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1 Supporting material
1.1 Oxygen dependence

The gas matrix of the sample gas is of great importance when using spectroscopy based measuring techniques. When the
mixing ratio of the gas matrix is changed, the line shape is also altered, leading to a change in the isotopic signature of the
measured sample gas. For the CRDS analyzers, the isotopic signature of the N2 O isotopologues has a linear response to the
oxygen availability in the gas matrix (Erler et al., 2015).

The presented bacterial experiments are performed under anaerobic conditions, where oxygen (O2) is not present. The effect
of this lack of O- on the isotopic signal was quantified by performing dilution experiments on the two CIC-MPI standard
gasses. Two stepwise dilution measurement with either pure synthetic air or N, was conducted for each of the standard gases.
The Ny was of purity 99.9999 % and the synthetic air was a No/Oy mixture (20.1 % O and 79.9 % Na, purity 99.999 %).
Figure [S1|show the average measured §'° N values for each step during each of the four four dilution experiments. Similar
measurements were performed on §'° N? and 6> N*“!*  The two dilution experiments with synthetic air (Fig. and[S1B)
results in a dependence only on the NoO concentration. The two dilution experiments with Ny (Fig. and[STD) results in a
dependence on both the NoO concentration and the O5 concentration.
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Figure S1. The results of the four dilution experiments for §*> N®. (A) CIC-MPI-II diluted with synthetic air (B) CIC-MPI-I diluted with
synthetic air, (C) CIC-MPI-1I diluted with N2, and (D) CIC-MPI-I diluted with N». Black points represent the mean of 30 minutes continuous
measurements. The standard error (error bars) of the measurements are shown in red.
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The effect of a changing O5 concentration on the isotopic composition of N5O is assessed from the difference between
the two dilution experiments for each standard gas. When calculating the difference between the two dilution experiments we
isolate the dependence on the O, concentration, i.e. the difference in §'° N is plotted versus the O concentration. Figure
show the difference between dilution experiments performed with synthetic air and Ns. L.e. the difference between Fig.
and Fig. [ST|C for CIC-MPI-II and the difference between Fig. [STIB and Fig. [STD for CIC-MPI-L. Similar measurements were
performed on 6'° N# and §15 Nbulk,
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Figure S2. The results of the difference between dilution experiments performed with synthetic air and No performed on §*>N®. (A) dif-
ference measured on CIC-MPI-1, and (B) difference measured on CIC-MPI-II. Black points represent the mean of 30 minutes continuous
measurements. The standard error (error bars) of the measurements are shown in red for both the §-value and the Oz concentration.

The average response of the isotope composition with respect to the O, concentration averaged for the two standard gasses
are presented in Fig. This relation is calculated using a Monte Carlo algorithm applied to a linear relation model for the Oo
concentration and §'° N®, §'° N, and 6'° N respectively.

The linear relation model for the effect of O concentration ([Os]) to the values of 615 N%, §® N#, and §1°N are shown in

equation 1] 2] and[3] respectively.

SN pe = —0.1534 - [05] +15.27 (1)
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Figure S3. The effect of changing O concentration on the (A) §*>N©, (B) §'°N?, and (C) §'°N. Black points represent the response
of the isotope composition with respect to the Oo concentration averaged for the two standard gasses. The standard error (error bars) of
the measurements are shown in black for both the 6-value and the Oy concentration. The blue lines are mean values of the Monte Carlo
simulation. The green lines are the 1-c error-bar calculated using Monte Carlo simulation.

§YNS e = —0.1210 - [0s] + 11.66 2)
SPNGUR, = —0.1372-[0g] +13.47 3)

In the above 61° N Spes 0 Y g po» and § 15N g%kc represent the offsets which are subtracted from the NoO concentration
corrected data.

The bacterial evolution experiments were performed under pure Ny conditions. The reported values in the article, are derived
by first applying the N5 O concentration correction and then subsequently applying the correction for the lack of O5. With zero
O, this correction becomes a simple subtraction by the intercept values of the above linear models.
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1.2 Rayleigh model for isotopomers of N, O

Mariotti et al. (1981) derived the equation for the isotope ratio of the substrate as:
R,
RS,O
where R;  is the initial isotope ratio of the substrate, R; is the isotope ratio of the substrate at time ¢, c,,/ is the fractionation
factor of the product versus the substrate, and f is the unreacted fraction of substrate at time 7. I.e. f is going in steps from 1
to O during the reaction. The fractionation factor of the product versus the substrate is the bulk fractionation factor ap,,y, and

therefore a1k = (o +3)/2.

The fractionation factor is a constant calculated as o, /s = R,/ R,. The immediate product for the two isotopomers (R(,,)
therefore calculates as:

R, =R o 5)
0
Ry, = i Ry fOrs=) (©6)

= flowre1) (4)

where the isotopomers are distinguished with ¢ (i = 1,2), respectively. The accumulated product for each of the isotopomers

(R;7acc) can therefore be calculated as the sum of the respective immediate products.
1
A / R df (7)
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where f is the unreacted fraction of the substrate. The equation for the accumulated product for each of the isotopomers derives
to:
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The isotopomer correction factors for the two isotopomers (¢, and ¢g) therefore ends up as presented in the manuscript.

