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[bookmark: _Toc223349670]Methodical details Nano-LC-ESI-MS/MS
Table S 1: Parameters used for nano-LC-ESI-MS/MS measurements 
	Parameter Nano-LC
	Specification/Value

	RSLC nanoLC System
	Thermo Scientific™; U3000 Nano Flow RSLCnano SYS W/O DET; 5200.0355

	Nano-pump module and column oven
	NCS-3500RS 


	Autosampler
	WPS-3000TPL RS

	UV-Detector
	VWD-3100 Detector with flow-through cell; 214 nm

	Column
	Acclaim™ PepMap™ 100 C18 LC Columns;
75 μm I.D. x 50 cm; 2 μm; P/N 164942

	Precolumn
	μ-Precolumn 300 μm I.D. x 5 mm C18 PepMapTM 100, 5 μm, 100 Å; P/N 160454

	Mobile Phase – Loading pump
	0.5% trifluoroacetic acid

	Flow rate – Loading pump
	15 µL/min

	Mobile Phase – Nano pump
	A: 0.1% formic acid
B: 80% acetonitrile incl. 0.08% formic acid

	Flow rate – Nano pump
	0.3 µL/min

	Injection volume
	1 µL (via µL-pickup)

	Column oven temperature
	45 °C

	Duration of method
	120 min

	Elution Gradient
	0-5 min 3% B; 5-81 min 3%-40 % B; 81-83 min 40%-95% B, 83-100 min 95% B; 100-105 min 95%-3% B; 105-120 min 3% B

	Parameter Nano-ESI
	

	Spray voltage (|kV|)
	2

	Spray current (µA)
	0.1

	Capillary temperature (°C)
	275

	S-lens RF level
	50

	[bookmark: _Hlk159417169]Parameter Q Exactive Plus Mass Spectrometer
	

	General
Polarity
Lock masses                                                                                                       
	
Positive
15 most positive

	Full MS
Resolution
AGC target
Maximum IT
Scan range
	
70000
1e6
50 ms
375 to 1500 m/z

	Parameter Q Exactive Plus Mass Spectrometer
	

	dd Settings
Minimum AGC target
Intensity threshold
Apex trigger
Charge exclusion
Peptide match
Exclude isotope
Dynamic exclusion
	
8.00e3
1.6e5
-
Unassigned, 1, 7, 8, >8
Preferred
On
50.0 s



Cont. Table S1: Parameters used for nano-LC-ESI-MS/MS measurements 
	Parameter Q Exactive Plus Mass Spectrometer
	

	dd-MS2/dd-SIM 
Resolution
AGC target
Maximum IT
Loop count
TopN
Isolation window
Fixed first mass
(N)CE/stepped
	
17500
1.e5
50 ms
15
15
2.0 m/z
-
nce_27
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Table S2: Parameters used for protein identification/quantification in MaxQuant v.2.0.3.0 – only the most important parameters are shown.
		Category
	Parameter
	Value / Setting

	Input and database
	Input file type
	thermo.raw

	
	FASTA database
	User-selected

	
	Identifier parse rule
	>([^\s]*)

	
	Description parse rule
	>(.*)

	Peptide identification
	Minimum peptide length
	7

	
	Maximum peptide mass (Da)
	4600

	
	Minimum unique peptides
	0

	
	Missed cleavages
	2

	
	Enzyme
	Trypsin/P

	
	Digestion mode
	Specific

	Modifications
	Fixed modifications
	Carbamidomethyl (C)

	
	Variable modifications
	Oxidation (M), Acetyl (Protein N-term)

	FDR control
	PSM FDR
	0.01 (1%)

	
	Protein FDR
	0.01 (1%)

	
	Decoy mode
	Revert

	Quantification (LFQ)
	Quantitation method
	Label-free quantification (LFQ)

	
	Peptides for quantification
	Unique + razor

	
	Use only unmodified peptides
	Yes

	
	LFQ minimum ratio count
	2

	
	LFQ minimum number of neighbours
	3

	
	LFQ average number of neighbours
	6

	
	Normalization type
	Classic

	
	Separate LFQ in parameter groups
	Not selected

	
	Stabilize large LFQ ratios
	Enabled

	
	Require MS/MS for LFQ comparisons
	Enabled

	Advanced options
	iBAQ calculation
	No

	
	Match between runs
	No

	
	Include contaminants
	Yes

	
	Calculate peak properties
	Disabled

	Output
	Generated files
	Protein Groups

	
	PTXQC report
	True

	Instrumental / search tolerances
	First search peptide tolerance
	20 ppm

	
	Main search peptide tolerance
	4.5 ppm

	
	Isotope match tolerance
	2 ppm
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Au-NPs prepared according to Britto Hurtado et al. [1] have previously been applied successfully in SERS-based biological studies [2]. For NP preparation, a 50 mM solution of ascorbic acid and a 100 mM solution of sucrose were used. The reduction solution was made by mixing 0.5 mL of both solutions and diluting the mixture to 10 mL with HPLC-grade water. A 1 mM HAuCl4 solution was prepared by diluting 1.5 mL of the HAuCl4 stock (20 mM chloroauric acid stock solution by dissolving 40 mg HAuCl4 3H2O in 5 mL HPLC-grade water) to 30 mL with HPLC grade water. The reduction solution was then quickly added to the gold solution, resulting in a color change to red-purple. UV/Vis spectra of the NPs were acquired using a Tecan Plate Reader in the range of 380–750 nm. A characteristic surface plasmon resonance peak at ~500-550nm for gold indicated the successful preparation of SERS-active nanoparticles. Additionally, SEM images were generated with SEM Ultra Plus (Zeiss) at the PLUS University Salzburg to assess the nanoparticle size. 
(a)
(b)

[image: Ein Bild, das Text, Reihe, Diagramm, Screenshot enthält.][image: Ein Bild, das Schwarzweiß enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Figure S1: (a) UV-Vis spectrum, x-axis wavelength from 380 to 750 nm, y-axis the intensity in au, the maximum at 528 nm indicating the nanoparticle size of around 40 nm. (b) SEM image of 40 nm sucrose / ascorbic acid Au-NPs.
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Table S 3: Parameters for the automated QC tool used and pre-processing for the different Raman datasets. The wavenumber was restricted to a region of interest. The spectral range used for each dataset is shown. For peak detection the window-size, threshold and minimum height for the calculation are shown. The scoring is based on the number of peaks as well as their heights (QC_SCORE and QC_PEAKS). The number of spectra kept after QC was set to 300 (QC_NUM).
	
