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Growth reactions summarize formation of live matter from a substrate [von Stockar, 2010,
2013a, 2013b]. Table S1 lists the stoichiometric coefficients for growth reactions of the viruses

considered in this research. The stoichiometric coefficients are for the growth reaction of the form

CH.1.797800.4831N0224750.0225 + O2 + HPOs* + HCOs — (Bio) + SO+ + H20 + HCOs + H2COs (5.1)
where CHi.797800.4831N0.2247500225 represents amino acids (equation S.1 is the main-text equation 11).
(Bio) stands for live matter empirical formula of the form CHnHOnoNnNPrpSns, with coefficients from
main-text Table 2. HCOs appears on both sides, because HCOs/H2CO:s forms a buffer that regulates
the pH. Thus, HCOs is formed or used depending on the number of H* ions released by the other
reaction participants.

Table S2 gives thermodynamic properties of formation and growth of the viruses considered

in this research. Standard molar enthalpy, A:H’ and entropy, A:S% of growth were calculated using

the equations

ArHO = Zproducts v AfH0 — YreactantsV AfHO (5:2)

ArSO = Zproducts VS — XreactantsV Sm (8:3)
where Ad1° is standard enthalpy of formation, $% standard molar entropy and v stoichiometric
coefficient from Table S1 [Atkins and de Paula, 2014, 2011]. The summations are over all reactants
and products of the growth reaction (5.1). The uncertainties in A-H° and A:S° were found by error
propagation, starting from uncertainties in AgH° and S%.

Table S.3 lists elemental compositions and molar masses of the major molecular constituents
of viruses: RNA, DNA, proteins, carbohydrates and lipids. The values were taken from [Popovic and
Minceva, 2020a]. This data was combined with molecular composition of viruses, using main-text
equation 3, to find the elemental compositions of viruses.

Table S.4 gives chemical formulas and standard thermodynamic properties of the growth
medium components. These properties were combined with thermodynamic properties of viruses
[AH(Bio), S°(Bio) and AfGY(Bio) from Table S2] and stoichiometry of growth (Table S1) to find
thermodynamic properties of virus growth (A:H?, ArS? and A-G?), using equations S.2, S.3 and main-
text equation 12. The results are given in Table 52 and main-text Table 3.
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Table S1. Stoichiometries of growth of viruses. The stoichiometric coefficients are for the growth reaction CH1.797800.4831N0.224750.0225 + O2 + HPOs? + HCOs — (Bio) + SO4> + H20
+ HCOs + H2COs, where CHi.797800.4831N0.224750.0225 represents amino acids. (Bio) stands for live matter empirical formula of the form CHnHOnoNnNPrrSrs, with coefficients from
main-text Table 2. The viruses marked with an asterisk are enveloped viruses. For enveloped viruses, lipids were not included into calculation, since they are taken from the

host cell during budding and not synthesized at the ribosomes [Popovic and Minceva, 2020b].