Q. «Q
Po=—2— , pg=—2 (13)
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1.3 Iterative determination of unreacted fraction (f)
1.3.1 Figures of f;q,¢ for 512 N

Figures of the iterative determination of the starting point of the unreacted fraction (f) of 5> N® versus the calculated R-
squared value. The black crosses are all possible f-values used in calculation of R? between the Rayleigh fractionation profile
5 and the measured data produced from Pseudomonas fluorescens. The red crosses are the best fit to §1° N®. The green crosses
are the average best fit to §'° N and 6'° N, hence the used values. Figure A is the first replica and the one presented in the

manuscript.
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1.3.2 Figures of f:qr: for 6> NP

Figures of the iterative determination of the starting point of the unreacted fraction (f) of 6'° N? versus the calculated R-
squared value. The black crosses are all possible f-values used in calculation of R? between the Rayleigh fractionation profile
and the measured data produced from Pseudomonas fluorescens. The red crosses are the best fit to 6'° N”. The green crosses
are the average best fit to §'° N and 6'° N, hence the used values. Figure A is the first replica and the one presented in the
manuscript.




1.3.3 Figures of fe,.q

Figures of the iterative determination of the ending point of the unreacted fraction (f) versus the calculated R-squared value.
The black crosses are all possible f-values used in calculation of R? between the Rayleigh fractionation profile and the mea-
sured data produced from Pseudomonas fluorescens. The green crosses are the best fit to 6> N® and §'° N®, hence the used
values. Figure A is the first replica and the one presented in the manuscript.
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1.4 Iterative determination of the reduction correction parameter (v)

Figures of the iterative determination of the starting point of the reduction correction parameter () versus the calculated R-
squared value. The black crosses are all possible y-values used in calculation of R? between the Rayleigh fractionation profile
and the measured data produced from Pseudomonas fluorescens. The green crosses are the best fit to 6> N and §'° N”, hence
the used values. Figure A is the first replica and the one presented in the manuscript.
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1.5 Pseudomonas Chlororaphis

1.5.1 Figures of 615 N

Figures of the continuous measurements of the evolution of 6'° N versus the concentration of NyO. The blue profile is the
raw production part. The black profile is the five minutes running mean of the raw measurements. The red is the fitted Rayleigh
distillation for the production part. Figure A is the first replica and the one presented in the manuscript.
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1.5.2 Figures of 61> N#

Figures of the continuous measurements of the evolution of §'° N# versus the concentration of NoO. The blue profile is the
raw production part. The black profile is the five minutes running mean of the raw measurements. The red is the fitted Rayleigh
distillation for the production part. Figure A is the first replica and the one presented in the manuscript.
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1.5.3 Figures of §15 Nbulk

Figures of the continuous measurements of the evolution of §'° N*“/* versus the concentration of Ny O. The blue profile is the
raw production part. The black profile is the five minutes running mean of the raw measurements. The red is the fitted Rayleigh
distillation for the production part. Figure A is the first replica and the one presented in the manuscript.
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1.5.4 Figures of SP

Figures of the continuous measurements of the evolution of SP versus the concentration of N2O. The blue profile is the raw
production part. The black profile is the five minutes running mean of the raw measurements. Figure A is the first replica and

the one presented in the manuscript.
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1.6 Pseudomonas Fluorescens
1.6.1 Figures of §1° N©

Figures of the continuous measurements of the evolution of 6'®> N versus the concentration of NyO. The blue profile is the
raw production part. The green profile is the raw consumption part. The black profile is the 5 minutes running mean of the raw
measurements. The red is the fitted Rayleigh distillation for the production part. The magenta is the fitted Rayleigh distillation
for the consumption part. Figure A is the first replica and the one presented in the manuscript.
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1.6.2 Figures of 61> N#

Figures of the continuous measurements of the evolution of §'° N versus the concentration of NoO. The blue profile is the raw
production part. The green profile is the raw consumption part. The black profile is the five minutes running mean of the raw
measurements. The red is the fitted Rayleigh distillation for the production part. The magenta is the fitted Rayleigh distillation
for the consumption part. Figure A is the first replica and the one presented in the manuscript.
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1.6.3 Figures of §1% Nbulk

Figures of the continuous measurements of the evolution of % N*“!* versus the concentration of N»O. The blue profile is
the raw production part. The green profile is the raw consumption part. The black profile is the five minutes running mean of
the raw measurements. The red is the fitted Rayleigh distillation for the production part. The magenta is the fitted Rayleigh
distillation for the consumption part. Figure A is the first replica and the one presented in the manuscript.
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1.6.4 Figures of SP

Figures of the continuous measurements of the evolution of SP versus the concentration of N2O. The blue profile is the raw
production part. The green profile is the raw consumption part. The black profile is the five minutes running mean of the raw

measurements. Figure A is the first replica and the one presented in the manuscript.
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