	Settings

	Spectral Range
	

	Range low [cm-1]
	450

	Range high [cm-1]
	1650

	Peak Detection
	

	QC_WINDOW
	35

	QC_TRESHOLD
	0.001

	QC_MIN_HEIGHT
	50

	Scoring
	

	QC_SCORE
	1

	QC_PEAKS
	1

	QC_NUM
	300



Table S 4: Hyperparameters for each machine learning algorithm are specified with their minimum and maximum values including C representing regularization strength for L1 or L2 regularization; α as the complexity parameter for minimal cost-complexity pruning in the decision tree model and Feature Subsample referring to the fraction of randomly selected features used for each tree in a random forest model.
	Model
	Parameter
	Values

	PCA-LDA
	Number of components
	1-50

	NMF-LDA
	Number of components
	5-40

	FA-LDA
	Number of components
	5-40

	Peak-Picking LDA
	Minimum distance
	10-150

	Logistic Regression L1
	C
	10-2-101

	Logistic Regression L2
	C
	10-5-10-1

	SVM L1
	C
	10-3-10

	SVM L2
	C
	10-5-10-1

	Decision Tree
	α
	10-3-10-1

	Random Forest
	Feature Subsample
	0.01-0.2

	GDBT
	Learning Rate
	0.01-0.2
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All machine learning models were evaluated using nested cross-validation, with hyperparameter optimization performed exclusively within the inner cross-validation loop. Model performance metrics, including accuracy, ROC curves, AUC values, F1 scores, and confusion matrices, were computed on the outer test folds only.
Hyperparameter search spaces were predefined and constrained to prevent overly complex model configurations. Detailed training and test results, quality control metrics, and full model diagnostics for all classifiers are provided in the accompanying reproducible HTML reports available in the GitHub repository - https://github.com/davidlilek/ABC_ANAKON_2025/tree/master/sers/results_machinelearning  
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Data and Code Availability
Detailed proteomics workflows and results are publicly available in the GitHub repository, including RMarkdown files, rendered HTML outputs, and raw result tables (Excel format). PTXQC reports for each cell line are also provided to ensure transparency of data quality assessment.
Repository:
https://github.com/davidlilek/ABC_ANAKON_2025/tree/master/proteomics 
The repository contains the analysis version used for this manuscript and includes:
· reproducibility.Rmd (analyses corresponding to Figures 3–4)
· heatmap_poi.Rmd (Figure 5)
· evaluation_reproducibility_rev001.Rmd (comprehensive reproducibility assessment as a supplement to reproducibility.Rmd)
· evaluation_diffproteomics_L428.Rmd
· evaluation_diffproteomics_L540_living.Rmd
· evaluation_diffproteomics_L540_cryo.Rmd
· proteomics_detailed_results.xlsx (complete differential expression results)
· PTXQC quality control reports for each cell line (ptxqc_*.pdf)
Reproducibility and Biological Variability Assessment
Additionally, to the main document the quality of the data was assessed using PTXQC in combination with established visualization strategies for bottom-up proteomics. Below, we provide a brief summary of the selected results. Further details, code and plots can be found in the "evaluation_reproducibility_rev001.Rmd" file.
PCA was performed on log2-transformed LFQ intensities after centering. For each cell line, PCA was first conducted separately for each treatment condition to assess within-condition variability and replicate clustering. Subsequently, a combined PCA including all treatment groups was performed for the respective cell line to evaluate treatment-driven separation and global variance structure. The same analytical strategy was applied consistently to all investigated cell lines. PCA revealed a primary separation according to treatment condition predominantly along PC1 and, to a lesser extent, along PC2, across all analyzed cell lines. Measurement replicates exhibited the most compact clustering pattern. Technical replicates grouped consistently within treatment conditions, whereas biological replicates showed slightly increased dispersion, as expected for biological variability. This pattern was particularly evident for L-540 living and L-540 cryo cells. In L-428 cells, a slightly increased dispersion of one replicate was observed, which is consistent with the corresponding CV and correlation analyses. No systematic clustering according to measurement batch or LC–MS run was detected.
Biological reproducibility was additionally evaluated using coefficient of variation (CV) calculations on non-log-transformed LFQ intensities per protein and per treatment group, as well as Pearson correlation analysis between biological replicates. For L-540 living cells median CV values ranged from 6.8% (Etoposide) to 17.7% (Resveratrol). Between 56% and 92% of proteins exhibited CV values below 20%, while only 2.7–23.3% exceeded 30% variability. Pearson correlation coefficients between biological replicates ranged from 0.953 to 0.988, indicating strong concordance across treatment conditions. For L-540 cryo cells median CV values ranged from 8.2% (RE) to 18.2% (Etoposide). The proportion of proteins with CV <20% ranged between 54% and 84%, whereas 4.6–24.9% exceeded 30%. Biological replicate correlations ranged from 0.962 to 0.985, confirming robust reproducibility. L-428 cells exhibited moderately higher biological variability compared to L-540 cells. Median CV values ranged from 19.6% to 21.9% across treatments, with approximately 45–50% of proteins showing CV <20% and around 31–33% above 30%. Pearson correlation coefficients ranged from 0.77 to 0.98. The increased dispersion was primarily driven by one biological replicate generated at a distinct cultivation timepoint, which exhibited a lower number of quantified proteins. Importantly, variability patterns were consistent across treatments, suggesting intrinsic biological heterogeneity rather than systematic technical bias.
This analysis demonstrates a high concordance between biological replicates in L-540 cell lines and a moderately increased, yet acceptable, level of biological variability in L-428 cells. Across all cell lines, variance was primarily driven by treatment effects rather than within-group or technical/measuring variability. Overall, these results support the robustness of the dataset and its suitability for downstream differential expression and biomarker analyses.
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Table S 5: Band assignment of the coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature. 
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	medium -
	RE vs E
	L-540
	Phenylalanine (451–456)
	[3]

	medium -
	E vs R
	L-428
	Phenylalanine (451–456)
	[3]

	medium +
	RE vs C
	L-428
	Phenylalanine (451–456)
	[3]

	strong +
	E vs R
	L-428
	 (461)
	-

	weak -
	RE vs C
	L-428
	 (474)
	-

	medium +
	E vs R
	L-540
	 (476)
	-

	medium +
	RE vs E
	L-540
	Glycogen, DNA (481)
	[4–6]

	weak -
	RE vs R
	L-540
	Glycogen (489–490)
	[4–7]

	weak -
	C vs R
	L-540
	Glycogen (489–490)
	[4–7]

	weak -
	C vs E
	L-540
	Glycogen (489–490)
	[4–7]

	weak -
	E vs R
	L-540
	Amino Acids (496)
	[4, 8]

	medium +
	E vs R
	L-428
	Glycogen, DNA (514)
	[6, 9, 10]

	weak -
	RE vs E
	L-540
	Proteins, Phosphatidylinositol (520)
	[3, 6]

	weak -
	RE vs C
	L-428
	Proteins, Cholesterol (528–544)
	[5, 6, 11]

	weak +
	RE vs E
	L-540
	Proteins, Cholesterol (528–544)
	[11, 12]

	weak -
	C vs R
	L-428
	Proteins, Cholesterol (528–544)
	[3, 6, 11]

	medium -
	E vs R
	L-540
	 (560)
	-

	medium +
	E vs R
	L-540
	 (563)
	-

	medium +
	RE vs R
	L-540
	 (563)
	-

	weak -
	RE vs R
	L-540
	Tryptophan, Cytosine, Guanine (572)
	[5, 6, 13]

