We thank the referees for their careful reading and the detailed comments. The responses to the
comments of the two referees in our direct reply (shown below) and within the revised
manuscript (see marked copy) are provided below. The pages and lines indicated below
correspond to those in the marked copy.

Response to Referee 1 (Referees’ comments are italicized)

1. Referee comment: “Pg 4, In 122. Please elaborate on how and where the aerosol samples,
from which the bacterial strains were isolated, were collected. For example, is the altitude or
temperature of the sampling location known?”

Author response: We have added the following information to the revised manuscript:

Page 5, line 167: “Two new strains (B0910 and pf0910) belonging to Enterobacter species
were isolated by exposing nutrient agar plates to ambient air in an urban environment
(22.3360° N, 114.1732° E) at the height of 50 m above sea level during the summer season
(~22 °C) in Hong Kong.”

2. Referee comment: “Please comment on whether the bacteria were metabolically active in
the atmosphere or rather on the possibility that they might have been dormant. What
implications does this have for the results?”

Author response: Although the atmosphere is historically considered to be a hostile
environment for microbes, airborne metabolically active bacteria are present in the atmosphere.
Culture-based and culture-independent analyses previously performed on bacteria isolated
from cloud water showed that a fraction of these bacteria species are metabolically active. In
addition, previous studies have reported that some of the culturable bacteria species isolated
from cloud water can biodegrade atmospheric organic compounds, which provides further
evidence that there are metabolically active bacteria in cloud water. We expect results from our
study to provide new insights into how cloud water pH and exposure to solar radiation affect
the survival and energetic metabolism of metabolically active bacteria and their ability to
biodegrade organic compounds in clouds, which has important implications for our
understanding of metabolically active bacteria in clouds.

The following information has been added into the revised manuscript to emphasize that
metabolically active bacteria are present in the atmosphere:

Page 2, line 71: “Airborne bacteria are comprised of both dead or dormant cells and
metabolically active cells. Previous culture-based and culture-independent analyses of
bacteria isolated from cloud water have shown that some of these bacteria species are
metabolically active (Amato et al., 2007; Krumins et al., 2014; Amato et al., 2019).
Previous studies have reported that the degradation of organic compounds as a result of
microbiological-chemical interactions between live bacteria and organic matter can play
an important role in influencing the carbon budget in clouds, which will have important
atmospheric and climate implications (Delort et al.,, 2010; Vaitilingom et al., 2010;
Vaitilingom et al., 2013; Ervens and Amato, 2020).”



3. Referee comment: “These experiments were conducted in 5 mL volumes based on Methods
section 2.2 (pg 6, In 176). Multiple points in the manuscript (e.g., pg 6, In 179, pg 7, In 196;
pg 8, In 226) mentioned aliquots of the sample being removed for analysis. What volume was
removed, and would this in anyway bias the results? Were the test tubes stirred over the course
of the experiments, and if not, could this impact the data?”

Author response: During each experiment, the photoreactor’s rotating rack held sixteen quartz
tubes, all of which contained 5 mL of the solution comprised of bacteria cells suspended in
artificial cloud water solution. We pipetted 100 uL of sample at different time points for colony
forming unit (CFU) counts to determine the culturable bacterial cell concentrations (and
calculate the bacteria survival rates), and 20 pL of sample at different time points for ADP/ATP
measurements. In experiments aimed at investigating the biodegradation of organic acids, we
pipetted 0.6 mL of sample from different quartz tubes at different time points for IC analysis.
The pipetted 100 puL, 20 pL and 0.6 mL volumes accounts for 2%, 0.4%, and 12% for the initial
volume of solution in each quartz tube (5 mL), respectively. Since small volumes of samples
were pipetted from different tubes for these analyses over the course of these experiments, we
do not expect the volumes removed to bias the results. In experiments aimed at identifying
water-insoluble and water-soluble biological material and organic compounds, we removed
two tubes at different time points and used all the solutions in the two tubes (for a total of 10
mL of sample) for UPLC-MS measurements. While the quartz tubes were not stirred over the
course of the experiments, the high reproducibility of our results from these experiments
(which were performed in triplicate) suggests that the samples in the quartz tubes were likely
homogeneous. Thus, we do not expect our experimental protocols to impact our data.

4. Referee comment: “Is there evidence that bacteria were actively metabolizing in the acidity
and light experiments if the decay of organics in the cloud water mimic could not be observed?
Have any live/dead staining before and after light exposure been performed?”

