SUPPLEMENTARY MATERIALS

Table S4. Metabolites of aminoacyl-tRNA biosynthesis process, the content of which significantly differed between blood plasma samples of COVID-19 patients and the controls. 
	Metabolite
	KEGG Id
	logFC
	Benjamini-Yekutieli test

	L-Asparagine
	C00152
	-1.61
	6,6E-10

	L-Phenylalanine
	C00079
	0.38
	1,2E-05

	L-Arginine
	C00062
	1.52
	3E-05

	L-Aspartic acid
	C00049
	2.02
	2,7E-11

	L-Serine
	C00065
	1.83
	4,828E-23

	L-Methionine
	C00073
	-0.59
	5,2E-04

	L-Valine
	C00183
	0.19
	2,6E-02

	L-Alanine
	C00041
	0.8
	8E-11

	L-Lysine
	C00047
	0,5
	3,7E-04

	L-Leucine
	C00123
	-0.59
	3,2E-11

	L-Threonine
	C00188
	1.24
	1,3E-17

	L-Tyrosine
	C00082
	-1.02
	1,06E-16

	L-Proline
	C00148
	0.5
	1,8E-04

	L-Glutamic acid
	C00025
	1.73
	5,3E-13




Table S5. Proteins of aminoacyl-tRNA biosynthesis process, which are the potential targets of viral proteins according to the reconstruction of P2 and P7 types of signaling pathways. 
	EC number
	Mitochondrial
	Virus regulation
	Cytoplasmic
	Virus regulation

	
	Gene
	Protein
	Template P2
	Template P7
	Gene
	Protein
	Template P2
	Template P7

	6.1.1.22
	
	SYNM
	-
	+
	
	SYNC
	+
	-

	6.1.1.20
	
	-
	-
	-
	
	SYFA, SYFB
	+
	+

	6.1.1.19
	
	SYRM
	+
	+
	
	SYRC
	+
	+

	6.1.1.12
	
	SYDM
	+
	-
	
	SYDC
	+
	-

	6.1.1.11
	
	SYSM
	-
	+
	
	-
	-
	-

	2.1.2.9/6.1.1.10
	
	FMT
	+
	+
	
	SYMC
	+
	+

	6.1.1.9
	
	SYVM
	+
	+
	
	-
	-
	-

	6.1.1.7
	
	SYAM
	+
	+
	
	SYAC
	+
	+

	6.1.1.4
	
	SYLM
	+
	+
	
	SYLC
	+
	+

	6.1.1.5
	
	SYIM
	+
	+
	
	-
	-
	-

	6.1.1.3
	
	-
	-
	-
	
	SYTC, SYTC2
	+
	+

	6.1.1.17
	
	-
	-
	-
	
	SYEP
	+
	+

	6.3.5.7/6.1.1.17
	
	GATA

	+
	-
	
	SYEP
	+
	+



Tab. S6. Metabolites of KEGG process of glycine, serine and threonine metabolism, which were significantly differing in content between the COVID-19 patient and the control plasma samples.
	metabolite
	logFC
	Benjamini-Yekutieli test

	L-Serine
	1,83
	4,82E-23

	Choline
	1,36
	1,42E-19

	Betaine
	0,33
	0,00084

	Guanidoacetic acid
Guanidinoacetic acid
	0,58
	2,0E-02

	Dimethylglycine
	0,9
	6,24E-15

	L-Cystathionine
	2,97
	1,86E-27

	Sarcosine
	0,82
	4,3E-10

	L-Threonine
	1,24
	1,29E-17

	Glyceric acid
	-0,67
	4,6E-06

	Creatine
	0,86
	8,2E-03






Table S7. Genes involved in metabolic process of glycine, serine and threonine metabolism, the expression of which can be potentially regulated by viral proteins according to the reconstruction of P5 signaling pathways.
	Genes symbol
	Proteins
	EC
	FDR
	LogFC

	ALDH7A1
	AL7A1
	1.2.1.8
	1,2e-07
	-0,85

	MAOA
	AOFA
	1.4.3.4
	0,01
	-0,2

	MAOB
	AOFB
	1.4.3.4
	-
	-

	CBS
	CBS
	4.2.1.22
	0.02
	0.38

	CBSL
	CBSL
	4.2.1.22
	0.09
	0.43

	GLDC
	GCSP
	1.4.4.2
	0,11
	0,24

	PGAM1
	PGAM1
	5.4.2.11
	0.047
	-0,42

	PGAM4
	PGAM4
	5.4.2.11
	-
	-

	PHGDH
	SERA
	1.1.1.95
	0,0033
	-0,48

	PSPH
	SERB
	3.1.3.3
	0,0027
	-0,47




Tab. S8. Metabolites of KEGG process of arginine biosynthesis, which were significantly differing in content between the COVID-19 patient and the control plasma samples.
	Metabolite
	KEGG Id
	logFC
	Benjamini-Yekutieli test