	medium -
	RE vs C
	L-428
	Phosphatidylinositol (597–600)
	[6]

	strong -
	E vs R
	L-428
	Phosphatidylinositol (597–600)
	[6]

	medium -
	E vs R
	L-540
	 (603)
	-

	medium +
	E vs R
	L-428
	 (604)
	-

	medium +
	C vs R
	L-540
	Phenylalanine (610–634)
	[6, 13, 14]

	weak +
	E vs R
	L-540
	Phenylalanine (610–634)
	[6, 13, 14]

	weak +
	RE vs C
	L-428
	Phenylalanine (610–634)
	[6, 13, 14]

	weak -
	RE vs R
	L-428
	Phenylalanine (610–634)
	[6, 13, 14]

	medium -
	RE vs E
	L-540
	Phenylalanine (610–634)
	[6, 13, 14]

	medium +
	RE vs E
	L-540
	Phenylalanine (610–634)
	[6, 13, 14]

	medium -
	RE vs C
	L-428
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (637–649)
	[3, 5, 6, 13]

	medium +
	C vs R
	L-428
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (637–649)
	[3, 5, 6, 13]

	medium +
	RE vs E
	L-428
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (637–649)
	[3, 5, 6, 13]

	weak -
	E vs R
	L-540
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (637–649)
	[3, 5, 6, 11]

	medium +
	RE vs C
	L-428
	Cysteine, Tyrosine, Guanine, Thymine (661)
	[6, 11]

	medium +
	C vs R
	L-540
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (674–679)
	[6, 9, 12, 15, 16]


Cont. Table S 5: Band assignment of the LogL1 coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature.
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	strong -
	RE vs C
	L-428
	Phenylalanine, Cysteine, Tyrosine, Guanine, Thymine (674–679)
	[6, 9, 12, 15, 16]

	strong -
	E vs R
	L-428
	Phenylalanine, Tyrosine (683)
	[14]

	medium -
	RE vs R
	L-428
	Phenylalanine, Guanine (685)
	[3, 14]

	weak -
	E vs R
	L-540
	 (692)
	-

	weak -
	RE vs E
	L-428
	 (693)
	-

	medium +
	RE vs E
	L-540
	 (694)
	-

	medium +
	E vs R
	L-428
	 (695)
	-

	strong -
	RE vs E
	L-540
	Cholesterol, Cholesterol Ester (700)
	[6]

	strong +
	E vs R
	L-540
	Cholesterol, Cholesterol Ester (700)
	[6]

	weak +
	C vs E
	L-428
	Lipids, Phospholipids (715–716)
	[3, 6, 9, 12, 14, 15]

	medium +
	C vs R
	L-428
	Lipids, Phospholipids (715–716)
	[3, 6, 9, 12, 14, 15]

	strong -
	C vs R
	L-428
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	strong -
	C vs E
	L-428
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	strong -
	C vs R
	L-540
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	strong -
	C vs E
	L-540
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	strong +
	RE vs C
	L-540
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	strong +
	RE vs C
	L-428
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	medium -
	E vs R
	L-428
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	medium -
	RE vs E
	L-540
	Proteins, Cytochrome C, Adenine (730–740)
	[5–7, 10, 14]

	weak +
	C vs E
	L-540
	DNA, RNA (745)
	[4, 6]

	medium +
	RE vs E
	L-540
	DNA, Tryptophan, Cytochrome C (747–749)
	[4–6, 14, 17]

	strong +
	E vs R
	L-428
	DNA, Tryptophan, Cytochrome C (747–749)
	[4–6, 14, 17]

	medium +
	E vs R
	L-540
	DNA, Tryptophan, Cytochrome C (747–749)
	[4–6, 14, 17]

	medium -
	RE vs C
	L-428
	DNA, RNA, Phosphatidylinositol (776–777)
	[5–7, 18]

	medium -
	RE vs R
	L-540
	DNA, RNA, Phosphatidylinositol (776–777)
	[5–7, 18]

	medium -
	E vs R
	L-540
	DNA, RNA, Phosphatidylinositol (776–777)
	[5–7, 18]

	v. strong -
	E vs R
	L-428
	DNA, RNA (781–799)
	[4, 7, 9, 10, 12, 14]

	weak +
	RE vs E
	L-540
	DNA, RNA (781–799)
	[4, 7, 9, 10, 12, 14]

	medium +
	E vs R
	L-428
	DNA, RNA (781–799)
	[4, 7, 9, 10, 12, 14]

	medium -
	E vs R
	L-540
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	medium +
	RE vs E
	L-540
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	medium +
	C vs R
	L-428
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	weak +
	C vs E
	L-428
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	medium -
	RE vs C
	L-428
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	medium -
	E vs R
	L-428
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	medium +
	E vs R
	L-428
	Proline, (Poly)Saccharides (840–868)
	[5, 6, 11, 13, 18]

	weak -
	RE vs E
	L-428
	Saccharides (887–888)
	[6]

	medium -
	RE vs E
	L-540
	 (905)
	-

	medium -
	RE vs C
	L-428
	 (907)
	-

	weak -
	C vs E
	L-540
	 (908)
	-

	weak +
	C vs E
	L-428
	Glucose? (910–913)
	[6, 13]

	medium -
	E vs R
	L-428
	Glucose? (910–913)
	[6, 13]


Cont. Table S 5: Band assignment of the LogL1 coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature.
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	weak +
	RE vs E
	L-540
	Glucose? (910–913)
	[6, 13]

	weak -
	E vs R
	L-540
	Glucose? (910–913)
	[6, 13]

	weak +
	C vs R
	L-428
	Proline, Glucose (917–918)
	[5, 6, 18]

	medium +
	E vs R
	L-540
	Proline, Glucose (917–918)
	[5, 6, 18]

	medium +
	E vs R
	L-428
	Proline, Valine (Amino Acids) (931)
	[5–7, 9]

	weak -
	RE vs C
	L-428
	Proteins, Phenylalanine (951)
	[6, 18, 19]

	weak -
	C vs E
	L-428
	Lipids, Phosphate (960–968)
	[5, 6, 11, 12, 12]

	weak -
	C vs E
	L-540
	Lipids, Phosphate (960–968)
	[5, 6, 11, 12, 12]

	weak -
	RE vs E
	L-428
	Lipids, Phosphate (960–968)
	[5, 6, 11, 12, 12]

	weak +
	RE vs R
	L-540
	Lipids, Phosphate (960–968)
	[5, 6, 11, 12, 12]

	medium +
	C vs E
	L-428
	Proteins, Lipids (977)
	[3, 4, 6, 10, 18]

	medium -
	RE vs C
	L-428
	Proteins (991)
	[18]

	medium +
	C vs E
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	strong +
	C vs R
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	very strong +
	RE vs R
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	very strong +
	E vs R
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	very strong +
	RE vs E
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	very strong +
	RE vs C
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	strong +
	RE vs E
	L-540
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	medium -
	E vs R
	L-540
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	strong -
	E vs R
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	strong -
	RE vs E
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	strong -
	RE vs R
	L-428
	Phenylalanine, Tryptophan (995–1007)
	[3, 4, 6, 7, 11, 12, 15, 19]

	medium -
	RE vs E
	L-540
	Phenylalanine, Tryptophan, Serine (1012–1013)
	[11, 18]

	weak +
	E vs R
	L-540
	Phenylalanine, Tryptophan, Serine (1012–1013)
	[11, 18]

	weak -
	C vs R
	L-540
	Phenylalanine (1029)
	[3, 4, 6, 12, 15, 18]

	weak +
	RE vs C
	L-540
	Phenylalanine (1029)
	[3, 4, 6, 12, 15, 18]

	weak +
	RE vs R
	L-540
	Phenylalanine, Proline, Collagen (1033)
	[3, 6, 7, 15, 18]

	weak -
	C vs E
	L-540
	Proline (1039)
	[18]

	weak +
	RE vs E
	L-540
	Proteins, Lipids (1051–1067)
	[5, 6, 10, 12]





