNOWLEDGEMENTS

. L i

v] ‘_1 |

- Ay -

)
4L %

o

CONTACTS



