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Table S1 In situ biogeochemical parameters at the incubation experiment sites. 

Site_Layer 
Temperature 

(oC) 

DO 

(µmol L-1) 

NH4
+ 

(µmol L-1) 

NO3
- 

(µmol L-1) 

NO2
- 

(µmol L-1) 

P05_S 30 61.3 40.1 126.1 20.5 

P05_B 30 54.7 33.3 123.5 24.5 

P01_S 29 30.9 167.2 84.0 11.9 

P01_B 29 30.0 166.5 82.0 11.6 

S, surface; B, bottom. 
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Table S2 Isotopic fractionation of 15N during bacterial and archaeal ammonia oxidation, bacterial nitrifier-denitrification, and bacterial 1 

denitrification. 2 

Pathway Microorganisms Species Substrate 15N-N2O References 

Ammonia oxidation 

β-proteobacteria 

Nitrosomonas europaea 

NH4
+ --60‰ Yoshida, 1988; Toyoda et al., 2017  

NH4
+ --46‰ Sutka et al., 2006 

NH4
+ -±‰ Jung et al., 2014 

Nitrosomonas marina C-113a 

NH4
+ -54.9 -15.2‰ (0.5% O2)a 

Frame and Casciotti, 2010 

NH4
+ -13.6 -6.7‰ (20% O2)a 

γ-proteobacteria Methylomonas methanica NH4
+ -39.4‰ Mandernack et al., 2009 

Archaea 

CN25 (marine) NH4
+ ‰ Santoro et al., 2011 

MY1 (soil) NH4
+ -±‰ Jung et al., 2014 

MY2 (soil) NH4
+ -±‰ Jung et al., 2014 

MY3 (soil) NH4
+ -±‰ Jung et al., 2014 

JG1 (soil) NH4
+ -±‰ Jung et al., 2014 

AR (marine sediment) NH4
+ -±‰ Jung et al., 2014 
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CS (acid mine) NH4
+ -±‰ Jung et al., 2014 

Hydroxylamine oxidationb 

β-proteobacteria 

Nitrosomonas europaea 

NH2OH -38-‰ Sutka et al., 2003 

NH2OH -5‰ Sutka et al., 2006 

NH2OH -34-‰ Yamazaki et al., 2014 

Nitrosospira multiformis NH2OH 
-3‰ 

(Average -±2‰) 
Sutka et al., 2006 

Nitrosomonas marina C-113a NH2OH -6.7‰ Frame and Casciotti, 2010 

γ-proteobacteria 

Nitrosococcus oceani NH2OH -17.9  -5.8‰ Yamazaki et al., 2014 

Methylococcus capsulatus 

NH2OH 
-0.3  1.7‰ 

(Average 0.0±1.2‰) 
Sutka et al., 2003 

NH2OH 
1.3  5.2‰ 

(Average 3.4±1.9‰) 
Sutka et al., 2006 

Nitrifier-denitrification β-proteobacteria 

Nitrosomonas marina C-113a NO2
- -57.6±4.1‰ Frame and Casciotti, 2010 

Nitrosomonas europaea NO2
- 

--‰

(Average -±‰) 
Sutka et al., 2003 

Nitrosospira multiformis NO2
- 

-24-‰

(Average -22±‰) 
Sutka et al., 2006 

Denitrification 

γ-proteobacteria Pseudomonas fluorescens NO3
- -37-14‰ Toyoda et al., 2005 

α-proteobacteria Paracoccus denitrificans NO3
- -20-7‰ Toyoda et al., 2005 

aO2 conditions of the incubation experiments. 1 
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bIsotopic fractionation for 15N when using NH4
+ as a substrate was discussed in natural environments, although the values when using NH2OH as 1 

a substrate are listed here.2 
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