Cont. Table S 5: Band assignment of the LogL1 coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature.
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	weak +
	C vs E
	L-540
	Proteins, Lipids (1051–1067)
	[5, 6, 10, 12]

	medium -
	E vs R
	L-540
	Proteins, Lipids (1051–1067)
	[5, 6, 10, 12]

	medium +
	E vs R
	L-540
	Lipids/Phospholipids, DNA (1072–1077)
	[3, 6, 11, 19]

	strong -
	RE vs C
	L-428
	Lipids/Phospholipids, DNA (1072–1077)
	[3, 6, 11, 19]

	strong -
	E vs R
	L-428
	Lipids/Phospholipids, DNA (1072–1077)
	[3, 6, 11, 19]

	medium -
	RE vs R
	L-540
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	very strong +
	E vs R
	L-428
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	weak +
	RE vs E
	L-428
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	medium -
	RE vs E
	L-540
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	weak -
	C vs E
	L-540
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	weak -
	RE vs E
	L-428
	DNA, Proteins, Lipids/Phospholipids (1082–1104)
	[3–5, 7, 9, 11, 12, 14, 15]

	weak +
	RE vs R
	L-540
	Lipids, Proteins (1136–1139)
	[7]

	medium +
	RE vs E
	L-540
	Lipids, Proteins (1136–1139)
	[7]

	medium +
	C vs E
	L-540
	Lipids, Proteins (1136–1139)
	[7]

	medium -
	RE vs E
	L-540
	Glycogen (1147–1148)
	[6]

	weak +
	E vs R
	L-540
	Glycogen (1147–1148)
	[6]

	medium -
	RE vs R
	L-428
	Glycogen (1147–1148)
	[6]

	weak -
	RE vs E
	L-428
	Proteins, Glycogen (1149–1154)
	[3–6, 14]

	medium -
	C vs R
	L-428
	Proteins, Glycogen (1149–1154)
	[3–6, 14]

	weak -
	C vs E
	L-428
	Proteins, Glycogen (1149–1154)
	[3–6, 14]

	weak -
	E vs R
	L-540
	Amino Acids (1165)
	[6]

	medium +
	E vs R
	L-428
	Lipids, Amino Acids (1168)
	[5, 6, 12]

	weak -
	RE vs C
	L-428
	Tyrosine (1173)
	[3, 5, 6, 9, 12]

	medium -
	E vs R
	L-428
	DNA, Tyrosine (1176)
	[5, 6, 9, 12, 14]

	medium +
	RE vs C
	L-428
	DNA (1189)
	[4, 5, 8, 20, 21]

	medium +
	RE vs E
	L-540
	Amino Acids, DNA (1209)
	[4–7, 12]

	weak +
	C vs E
	L-428
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium -
	RE vs E
	L-540
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium -
	RE vs C
	L-428
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium -
	C vs R
	L-540
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium -
	C vs E
	L-540
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium +
	RE vs C
	L-428
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]



Cont. Table S 5: Band assignment of the LogL1 coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature.
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	weak +
	RE vs E
	L-428
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	weak +
	E vs R
	L-540
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	weak +
	C vs R
	L-428
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	weak -
	E vs R
	L-540
	Amide III (Proteins), Phenylalanine, Tryptophan (1219–1255)
	[5–7, 10, 12, 14, 15, 19]

	medium +
	E vs R
	L-428
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	weak -
	RE vs C
	L-428
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	medium +
	C vs R
	L-540
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	strong +
	C vs E
	L-540
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	strong -
	RE vs C
	L-540
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	medium -
	E vs R
	L-428
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	strong -
	RE vs R
	L-540
	Amide III (Proteins, Lipids) (1260–1269)
	[5–7, 11, 12, 14]

	strong -
	RE vs E
	L-540
	Amide III (Proteins, Phospholipids) (1270)
	[3, 6, 9, 12]

	medium +
	RE vs E
	L-540
	Amide III (Proteins) (1280)
	[6, 15]

	weak +
	RE vs C
	L-428
	Lipids, Cytosine (1291)
	[6, 12, 14]

	weak +
	RE vs E
	L-428
	Lipids, Cytosine (1291)
	[6, 12, 14]

	medium +
	E vs R
	L-540
	Lipids, Collagen (1304)
	[5, 6, 10, 12, 14]

	weak -
	E vs R
	L-540
	Lipids, Collagen, Cytochrome C (1309–1313)
	[5, 10, 12, 17]

	weak +
	RE vs R
	L-540
	Lipids, Collagen, Cytochrome C (1309–1313)
	[5, 10, 12, 17]

	medium -
	E vs R
	L-428
	DNA, Lipids, Proteins (1322)
	[3, 6, 11, 12]

	strong +
	E vs R
	L-428
	DNA, Lipids, Proteins, Collagen (1337–1341)
	[3, 5, 6, 10–12, 19]

	medium -
	RE vs C
	L-428
	DNA, Lipids, Proteins, Collagen (1337–1341)
	[3, 5, 6, 10–12, 19]

	medium +
	RE vs C
	L-428
	DNA, Lipids, Proteins (1364–1369)
	[5, 6, 19]

	weak +
	RE vs E
	L-428
	DNA, Lipids, Proteins (1364–1369)
	[5, 6, 19]

	medium +
	RE vs R
	L-428
	DNA, Lipids, Proteins (1364–1369)
	[5, 6, 19]

	weak -
	RE vs E
	L-540
	CH3 Bending Vibration (1385–1397)
	[5, 6, 15]

	medium +
	RE vs E
	L-540
	CH/CH2 Vibrations (1385–1397)
	[6]

	strong -
	E vs R
	L-428
	CH/CH2 Vibrations (1385–1397)
	[6]

	weak -
	C vs R
	L-540
	Proteins, Triglyceride, IgG? (1406–1411)
	[3, 6]

	weak +
	E vs R
	L-428
	Proteins, Triglyceride, IgG? (1406–1411)
	[3, 6]

	medium -
	C vs R
	L-428
	Proteins, Triglyceride, IgG? (1406–1411)
	[3, 6]

	weak +
	RE vs C
	L-428
	Proteins, Triglyceride, IgG? (1406–1411)
	[3, 6]

	medium -
	E vs R
	L-540
	0 (1412)
	-

	medium -
	RE vs E
	L-540
	Adenine, Guanine, Deoxyribose? (1429)
	[6, 14]

	medium -
	RE vs R
	L-540
	Adenine, Guanine, Deoxyribose? (1429)
	[6, 14]

	weak +
	RE vs E
	L-428
	Lipids (1435)
	[3, 5, 6]

	medium +
	RE vs E
	L-540
	Carbohydrates, Lipids, Proteins (1441–1449)
	[5–7, 9, 12, 19]

	medium -
	E vs R
	L-428
	Carbohydrates, Lipids, Proteins (1441–1449)