	L-Glutamic acid
	C00025
	1,73
	5,39E-13

	L-Arginine
	C00062
	1,52
	3,01E-05

	L-Aspartic acid
	C00049
	2,02
	2,71E-11

	Ornithine
	C00077
	-1,98
	4,01E-03

	N-Acetylglutamic acid
	C00624
	1,62
	4,22E-13

	Urea
	C00086
	0,39
	4,41E-03





Table S9. Genes involved in the metabolic process of arginine biosynthesis, the expression of which can be potentially regulated by viral proteins according to the reconstruction of signaling pathways.
	Genes simbol
	Proteins
	EC
	FDR
	LogFC
	Expression regulation (templates P4, P5)
	Activity/stability regulation (P6 template)
	Protein-protein interactions (templates P2, P7)

	NOS3
	NOS3
	1.14.13.39
	4,3E-06
	1,47
	+
	+
	+

	ASS1
	ASSY
	6.3.4.5
	0,026
	1,39
	+
	+
	+

	ARG2
	ARGI2
	3.5.3.1
	4,03E-05
	1,22
	+
	
	

	GLS
	GLSK
	3.5.1.2
	5,5E-06
	0.52
	+
	+
	+

	GLUD2
	DHE4
	1.4.1.3
	0.31
	-0.1
	
	
	+

	GLUD1
	DHE3
	1.4.1.3
	0.0003
	-0.27
	
	+
	+

	ASL
	ARLY
	4.3.2.1
	0.0003
	-0.62
	
	
	+

	ACY1
	ACY1
	3.5.1.14
	0.0027
	-0.57
	
	
	+

	GLUL
	GLNA
	6.3.1.2
	0.0017
	-0.24
	+
	
	+

	NAGS
	NAGS
	2.3.1.1
	0.044
	-0.53
	
	
	+

	NOS2
	NOS2
	1.14.13.39
	-
	-
	+
	+
	+

	NOS1
	NOS1
	1.14.13.39
	-
	-
	+
	+
	+

	GLS2
	GLSL
	3.5.1.2
	0.74
	-0.06
	+
	
	+

	ARG1
	ARGI1
	3.5.3.1
	0.19
	0.47
	+
	+
	



Tab. S11. Potential contribution of viral proteins to the regulation of metabolic processes, as revealed by gene network reconstruction.

	SARS-CoV-2 proteins
	Aminoacyl-tRNA biosynthesis
	Glycine, serine and threonine metabolism
	Arginine biosynthesis
	Melavonate pathway

	E
	+
	+
	+
	+

	N
	+
	+
	+
	+

	nsp5
	+
	+
	+
	+

	nsp8
	+
	+
	+
	+

	orf8
	+
	+
	+
	+

	orf3a
	
	+
	+
	+

	orf9c
	+
	
	+
	+

	nsp12
	
	+
	+
	

	nsp13
	
	
	+
	+

	nsp14
	
	+
	+
	

	nsp2
	+
	
	+
	

	nsp9
	
	
	+
	+

	nsp5_C145A
	+
	+
	
	

	M
	+
	
	+
	

	nsp10
	+
	
	
	

	nsp11
	
	
	+
	

	nsp7
	
	
	+
	

	orf9b
	
	
	+
	

	orf10
	+
	
	
	

	Spike
	
	
	
	

	nsp1
	
	
	
	

	nsp4
	
	
	
	

	nsp6
	
	
	
	

	nsp15
	
	
	
	

	orf3b
	
	
	
	

	orf6
	
	
	
	

	orf7a
	
	
	
	



Mevalonate pathway
Mevalonolactone represents a cyclic form of mevalonic acid produced via condensation of the terminal hydroxyl and carboxyl groups, which remains in equilibrium with mevalonate in water. The conversion of hydroxymethylglutarylcoenzyme A (HMG-CoA) into mevalonate catalyzed by HMG-CoA reductase is the rate-limiting step of cholesterol biosynthesis. The lipid rafts, which represent the functional microdomains of the cell membrane enriched with cholesterol, play an important role in the early stages of Coronavirus Infectious Bronchitis Virus (IBN), especially, in the virus attachment to the cells mediated by the interaction of its structural proteins with the rafts [1]. Since mevalonolactone content is increased in plasma samples of the studied COVID-19 patient group, this metabolite can be considered as a potential diagnostic marker and a therapeutic target. Recently, the statins, which are HMG-CoA-reductase inhibitors, as well as some other lipid reducing drugs have been shown to represent a promising group of COVID-19 therapeutics, especially, for the patients with hearts and vessel disease and diabetes comorbidities [2].
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Fig. S1. A fragment of KEGG terpenoid backbone biosynthesis process (Id hsa00900) including mevalonate production pathway. Red boxes indicate the enzymes, which represent the potential viral protein targets.