Reactants Products
Name Composition reference
Amino acid O, HPO,>  HCOs —  Bio SO,* H.0 HCO5 H,CO3
Adenovirus [Riedel et al., 2019] 1.25226 0.31707 0.00997 0.02531 — 1.00000 0.02263 0.09639 0.00000 0.27757
Adenovirus [Knight, 1975] 1.25226 0.31707 0.00997 0.02531 — 1.00000 0.02263 0.09639 0.00000 0.27757
Coliphages 72, T4, T6 [Knight, 1975] 1.38163 0.52576 0.04868 0.00000 — 1.00000 0.02812  0.18563  0.04112 0.34051
Enterovirus [Riedel et al., 2019] 1.32815 0.44323 0.02308 0.00401 — 1.00000 0.02508  0.12772  0.00000 0.33216
Equine encephalomyelitis* [Knight, 1975] 1.23801 0.30097 0.00619 0.03177 — 1.00000 0.02207 0.08735  0.00000 0.26979
Fowl plague* [Knight, 1975] 1.15326 0.20071 0.00189 0.03668 — 1.00000 0.02023 0.07336 0.00000 0.18995
Herpes simplex* [Knight, 1975] 1.22296 0.28459 0.00887 0.02631 — 1.00000 0.02203 0.09231 0.00000 0.24927
Influenza* [Riedel et al., 2019] 1.13477 0.17813 0.00071 0.03820 — 1.00000 0.01981 0.06980 0.00000 0.17297
Influenza* [Knight, 1975] 1.14355 0.18724 0.00071 0.03850 — 1.00000 0.01996 0.07034 0.00000 0.18205
Orthomyxoviruses* [Riedel et al., 2019] 1.14036 0.18443 0.00088 0.03808 — 1.00000 0.01992 0.07050 0.00000 0.17844
Paramyxoviruses* [Riedel et al., 2019] 1.14036 0.18443 0.00088 0.03808 — 1.00000 0.01992 0.07050 0.00000 0.17844
Picornaviruses [Riedel et al., 2019] 1.32815 0.44323 0.02308 0.00401 — 1.00000 0.02508 0.12772 0.00000 0.33216
Poliovirus [Riedel et al., 2019] 1.32815 0.44323 0.02308 0.00401 — 1.00000 0.02508 0.12772 0.00000 0.33216
Poxviruses* [Riedel et al., 2019] 1.21641 0.26534 0.00241 0.03793 — 1.00000 0.02137 0.07832 0.00000 0.25434

Reoviruses, Rotaviruses, and )
[Riedel et al., 2019]

Caliciviruses 1.26324 0.34079 0.01091 0.02400 — 1.00000 0.02291  0.09865 0.00000 0.28724
Rhabdoviruses* [Riedel et al., 2019] 1.18779 0.24214 0.00384 0.03432 — 1.00000 0.02100 0.07947  0.00000 0.22211
Rhinovirus [Riedel et al., 2019] 1.32815 0.44323 0.02308 0.00401 — 1.00000 0.02508  0.12772 0.00000 0.33216
SARS-CoV-2* [Popovic and Minceva, 2020b] 1.29093 0.36323 0.00381 0.04072 — 1.00000 0.02417 0.06809  0.00000 0.33165
Simian virus 5* [Knight, 1975] 1.14036 0.18443 0.00088 0.03808 — 1.00000 0.01992 0.07050  0.00000 0.17844




of live matter; A/\G%Bio) — standard Gibbs energy of formation of live matter; A-H’ - enthalpy of growth; A:5? - entropy of growth; A:G? - Gibbs energy of growth

Table S2: Thermodynamic properties of formation and Growth of viruses. Symbols: AdH‘(Bio) - standard enthalpy of formation of live matter; S%(Bio) - standard molar entropy