	[3–5, 9, 12, 14]

	weak +
	RE vs R
	L-540
	Carbohydrates, Lipids, Proteins, Collagen (1462)
	[5, 6, 8, 20, 22]



Cont. Table S 5: Band assignment of the LogL1 coefficients. Intensity: Signals were grouped into very weak (< 0.05), weak (0.05–0.10), medium (0.10–0.30), strong (0.30–0.80), and very strong (> 0.80), with separate indication of positive and negative values. Comp.: Comparison: binary comparison of C(ontrol), E(toposide), R(esveratrol) and combined (RE) treatment. Band Assignment based on literature.
	Intensity
	Comp.
	Cell line
	Band Assignment (cm-1)
	Literature

	medium +
	RE vs C
	L-428
	Carbohydrates, Lipids/Collagen, Proteins (1462)
	[3, 6, 8, 9, 14, 20, 22]

	weak -
	C vs E
	L-540
	Serine, Proteins (1472)
	[15, 18]

	weak -
	RE vs E
	L-428
	Carbohydrates, Lipids/Collagen, Proteins, DNA (1484–1487)
	[5, 6, 8, 20, 22]

	medium +
	RE vs E
	L-540
	Carbohydrates, Lipids/Collagen, Proteins, DNA (1484–1487)
	[3, 6, 8, 9, 14, 20, 22]

	strong +
	E vs R
	L-428
	(1495)
	-

	strong -
	RE vs E
	L-540
	(1497)
	-

	strong +
	E vs R
	L-540
	(1497)
	-

	weak -
	RE vs R
	L-540
	Proteins (1502)
	[3]

	medium -
	E vs R
	L-540
	DNA (1509–1511)
	[6]

	medium -
	E vs R
	L-428
	DNA (1509–1511)
	[6]

	weak +
	RE vs E
	L-428
	DNA (1509–1511)
	[6]

	weak +
	RE vs C
	L-428
	(1528)
	-

	weak -
	RE vs E
	L-428
	(1540)
	-

	strong +
	E vs R
	L-428
	(1540)
	-

	medium +
	C vs E
	L-540
	Amide II (Protein), Tryptophan (1547)
	[5, 6, 19]

	weak -
	RE vs E
	L-540
	Tryptophan (1552–1553)
	[5, 6, 13, 19]

	medium -
	E vs R
	L-428
	Tryptophan (1552–1553)
	[5, 6, 13, 19]

	medium +
	RE vs E
	L-540
	Tryptophan, DNA (1565)
	[3, 6]

	medium -
	RE vs C
	L-428
	Lipids, DNA (1575)
	[5, 6, 10, 12, 14]

	medium +
	E vs R
	L-428
	Phenylalanine, Amide I (Proteins) (1601–1611)
	[4, 6, 11, 12]

	weak -
	E vs R
	L-428
	Amino Acids, Amide I (Proteins) (1601–1611)
	[4, 6, 11, 12, 14]

	strong -
	RE vs E
	L-540
	Tyrosine, Tryptophan, C=C; Proteins, Lipids/Collagen (1636–1637)
	[5, 6, 10]

	medium -
	RE vs R
	L-540
	Amide I (Protein, Collagen) (1636–1637)
	[5, 6]

	weak -
	RE vs R
	L-428
	Amide I (Protein, Collagen) (1636–1637)
	[5, 6]

	medium +
	RE vs R
	L-540
	Amide I (Protein) (1641–1646)
	[5, 6, 12]

	medium -
	E vs R
	L-540
	Amide I (Protein) (1641–1646)
	[5, 6, 12]

	strong +
	RE vs E
	L-540
	Amide I (Protein) (1641–1646)
	[5, 6, 12]

	weak +
	C vs E
	L-540
	Amide I (Protein) (1641–1646)
	[5, 6, 12]

	weak -
	RE vs C
	L-428
	Amide I (Protein) (1641–1646)
	[5, 6, 12]

	medium +
	E vs R
	L-540
	Amide I (Protein) (1641–1646)
	[5, 6, 10, 12]
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Table S 6: Gene annotation, pathway and protein function of proteins investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	ACIN1
	Apoptosis
	Apoptotic chromatin condensation inducer 1, activated by CASP3, in all conditions not differentially expressed, with no significance.
	[23, 24]

	AIFM1
	Apoptosis
	Apoptosis-inducing factor, mitochondrion-associated 1, OxPhos, upstream activator of CASP3
	[25, 26]

	APEX1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Apurinic/apyrimidinic endonuclease, in base excision repair (BER) by cleaving damaged DNA, such as oxidative or alkylation damage.
	[27, 28]

	API5
	Apoptosis
	Apoptosis Inhibitor 5, a key regulator in cell death and has functions related to cancer development, in all conditions not differentially expressed, but significant.
	[29]

	ARMT1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Acidic residue methyltransferase, possible coupling with p53 and decision point between repair or apoptosis in replication stress.
	[30]

	BAG6
	Protein Misfolding, ER-Stress and Proteostasis
	Multifunctional protein that acts as a chaperone, plays key roles in protein quality control, degradation, and biogenesis, in most conditions not differentially expressed, with no significance.
	[31]

	BANF1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Barrier-to-Autointegration Factor 1 supports nuclear envelope (NE) reassembly after mitosis
	[32]

	BCCIP
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	BCCIP is a BRCA2-interacting protein involved in homologous recombination repair, p21 (CDKN1A)-mediated cell cycle control, and DNA replication fidelity. It coordinates p53/p21 signaling to arrest the cell cycle under genotoxic stress.
	[33]

	BCLAF1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Nuclear transcriptional regulator BCLAF1 cooperates with p53/p21 and NF-κB to repress or activate stress-response genes, behaves nuclear transcriptional regulator largely pro-apoptotic under genotoxic stress, in all conditions not differentially expressed.
	[34]





Cont. Table S 6: Gene annotation, pathway and protein function of proteins   investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	CASP3
	Apoptosis
	The executioner caspase in apoptosis. It cleaves key structural and repair proteins (PARP1, AIFM1, ACIN1, BANF1) and enforces the irreversible dismantling of nuclear and cytoskeletal architecture.
	[35–37]

	CCAR1
	Apoptosis
	Cell Cycle and Apoptosis Regulator 1 (CCAR1), a p53 co-activator with pro-apoptotic and pro-checkpoint functions under genotoxic stress, was only upregulated by RE in L-540, while in all other conditions it was not differentially expressed (p-values 0.00 – 0.05).
	[38]