Author response: There are two observations that provide evidence that the bacterial cells
were metabolically active during the carboxylic acid biodegradation experiments. First, the
measured ADP/ATP ratios, which can be seen as a measure of the bacterial cellular energy state,
strongly suggested that the bacterial cells were metabolically active. A live cell typically has a
ADP/ATP ratio of around 0.25, while a dead cell will have a ADP/ATP ratio of around 6
(Koutny et al., 2006). Figure S13 shows that the initial ADP/ATP ratios at reaction time 0 min
were close to 0.25. The ADP/ATP ratio did not increase over the course of the experiment under
dark conditions at pH 4.3, and under illuminated and dark conditions at pH 5.9. Although the
ADP/ATP ratios increased over the course of the experiment under illuminated conditions at
pH 4.3, the final ADP/ATP ratios (around 0.30) were substantially lower than 6. Second,
aliquots (100 pL) of the solutions were taken at every hour over 12 hours for CFU counts on
LB agar at 37 °C for 16 hours to determine the culturable bacterial cell concentrations. Since
we were able to grow the bacterial cells on the agar, this indicated that the bacterial cells were
metabolically active. We did not stain the cells before and after the light exposure since we
performed cell culture experiments to determine the fraction of live vs. dead cells in our study.

5. Referee comment: “Pg 8, Ins 220-222. While citations are provided to support the claim that
the concentration ratio between chemicals and cells rather than absolute values are important
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for degradation rates, the latter two both reference the first one (Vaitilingom et al. 2010). In
that case, it is for a different bacterium and for a single carbon source. Can their assumption
be extended to these experiments given the discrepancies?”

Author response: We acknowledge that the referee raised a valid point. We were unable to
find other studies that performed experiments with different bacteria strains incubated in the
presence of multiple carbon sources to support the claim that the concentration ratio between
chemical compounds and bacterial cells rather than absolute values are important for
biodegradation rates can be applied to experiments utilizing different bacteria strains and for
multiple carbon sources. Hence, we have revised the manuscript to be more circumspect about
the validity of this assumption:

Page 8, line 258: “Due to the detection limits of the IC system used to measure the organic
acids, the concentration for each organic acid was set to S0 pM (Table S2), which is
around 10 times higher than the concentrations typically measured in cloud water. The
concentrations of inorganic ions in the artificial cloud water were also increased by 10
times. Vaitilingom et al. (2010) previously reported that the same biodegradation rates
will be obtained as long as the concentration ratio of the chemical compounds to bacterial
cells is constant. However, the authors drew this conclusion based on experiments
performed using a Pseudomonas graminis bacterial strain incubated in the presence of a
single organic compound as the carbon source. At present, it is unclear whether this
conclusion can be extrapolated to other bacteria species incubated in the presence of
multiple organic compounds, and this warrants further study. Nevertheless, we made the
same assumption (i.e., the same biodegradation rates will be obtained as long as the
concentration ratio of the chemical compounds to bacterial cells is constant) as was done
in previous studies that investigated the biodegradation of multiple organic compounds
by different bacteria species (Vaitilingom et al., 2011; Jaber et al., 2020; Jaber et al., 2021).
Hence, the bacteria concentration used was set to 10° cells mL-! to maintain the same
concentration ratio of the organic acids to bacterial cells.”

6. Referee comment: “What were the “simple” (pg 17, In 410) calculations used to create
Figure 5? Are they merely ratios of the degradation rates or were they based on a model?
Either way, what are the assumptions used and the limitations of that approach?”

Author response: We refer the referee to Section S5, which describes the simple kinetic
analysis we performed using the biodegradation rates that we measured in this study. We have
also added discussions on the assumptions used and the limitations of our approach in the
revised manuscript:

Page 22, line 609: “A simple Kkinetic analysis was performed to identify the factors that
will impact the relative contributions of bacterial activity vs. ‘OH/NO3- chemistry in
cloud water during the daytime and nighttime. Details of the calculations performed in
this Kinetic analysis can be found in Section S5. Our approach of considering daytime and
nighttime processes separately was different from the approach used by previous studies,
which determined the relative contributions of bacterial activity and chemical reactions
on the degradation of organic compounds by only considering dark biodegradation
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processes and ‘OH photochemical reactions (Vaitilingom et al., 2011; Jaber et al., 2020;
Jaber et al., 2021). Here, biodegradation rates that were measured under illuminated
conditions were used for the daytime scenario, while biodegradation rates that were
measured under dark conditions were used for the nighttime scenario. We used the
average of biodegradation rates measured for the two strains for our calculations.
Formate, oxalate, and malonate were chosen for our analysis since their ‘OH and
NOs- reaction rate constants were available in the literature. -OH and NO3- are the main
tropospheric aqueous-phase free radicals during the daytime and nighttime, respectively
(Herrmann et al., 2010). The average measured biodegradation rates of formate, oxalate,
and malonate were first converted to biodegradation rate constants. These
biodegradation rate constants and the corresponding ‘OH and NO3- reaction rate
constants provided by the literature (Table 1) were subsequently used for calculations of
the biodegradation rates and chemical reaction rates in cloud water (Section S5). A
bacteria concentration of 8 x 107 cell L-! was assumed in our calculations for the daytime
scenario at pH ~5 and the nighttime scenarios at pH ~4 and ~5, which was the same
bacteria concentration used in previous studies and represented the highest estimate of
actual live bacteria concentrations (i.e., 100% of metabolically active cells) (Vaitilingom
et al., 2011; Jaber et al., 2020; Jaber et al., 2021). Based on our investigations of the
survival and energetic metabolism of bacteria under illuminated conditions at pH 4 to 5
(Figure 1), we expect the bacteria concentrations to gradually decrease for the daytime
scenario at pH ~4. Thus, for simplicity, we assumed a lower bacteria concentration in our
calculations for the daytime scenario at pH ~4, whereby we multiplied the bacteria
concentration of 8 x 107 cell L-! by a factor of 0.75. This factor was obtained by taking the
average survival rates for the two strains from reaction time 0 to 12 hour in our
experiments conducted under illuminated conditions at pH 4.3 (Figure S13). The rates of
oxidation by ‘OH and NOs- chemical reactions will depend on their respective
concentrations. Hence, we used the average ‘OH and NO3- concentrations reported by
Herrmann et al. (2010) for remote, marine, and urban environments in our calculations
(Table S6) (Herrmann et al., 2010).”

