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The glial �brillary acidic protein (GFAP) is a promising biomarker for severe brain-related pathologies in humans. The interest on GFAP as a biomarker is related to two main aspects. First, the impor-
tance of the pathologies that can be addressed: severe or mild traumatic brain injuries (TBIs), glioblastoma multiforme (GBM) cancer with or without blood-brain-barrier disruption. Second, the pos-
sibility of detecting this biomarker in circulating blood [1,2].

Here, we show a lab-on-a-chip (LoC) based on ultra-high-frequency surface-acoustic-waves (UHF-SAWs) for the detection of GFAP.  The UHF-SAW resonators [3] multiplexing and the SAW-induced 
recirculation of the �uid inside the microchambers were fundamental for the detection of GFAP with antibodies immobilized on the biosensor surface. This SAW-LoC can be further developed and 
engineered with the aim of realizing a point-of-care biosensing platform for the detection of multiple brain-pathology biomarkers.

We presented a full-SAW LoC comprising of four nanostructured SAW resonators with PNR re�ectors as biosensors, and two IDTs for �uid mixing. The aim of this work was to perform multiplexed bio-
sensing experiments in presence of bionoise and evaluate the device performance with GFAP in clean bu�er. As a result, the LoC could correctly detect 290 pM of SA in 0.56 mM BSA-containing solu-
tion and GFAP at 22.8 pM in PBS.In the light of this biosensing performance and the advantages of an all-electrical readout, this LoC has the potential to be a diagnostic and progostic tool for TBIs. 
In addition, owing to the versatility of this approach, this device can be further developed for other pathologies and applications (e.g., environmental monitoring).
This work is supported by the “FAS14 GLIOMICS” project of “Regione Toscana”: proteomics/genomics/metabolomics for Glioblastoma biomarkers discovery and their detection with an ultrasensitive 
platform.

A) Exploded illustration of the biochip. From 
the bottom to the top layer: lithium niobate 
(LN) substrate, waveguides (WG), resona-
tor-sensors and mixing interdigital transduc-
ers (IDTs), polydimethylsiloxane (PDMS) mi-
cro�uidic channel. 

B) The four UHF resonator biosensors (green 
rectangles) are identi�ed by NW-NE-SE-SW 
labels, and connected to the electric signal 
(red) and ground (white). The two IDTs (W and 
E) send a 50 MHz SAW towards the two mi-
crochambers (black arrows) inducing stream-
ing in the liquid. The liquid-�lled and air-�lled 
microchambers contours are represented by 
the blue dashed lines. Scale bar is 2.5 mm. 

C) Photo of a mounted LoC.

A) Bovine serum albumin (BSA) detection with a non-functionalized sensor. A1) is 
the sensorgram (S is the sensor shift, R is the reference shift and D is the di�erential 
shift): the grey area highlights the BSA incubation. A2) di�erential shifts, BSA is signi�-
cantly detected by the non-functionalized sensor. 

B) BSA and streptavidin (SA)+BSA detection with biotin-PEG-thioled (bPEG)-func-
tionalized sensor. B1) is the sensorgram and B2) shows the di�erential shifts. Exposure 
to BSA did not cause a signi�cant di�erential Δf on a bPEG-functionalized sensor, thus 
PEG acted as an anti-fouling coating as expected. 
BSA+SA solution caused a signi�cant Δf. Signi�cance is (*) for P < 0.05 (**) for P < 0.01 
and (***) for P < 0.001.
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