	CCAR2
	Apoptosis
	Cell Cycle and Apoptosis Regulator 2, direct inhibitor of SIRT1, the NAD⁺-dependent deacetylase that suppresses p53, in all conditions not differentially expressed (p-values 0.00 – 0.06).
	[38]

	CD63
	Immune Modulation & Surface Remodeling
	CD63 translocate to the plasma membrane, making it a widely used marker for basophil activation.
	[39]

	CD70
	Immune Modulation & Surface Remodeling
	CD70 acts as a costimulatory molecule and plays an important role in the regulation of the immune system activation.
	[40]

	CDC37
	Protein Misfolding, ER-Stress and Proteostasis
	Co-chaperone of HSP90, guiding proper folding and stability of protein kinases and signaling intermediates.
	[41]

	CDC42
	Protein Misfolding, ER-Stress and Proteostasis
	Signal switch controlling actin, morphology, and motility, p53 can repress CDC42, overactive CDC42 promotes survival and invasion, in all conditions not differentially expressed (in L-540 cells p-values 0.00 – 0.07).
	 [42, 43]

	CYC1
	Mitochondrial Dysfunction and Energy Collapse
	Heme-containing component of mitochondrial complex III, changes in CYC1 expression are often a proxy for how the cytochrome c pool and electron-transport capacity behave during stress, slightly elevated under RE (+0,59) in L-540 cryo, in all other conditions not differentially expressed (p-values 0.00).
	[44]

	DDB1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	p53-dependent DNA-damage binding protein, in all conditions not differentially expressed (p-values 0.00 – 0.06).
	[45]

	DLST
	Mitochondrial Dysfunction and Energy Collapse
	Component of the rate-limiting TCA enzyme 2-oxoglutarate dehydrogenase
	[46]



Cont. Table S 6: Gene annotation, pathway and protein function of proteins   investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	EEF1E1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Eukaryotic translation elongation factor 1 epsilon 1, under RE slightly differentially expressed in L-428 (RE +0,59), but in all other conditions not differentially expressed (p-values 0.00 – 0.05).
	[43]

	EPS15L1
	Apoptosis
	Membrane-associated adaptor protein that participates in clathrin-mediated endocytosis - vesicle-regulatory aspect, in all conditions not differentially expressed, with no significance.
	[47]

	FEN1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	The endonuclease FEN1, essential for Okazaki-fragment processing and base-excision repair (BER), in all conditions not differentially expressed (p-values 0.01 – 0.08), expression at baseline, coinciding with the activation of APEX1 and BCCIP and the downregulation of CASP3. 
	[48]

	GAR1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	A core component of the H/ACA small nucleolar ribonucleoprotein (snoRNP) complex, under stress, reduced GAR1 indicates suppressed ribosome production, nucleolar stress, and activation of p53-dependent checkpoints, in all conditions not differentially expressed (p-values 0.00 – 0.04). 
	[49]

	GRB2
	Metabolic and Stress Signaling Regulation
	A small adaptor protein that links activated receptor tyrosine kinases (RTKs) (e.g., EGFR, FGFR, MET) to downstream pathways, notably RAS–RAF–MEK–ERK and PI3K–AKT. It connects extracellular survival signals to mitogenic and anti-apoptotic responses.
	[50]

	HDGF
	Immune Modulation & Surface Remodeling
	Hepatoma-Derived Growth Factor: primarily as a nuclear transcriptional regulator and mitogenic factor, promoting cell proliferation, angiogenesis, and survival, is often overexpressed in tumors, where it correlates with poor prognosis, enhanced proliferation, and therapy resistance.
	[51]





Cont. Table S 6: Gene annotation, pathway and protein function of proteins   investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	HK1 /HK2
	Metabolic and Stress Signaling Regulation
	Hexokinase 1 is constitutively expressed (“housekeeping” enzyme) and anchored tightly to the outer mitochondrial membrane via VDAC. It ensures basal glucose metabolism and directly couples glycolytic flux to mitochondrial ATP production. Hexokinase 2 is typically up-regulated by growth factors, hypoxia, or oncogenic signals (PI3K/AKT/mTOR). It localizes both in the cytosol and at mitochondria, where it can bind to VDAC and inhibit cytochrome c release, thus adding an anti-apoptotic function.
The two hexokinase isoforms, HK1 and HK2, cooperate to regulate glycolytic flux and mitochondrial integrity during stressHK2 isoform exchange links to the down-regulation of TCA and OXPHOS enzymes (SDHA/B, CYC1) and to VDAC remodeling, reflecting p53-mediated control of mitochondrial permeability. Together, HK1 and HK2 act as reciprocal sensors of metabolic stress, integrating p53 signaling with the decision between metabolic adaptation and mitochondrial apoptosis. HK2 was not differentially expressed (p-values 0.00 – 0.03).
	[52]

	KCNAB2
	Metabolic and Stress Signaling Regulation
	Mitochondrial signaling: Potassium voltage-gated channel subfamily. A regulatory beta subunit 2 KCNAB2 integrates ion homeostasis with metabolic and apoptotic signaling - it showed biologically relevant regulation only in comparison to resveratrol monotherapy, while all other contrasts remained below the effect threshold. 
	[53]

	LGALS1
	Apoptosis, Immune Modulation & Surface Remodeling
	Metabolic stress: Galectin1 & Galectin3 are highly informative because they bridge metabolic stress, apoptosis, and immune modulation.
	[54]

	LGALS3
	Apoptosis, Immune Modulation & Surface Remodeling
	
	[55, 56]

	MANF
	Protein Misfolding, ER-Stress and Proteostasis
	Mesencephalic Astrocyte-Derived Neurotrophic Factor, is part of the unfolded protein response (UPR) machinery that protects cells from ER stress.
	[57]

	MYDGF
	Protein Misfolding, ER-Stress and Proteostasis
	Myeloid-derived growth factor (MYDGF) is a novel secreted protein with potent anti-apoptotic and tissue repairing properties, promotes tissue repair, cell survival, and anti-apoptotic signaling, especially under ischemic or oxidative stress, remaining in all conditions not differentially expressed (p-values 0.00 – 0.04).
	[58]
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	Gene
	Pathway
	Protein Function
	Literature

	NENF
	Mitochondrial Dysfunction and Energy Collapse
	Neudesin Neurotrophic Factor, NENF. In non-neuronal cells, NENF participates in adipogenesis, ER–mitochondrial signaling, and cell proliferation control via PI3K/AKT and MAPK pathway.
	[59]

	NFKB1
	Metabolic and Stress Signaling Regulation
	NF-κB p50 subunit is a transcription factor controlling genes for inflammation, stress response, survival, and immune modulation. In all conditions not differentially expressed (p-values 0.00 – 0.10).
	[58]

	NUDC
	Protein Misfolding, ER-Stress and Proteostasis
	Secondary responder within the protein-misfolding and ER-stress network, p53 dependent, cytoskeletal and ER-stress linked factor.
	[60–62]