A¢HO(bio) S°%n(bio) £:GO(bio) AH° AS° A,G°
Name Composition reference
(kJ/C-mol) (J/C-mol K) (kJ/C-mol) (kJ/C-mol) (J/C-mol K) (kJ/C-mol)
Adenovirus [Riedel et al., 2019] 73 + 29 314 + 6.2 -32 + 30 -150 + 42 -224 + 95 -144 + 43
Adenovirus [Knight, 1975] 73 + 29 314 + 6.2 -32 + 30 -150 + 42 -224 + 95 -144 + 43
Coliphages T2, T4, T6 [Knight, 1975] -108 + 28 336 + 6.6 -65 + 28 242 + 41 -439 + 9.8 -230 + 43
Enterovirus [Riedel et al., 2019] 90 £ 29 327 + 64 -48 t 29 -207 £ 41 -355 £ 96 -197 + 43
Equine encephalomyelitis* [Knight, 1975] 72 + 29 315 + 6.2 -32 + 30 -143 + 42 -21.2 + 9.5 -137 + 43
Fowl plague* [Knight, 1975] -76 £+ 29 318 + 63 -35 + 29 97 + 42 -136 + 95 93 + 43
Herpes simplex* [Knight, 1975] 75 + 29 316 + 62 -34 + 29 -135 + 42 -20.1 + 95 -129 + 43
Influenza* [Riedel et al., 2019] 77 + 29 319 + 63 -36 + 29 -87 + 42 -118 + 95 -83 + 43
Influenza* [Knight, 1975] 76 £+ 29 318 + 63 -34 + 29 91 + 42 -123 + 95 -87 + 43
Orthomyxoviruses* [Riedel et al., 2019] 76 + 29 319 + 63 -35 + 29 90 + 42 -122 + 95 -8 * 43
Paramyxoviruses* [Riedel et al., 2019] 76 + 29 319 + 63 -35 + 29 90 + 42 -122 + 95 -8 * 43
Picornaviruses [Riedel et al., 2019] 90 + 29 327 + 64 -48 + 29 -207 + 41 -355 + 96 -197 + 43
Poliovirus [Riedel et al., 2019] 90 + 29 327 + 64 -48 + 29 -207 + 41 -355 + 9.6 -197 + 43
Poxviruses* [Riedel et al., 2019] 67 + 30 311 + 6.1 -27 + 30 -127 + 42 -175 + 94 -122 + 43
Reoviruses, Rotaviruses, and Caliciviruses [Riedel et al., 2019] -77 + 29 318 + 63 -36 + 29 -161 £ 42 -252 + 95 -154 + 43
Rhabdoviruses* [Riedel et al., 2019] 75 + 29 317 + 6.2 -34 + 29 -116 + 42 -168 + 9.5 -111 + 43
Rhinovirus [Riedel et al., 2019] 90 + 29 327 + 64 -48 t+ 29 -207 + 41 -355 + 9.6 -197 + 43
SARS-CoV-2* [Popovic and Minceva, 2020b] -71 + 30 317 = 6.2 -30 = 30 -173 + 42 -262 + 95 -165 + 43
Simian virus 5* [Knight, 1975] -76 + 29 319 + 63 -35 + 29 90 + 42 -122 + 95 -8 + 43




Table S3: Elemental composition of major classes of molecules constituting viruses. Elemental
composition is given in the form of empirical formulas: CHntOnoNnNPreSrs. Since the empirical

formulas are per C-mole, nc = 1. Data taken from [Popovic and Minceva, 2020a].

Class Nu no nn np ns Mr (g/C-mol)

RNA 1.23160 0.76101 0.39670 0.10500  0.00000 34.216
DNA 1.25548 0.58400 0.37961 0.10219 0.00000 31.082
Protein 1.56922 0.30849 0.27079  0.00000 0.00611 22.492
Carbohydrate 2.00000 1.00000 0.00000 0.00000 0.00000 30.000
Lipid 1.92157 0.11765 0.00000 0.00000 0.00000 15.804




Table S4: Elemental composition and thermodynamic properties of the virus growth medium. Standard thermodynamic properties of the mixture of amino acids were estimated

from its elemental composition using the Battley equation. AH® - standard enthalpy of formation; S°n standard molar entropy; A¢G® - standard Gibbs energy of formation.

Name Formula AsH® (kJ/mol) S°m (J/mol K) A¢G° (kJ/mol) Reference
Amino acid CH1.797800.4831N0.224750.0225 -107430 3617 -60+30 Battley equation

Oxygen 02(g) 0 205.138 0 [Atkins and de Paula, 2014]
Hydrogenphosphate HPO,* (aq) -1292.14 8.4 -1089.26 [Vieillard and Tardy, 1984]
Bicarbonate HCOs5 (aq) -691.99 91.2 -586.77 [Atkins and de Paula, 2014]
Sulfate S04 (aq) -909.27 20.1 -744.53 [Atkins and de Paula, 2014]
Water H,0 (1) -285.83 69.91 -237.13 [Atkins and de Paula, 2014]
Carbonic acid H,COs (aq) -699.65 187.4 -623.08 [Atkins and de Paula, 2014]