Mevalonate production pathway is represented in KEGG as a part of terpenoid backbone biosynthesis process (hsa00900) (Fig. S1). The reconstruction of signaling pathway potentially involved in mevalonate pathway regulation by viral proteins revealed those related to expression regulation (for 3 enzymes) and the protein activity/stability regulation via protein-protein interactions with other human proteins (for 4 enzymes) (Tab. 10).
Tab. 10
	Gene symbol
	Proteins
	EC
	Expression regulation
	Protein-protein interactions

	ACAT2
	THIC
	2.3.1.9
	
	+

	ACAT1
	THIL
	2.3.1.9
	+
	+

	HMGCR
	HMDH
	1.1.1.34
	+
	+

	HMGS1
	HMGS1
	2.3.3.10
	+
	

	HMCS2
	HMCS2
	2.3.3.10
	
	+
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Fig. S2. Gene networks describing the potential effects of viral proteins on mevalonate pathway proteins via expression regulation (A) and protein-protein interactions (B). Reconstruction of gene networks A and B was performed with the use of (P4, P5) and (P2, P7) templates, respectively. The bigger balls show the proteins of mevalonate pathway, while the smaller ones designate other proteins. Spirals designate the genes.

HMDH (3-hydroxy-3-methylglutaryl-coenzyme A reductase) is one of the key enzymes playing a critical role in cellular cholesterol homeostasis, which catalyzes the conversion of (3S)-hydroxy-3-methylglutaryl-CoA (HMG-CoA) to mevalonic acid, the rate-limiting step in the synthesis of cholesterol and other isoprenoids (Fig. 11). As recently published, HMDG gene shows an increased expression in SARS-CoV-2 infected alveolar epithelial type 2 cells [3].
As seen in Fig. S2A, HMGCR gene coding for HMDG can be regulated by three proteins (SRBP2, CDF15 и FAS), which, in turn, can be influenced by the viral proteins. HMGRC expression can be activated by SREBP-2 [4,5] and GDF15 [6] proteins. Meanwhile, GDF15 can also positively affect the expression of SREBF2 gene [6], while FAS acts as HMGCR expression inhibitor [7]. The effects of viral proteins on HMGCR expression can be described by the following pathways. Viral protein orf9c interacts with BCS1 protein, and this interaction can prevent the negative regulation of GDF15 expression by BCS1. Thus, orf9c exerts a positive effect on HMGCR expression. Viral protein orf9c can also directly bind to GDF15, however, the effect of this interaction on the GDF15 ability to positively regulate HMGCR and SREBF2 expression requires further investigation. Since HMGCR gene expression is enhanced in the infected cells, and taking into account our data on the increased mevalonate content in COVID-19 patient samples, one can expect that orf8 interaction with GDF15 will increase the potential of the latter to positively regulate HMGCR and SREBF2 expression. Viral proteins N and nsp5 can affect HMGCR expression via the regulation of MOV10 and HDAC2 proteins, which they can bind to. Meanwhile, both MOV10 and HDAC2 are the negative regulators of FASN expression [8,9]. This implies that MOV10 and HDAC2 activity/stability should be increased by the interaction with the above viral proteins in order for them to have a positive effect on HMGCR expression.
An analysis of gene network shown in Fig. S2B enables us to propose the following hypotheses on the regulation of HMDG protein activity by the viral proteins. As seen in this picture, HMDG interacts with KAPCA (cAMP-dependent protein kinase catalytic subunit alpha). The information on this interaction is extracted from HPRD database [Id 00836] [10]. HMDH (3-hydroxy-3-methylglutaryl-coenzyme A reductase) is involved in protein-protein interactions with KAPCA (cAMP-dependent protein kinase catalytic subunit alpha). These interactions can modulate HMDG activity via the phosphorylation-dephosphorylation reaction [11]. HMDG phosphorylation is known to result in the loss of its activity [11]. In turn, KAPCA is affected by viral protein nsp13, which has an ability to interact with the former. The result of such protein-protein interaction on KAPCA activity remains unknown. If the interaction with nsp13 results in KAPCA inhibition and the loss of its ability to phosphorylate HMDG, this will positively regulate HMDG activity.
Fig. S2B reveals another partner of HMDG protein-protein interactions, the DCAF7 protein (DDB1- and CUL4-associated factor 7) (BioGrid Id 2539449). DCAF7 is involved in craniofacial development acting upstream of the EDN1 pathway, which is required for the formation of the upper jaw equivalent, the palatoquadrate. This protein is also related to the protein ubiquitination pathway. One can suggest that the interaction with DCAF7 results in HMDG ubiquitination and further degradation, similarly, as in case of DNA ligase I [12]. As seen in Fig. S2B, viral protein nsp9 interacts with DCAF7, as well. This interaction can also prevent DCAF7 interaction with HMDG and block the degradation of the latter. Thus, one of the possible functions of nsp9 and nsp13 can be an indirect positive effect on HMDG activity and stability.
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