	NUDT5
	Metabolic & Stress Signaling Regulation
	Nudix Hydrolase 5 is a key metabolic and stress-response enzyme.
	 [63, 64]

	NUP214
	Metabolic & Stress Signaling Regulation
	Binding partner of CRM1/exportin-1 and plays a role in p53 nuclear export, p21 localization, and overall checkpoint adaptation after DNA damage. When NUP214 is altered, nuclear signaling (including p53/p21 transport) becomes dysregulated.
	 [65]

	OGDH
	Mitochondrial Dysfunction and Energy Collapse
	2-oxoglutarate dehydrogenase, the major rate-limiting point in the TCA cycle.
	 [66]

	OGFR
	Metabolic & Stress Signaling Regulation
	Opioid growth factor receptor, Zinc finger protein 2, regulates cell proliferation by up-regulating p21 (CDKN1A) and p16, leading to cell-cycle arrest in G1 phase.
	 [63, 67]

	OXCT1
	Mitochondrial Dysfunction and Energy Collapse
	3-oxoacid CoA-transferase 1 (OXCT1) is an enzyme that in humans is encoded by the OXCT1 gene. It is also known as succinyl-CoA-3-oxaloacid CoA transferase: slightly elevated in R treated L-540l iv cells (p-values 0.00 - 0.09).
	 [68]

	PARP1
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	Poly ADP Ribose Polymerase1, PARP1, detects DNA strand breaks and uses NAD⁺ to synthesize poly-(ADP-ribose) chains on repair proteins, during apoptosis. PARP1 is cleaved by caspase-3, halting DNA repair and marking the irreversible transition from damage response to execution.
	 [69, 70]

	PCYT1A
	Protein Misfolding, ER-Stress and Proteostasis
	Phosphatidylcholine Cytidylyl Transferase A catalyzes the rate-limiting step of the CDP-choline (Kennedy) pathway, which produces phosphatidylcholine (PC), the main phospholipid of cell and mitochondrial membranes.
	[71] 
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	Gene
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	PDCD4
	Apoptosis, Immune signaling modulation
	Tumor suppressor and translation repressor, can promote apoptosis through p53-independent routes, often downstream of NF-κB or TGF-β signaling. Did not show any differential expression (p-values 0.00 – 0.01).
	 [72]

	PDCD5
	Apoptosis
	Pro-apoptotic cofactor that translocates from the cytoplasm to the nucleus early during apoptosis, interacts directly with p53, Tip60 (acetyltransferase), and AIFM1, an amplifier of the p53–caspase–AIFM1 signaling axis.
	[73, 74]

	PDCD6
	Protein Misfolding, ER-Stress and Proteostasis
	Calcium sensors play a key role in processes such as endoplasmic reticulum (ER)-Golgi vesicular transport, endosomal biogenesis or membrane repair.
	[75, 76]

	PDCD6IP
	Protein Misfolding, ER-Stress and Proteostasis
	Programmed Cell Death 6 Interacting Protein, multifunctional scaffold protein that binds PDCD6.
	[77]

	PRCP
	Apoptosis
	Prolyl-Carboxypeptidase. In tumor or stress contexts, decreased PRCP often corresponds to oxidative load accumulation and impaired peptide turnover.
The lysosomal serine exopeptidase PRCP (Prolyl-Carboxypeptidase) modulates peptide turnover and oxidative-stress signaling by degrading angiotensin-II and related substrates.
	[78]

	PURA
	Metabolic & Stress Signaling Regulation
	Purine-rich element-binding protein A, PURA, is a subtle but strategically important regulatory protein with strong mechanistic implications for DNA replication, transcription control, and stress response. In all conditions not differentially expressed (p-values 0.00 – 0.01).
	[79]

	RBM4
	Metabolic & Stress Signaling Regulation
	RNA Binding Motif Protein 4, a splicing regulator and RNA-binding protein that coordinates alternative splicing, mRNA translation, and cellular stress responses.
	[80]

	SDHA/B
	Mitochondrial Dysfunction and Energy Collapse
	Succinate dehydrogenase A/B, TCA cycle members
	[81]

	SERPINB6
	Protein Misfolding, ER-Stress and Proteostasis
	Cytosolic serpin, protects cells from protease-mediated damage, stabilizes proteases during oxidative or inflammatory stress.
	[82]





Cont. Table S 6: Gene annotation, pathway and protein function of proteins   investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	SLC4A7
	Mitochondrial Dysfunction and Energy Collapse
Metabolic & Stress Signaling Regulation
	Solute Carrier Family 4 Member 7, SLC4A7, is a membrane transporter that plays an important part in how cells handle pH balance, ion exchange, and energy metabolism.
	[83, 84]

	SMARCC2
	DNA Damage, Chromatin Remodeling and Nuclear-Envelope Stress
	SMARCC2 is a core component of the SWI/SNF chromatin remodeling complex (BAF complex). BAF170, the SWI/SNF complex uses ATP hydrolysis to reposition nucleosomes, enabling or restricting access of transcription factors to DNA. In both cell models not differentially expressed (p-values 0.00 – 0.07).
	[72]

	SOD2
	Mitochondrial Dysfunction and Energy Collapse
	Mitochondrial Superoxide Dismutase Mn-SOD
	[85, 86]

	ST13
	Protein Misfolding, ER-Stress and Proteostasis
	An adaptor protein that interacts with heat shock proteins HSP70 and HSP90, acting as a co-chaperone to help them in protein folding and assembly processes. Significantly unchanged in all treatments.
	[87]

	STAT1
	Metabolic & Stress Signaling Regulation
	Transducers and Activators of Transcription (STAT1–STAT6), cytoplasmic transcription factors that, once phosphorylated, dimerize and enter the nucleus to regulate gene expression, form a rapid signaling cascade that transduces extracellular cues (cytokines, growth factors, hormones) directly into transcriptional responses.
	 [88, 89]

	STAT3
	Metabolic & Stress Signaling Regulation
	
	 [90]

	STAT5A
	Metabolic & Stress Signaling Regulation
	
	 [91]

	STAT6
	Metabolic & Stress Signaling Regulation
	
	 [92]

	SUCLG1/2
	Mitochondrial Dysfunction and Energy Collapse
	The TCA cycle enzymes SUCLG1 and SUCLG2, which form the heterodimeric succinyl-CoA synthetase complex catalyzing substrate-level phosphorylation: Succinyl-CoA Synthetase Subunit Alpha, SUCLG1, and Succinyl-CoA Synthetase Subunit Beta, SUCLG2, are core mitochondrial enzymes in the TCA cycle, pattern of oxidative phosphorylation and energy-suppression.
	 [93]



Cont. Table S 6: Gene annotation, pathway and protein function of proteins   investigated in proteomics with references. Differential expressed proteins are defined with |log2FC| > 0.58 of binary comparisons; significant with adj.P < 0.10.
	Gene
	Pathway
	Protein Function
	Literature

