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S1.1. Reagents and chemicals

L-glutamate oxidase - 25 (GluOx, EC 1.4.3.11, 25 U/vial) from Escherichia coli species
was procured from Cosmo bio, USA. Graphene oxide (GO) was obtained from Nanosolu-
tion (South Korea). The following reagents and chemicals were obtained from Sigma-Al-
drich (USA): aspartate aminotransferase Type I, in ammonium sulfate suspension, (AST,
EC 2.6.1.1, 200-500 units/vial) from porcine heart, L-aspartic acid, a-ketoglutarate, potas-
sium ferricyanide (Ks[Fe(CN)¢]), 4-dimethyl aminopyridine (DMAP), iron (III) chloride
(FeCls), sodium 4-styrene sulfonate (SS), 2-hydroxyethyl methacrylate (HEMA), sodium
phosphate monobasic (NaH2POs), hydrazine monohydrate, sodium phosphate dibasic
(Na2HPOs), sodium chloride (NaCl), azobisisobutyronitrile (AIBN), N, N'-dicyclohexyl-
carbodiimide (DCC), lipoic acid (LA), dichloromethane (DCM), dimethyl sulfoxide
(DMSO), magnesium sulfate (MgSOs), and potassium chloride (KCI). Phosphate buffer
(PBS) of 50 mM concentration and various pH was prepared using NaH2POs, NazHPOs,
and KCI. All other reagents were of analytical grade and used without any further treat-
ment. All solutions used in the experiments were prepared using triple distilled water.

S§1.2. Instruments and measurements

Field emission scanning electron microscopy (FE-SEM) images were obtained using
a Zeiss GeminiSEM 500 (Carl Zeiss Microscopy Deutschland GmbH, Oberkochen, Ger-
many). Cyclic voltammetry (CV) experiments were done using an electrochemical work-
station (CH Instruments Inc., Austin, USA, model 604E). chronoamperometry (CA) exper-
iments were carried out using electrochemical equipment (Compactstat, Ivium Technolo-
gies B.V., Eindhoven, The Netherlands).

For CA, the biosensor was connected to a potentiostat, 60 uL of ketoglutarate pre-
pared in PBS was placed onto the working electrode and potential of —0.10 V was applied.
After a stable baseline response, 20 pL of Asp solution was added, and the obtained cur-
rent responses were measured after 20 s. For the Asp calibration curve, the CA measure-
ments were repeated using varied concentrations of Asp solutions.

51.2.1 Experimental fish and S. parauberis challenge

Olive flounder were obtained from a commercial fish farm in South Korea and accli-
matized to laboratory conditions for 2 weeks with seawater at 26 °C. Streptococcus
parauberis (S. parauberis) strain SpOF-3k serotype I was cultured on brain heart infusion
agar (BHIA) containing 1% NaCl for 24 h. For S. parauberis infection, fish (S. parauberis
infection group, n=20) were subcutaneously injected with S. parauberis strain at a final con-
centration of 4.3 x 10° colony-forming units/fish. The control group (n=20) was injected
with the same volume of sterile saline. At 7 days post-challenge, fish were dissected after
anesthesia with MS-222. The spleen was aseptically removed from each fish and frozen
immediately using liquid nitrogen.

Infection was confirmed by homogenizing the isolated spleen, followed by serial di-
lution and culturing on BHIA for 24 h.

51.2.2 'H NMR analysis

The individual spleen samples were lyophilized and homogenized for metabolites
extraction. The homogenized samples were pooled to adjust the weight to an average of
60 mg for each control and S.parauberis infected group. Metabolite extraction was per-
formed for each pooled sample using modified Bligh and Dyer's method was used'. The
polar phase supernatant of each sample was collected and lyophilized. After lyophiliza-
tion, the samples were redissolved with 700 uL of deuterium oxide (D20) containing 2
mM 3-(Trimethylsilyl) propionic-2,2,3,3-d4 acid sodium salt (TSP-ds) and transferred into
a5 mm NMR tube. All samples were analyzed using a 600 MHz Agilent NMR spectrom-
eter (Agilent, Santa Clara, CA, USA). A Carr-Purcell-Meiboom-Gill pulse (CPMG) se-
quence was used to suppress the peaks of water and macromolecule. Spectra were ac-
quired with a 22.375 us 90 pulse, 1 s relaxation delay, 3 s acquisition time, and 128 scans.
The total acquisition time was 9 min 56 sec.
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51.2.3 Data Analysis

Identification and quantification of the metabolites were performed using Chenomx
NMR suite 8.4 (Chenomx Inc., Edmonton, AB, Canada). The concentration of metabolites
was calculated with reference to the 2 mM TSP peak. MetaboAnalyst 5.0, a web-based
metabolomics analysis platform, was used for statistical analysis and biomarker analysis
using the targeted profiling data. For multivariate statistical analysis, principal compo-
nent analysis (PCA) and the partial least squares discriminant analysis (PLS-DA) were
performed. Data were normalized by pareto-scaled. The PLS-DA model was evaluated
with two parameters, R2 (the goodness of fit) and Q? (the predictive ability). In PLS-DA
model, the variable importance in projection (VIP) scores was used to identify significant
metabolites which contributed to the group separation. The selected metabolites from
PLS-DA model were analyzed using t test analysis adjusted to a false discovery rate (FDR)
and the receiver operating characteristic (ROC) analysis.
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Figure S1. (a & b) PLS-DA score plot and (c) VIP plot. .
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Figure S2. The concentrations of identified Asp biomarker in control and S. parauberis group
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Figure S3. (a) Reproducibility of the GluOx-ASTENs/PB/SPCE and (b) Stability of the GluOx-AS-
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