	TNFAIP8
	Apoptosis,
	Tumor Necrosis Factor Alpha–Induced Protein 8, is a cytoplasmic anti-apoptotic protein induced by TNF-α and NF-κB.
	[94]

	TNFRSF8
	Apoptosis, Immune Modulation & Surface Remodeling
	Tumor Necrosis Factor Receptor Superfamily Member 8, CD30, is a membrane receptor of the TNF receptor superfamily, mainly expressed in Hodgkin/Reed–Sternberg cells. It can activate NF-κB, JNK, and PI3K/AKT pathways.
	[95]

	VDAC1
	Mitochondrial Dysfunction and Energy Collapse
	Voltage-Dependent Anion Channel, VDAC family: VDAC1 is the major mitochondrial outer membrane pore, regulating exchange of ATP, ADP, metabolites, and ions between mitochondria and cytoplasm. It also serves as a gateway for cytochrome c release during apoptosis. VDAC2 binds and restrains BAK and BAX (pro-apoptotic factors), delaying mitochondrial outer membrane permeabilization (MOMP). VDAC3 is involved in mitochondrial redox balance, in somatic cells it regulates ROS signaling and protein import.
	[96–98]

	VDAC2
	Mitochondrial Dysfunction and Energy Collapse
	
	[99]

	VDAC3
	Mitochondrial Dysfunction and Energy Collapse
	
	[99]




Detailed results of the proteomics data can be found on GitHub. https://github.com/davidlilek/ABC_ANAKON_2025/tree/master/proteomics 

[bookmark: _Toc223349678]Manufacturer overview 
The devices and substances used in this study are listed in Tab. S7-9 sorted by experiments.
Table S 7: Devices and substances used for cell culture including specifications.
	Cell culture 
	Manufacturer 
	Specifications 

	Devices 

	Cell culture incubator 
	Heraeus 
	BBD6220 

	Centrifuge 
	Eppendorf 
	5415 D, 5415 R 

	Centrifuge 
	Rotina 
	380 R 

	Filter tips 
	Sigma-Aldrich 
	Low Retention 1-200 µL, 1-1000 µL 

	Hemocytometer 
	Optik Labor 
	0.1 mm depth,  
0.0025 mm2 

	Inverted microscope 
	Olympus 
	CKX41 

	Lamina airflow 
	Thermo Scientific 
	MSC-Advantage 

	Light microscope 
	VWR 
	630-1559 

	Tissue culture flaks Standard 
	Sarstedt 
	T25 Art.-No: 83.3910.002 

	Substances 

	Etoposide 
	Merck 
	≥97 %, Art.-No. 341205 

	RPMI-1640 cell culture medium  
	Sigma Aldrich 
	Sterile, Art.-No. R8758 

	Fetal Calf Serum (FCS) 
	Sigma Aldrich 
	Sterile, Art.-No. F-7524 

	HL cell line L-428 
	DSMZ 
	ACC 197, Lot 19 

	HL cell line L-540 
	DSMZ 
	ACC 72, Lot 15 

	Paraformaldehyde 
	Roth 
	Art.-No:0335.1 

	Penicillin/Streptomycin 
	Sigma Aldrich 
	Sterile, Art.-No. P-4333 

	Phosphate buffered saline buffer (DPBS) 
	Sigma Aldrich 
	Art.-No: D8537 

	Resveratrol 
	Sigma-Aldrich 
	≥99 %, Art.-No. R-5010 

	Sodium Pyruvat solution 
	Sigma-Aldrich 
	Sterile; Art.-No. S8636 

	Trypan blue 
	Fluka 
	Art.-No: 93590 

	Trypsin/EDTA 
	Sigma-Aldrich 
	Art.-No: T2610 


 
 


Table S 8: Devices and substances used for proteomics experiments including specifications.
	Proteomics 
	Manufacturer 
	Specifications 

	Devices 

	Filter Tips 
	Biozym 
	SurPhob, Low Binding, sterile (20µL, 200µL) 

	Microcon Centrifugal Filters 
	Merck Millipore Ltd. 
	Regenerated Cellulose, 10000 NMWL, Art.-No.  2018-15386 

	Nanodrop 1000 
	PeqLab 
	G722 

	Microplate Reader 
	Tecan 
	Infinite M Plex, 1811003729 

	Protein LowBind Tube 
	Eppendorf 
	0.5 mL, Art.-No:0030108434; 1.5 mL, Art.-No.  0030108.116 

	Thermomixer comfort 
	Eppendorf 
	5355-04279, Cyro  

	Ultrasonic bath 
	Bandelin Sonorex 
	RK510 

	ZipTips 
	Merck 
	C18, P10  
Art.-No: ZTC18S096 

	Substances 

	Acetonitrile (HPLC grade) 
	Sigma-Aldrich 
	≥99.9 %, Art.-No. 34851 

	Albumin Standard (bovine Serum Albumin (BSA)) 
	Thermo Scientific 
	2.0 mg/mL, Art.-No. 23209 

	DL-Dithiothreitol (DTT) 
	Sigma-Aldrich 
	≥99 %, Art.-No. D55455G 

	Formic acid (LC/MS grade) (FA) 
	Fisher chemical 
	≥99 %, Art.-No. A117-50 

	HaltTM Protease & Phosphatase Inhibitor Cocktail 
	Thermofisher 
	Art.-No: 78440 

	Iodoacetamide (IAA) 
	Sigma-Aldrich 
	Art.-No. I1149-5G 

	PierceTM BCA Protein Assay Kit 
	Thermo Scientific 
	Art.-No: 23225 

	Pierce™ HeLa Protein Digest Standard, 20µg (quality sample) 
	Thermo Scientific 
	20µg, Art.-No. 88328, Lot-No. XB343437 

	Triethylammonium  Bicarbonate (TEAB) 
	Thermo Scientific 
	1 M, 50 mL,  
Art.-No.  90114 

	Trifluoroacetic acid (TFA) 
	Merck 
	25 %, 
Art.-No.  CK1701051874 

	Trypsin / Lys-C Mix 
	Promega 
	Art.-No. V5073 

	Water HPLC Plus  
	Sigma-Aldrich 
	Art.-No: 7732-18-5 





Table S 9: Devices and substances used for SERS experiments including specifications. 
	SERS 
	Manufacturer 
	Specifications 

	Devices 

	Calcium fluoride slides (CaF2) 
	Crystran unlimited  
	76 x 26 x 1 x mm 

	Microspatula Teflon coat 
	VWR 
	185 x 5 mm  
Art.-No: 2312224 

	Senterra I Confocal Raman Microscope (Raman) 
	Bruker 
	532 nm (0.2-20 mW),  785 nm (1-100 mW);   20x, 50x, Olympus; CCD 

	Substances 

	Gold (III) chloride trihydrate 
	Sigma-Aldrich 
	Art.-No: 16961-25-4 

	D-Sucrose  
	Fluka 
	> 99.5 %, Art.-No. 84099 

	L-Ascorbic acid 
	Roth 
	≥ 99 %, Art.-No. 6288.1 

	Water HPLC Plus  
	Sigma-Aldrich 
	Art.-No: 7732-18-5 
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