Page 24, line 669: “Our simple kinetic analysis indicated that the organic acid, cloud
water pH, radical oxidant concentration, and time of day (i.e., daytime vs. nighttime) will
impact the relative contributions of bacterial activity vs. ‘OH/NO3- chemistry in the
aqueous phase. However, there are a number of caveats that should be noted. First, the
biodegradation rates used in this analysis were from experiments conducted at 25 °C,
which may be more representative of warmer regions during the summer (e.g., Hong
Kong and parts of South China). Slower biodegradation rates will likely be measured at
lower temperatures (Ariya et al., 2002; Vaitilingom et al., 2010; Husarova et al., 2011;
Vaitilingom et al., 2011), which will impact the relative contributions of bacterial activity
vs. ‘OH/NOs3- chemistry. Second, our analysis did not account for how the presence of
aqueous-phase oxidants (e.g., ‘OH in the daytime, NO3- in the nighttime) will impact the
survival and energetic metabolism of bacteria, which in turn will impact the relative
contributions of bacterial activity vs. ‘OH/NQOs3- chemistry. Third, our analysis did not
account for the physical separation of cloud droplets containing bacteria cells from cell-
free cloud droplets. Only a small fraction of cloud droplets will contain metabolically
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active bacteria cells, and the bacterial metabolism cannot affect the composition of
organic acids in cell-free cloud droplets (Fankhauser et al., 2019; Khaled et al., 2021).
Hence, only ‘OH/NO3- chemistry will govern the degradation of organic acids in cell-free
droplets. Consequently, not accounting for the physical separation of cloud droplets
containing bacteria cells from cell-free cloud droplets will result in an overestimation of
the contribution of bacterial activity to the biodegradation of organic compounds
(Fankhauser et al., 2019; Khaled et al.,, 2021). Fourth, our analysis only considers
biodegradation and chemical reactions occurring in the aqueous phase and ignores gas-
aqueous phase exchanges and gas-phase chemical reactions. Nah et al. (2018) previously
showed that the gas-aqueous phase partitioning of organic acids will depend on the
organic acid’s Henry’s law constant and acid dissociation constants, liquid water
concentration, temperature, and pH (Section S6). Figure S14 shows that a significant
fraction of formic acid will be in the gas phase at pH 4 and 5 under cloud water conditions,
whereas all of oxalic acid, malonic acid, and maleic acid will be in the aqueous phase at
pH 4 and S under cloud water conditions. This suggests that gas-phase chemical reactions
will likely play an important role in consuming formic acid, whereas the consumption of
oxalic acid, malonic acid, and maleic acid will likely mainly be through bacterial activity
and chemical reactions in the aqueous phase. Quantifying the exact contributions of
aqueous-phase bacterial activity vs. aqueous-phase ‘OH/NO3- chemistry vs. gas-
phase ‘OH/NO3- chemistry under different cloud water pH conditions will require a
multi-phase box model similar to the one used by Khaled et al. (2021). This is beyond the
scope of the current study but can be a subject of future studies.”

7. Referee comment: “Furthermore, although Fankhauser et al. 2019 is referenced (pg 16, In
379; pg 21, In 478), their main finding was not acknowledged. They concluded that
metabolically active microorganisms in the atmosphere are physically separated from the
majority of atmospheric water (and thus organics), and that bacterial metabolism should not
significantly affect the total organic content. This seems to directly contradict the finding that
bacterial metabolism can be competitive with chemical oxidation. How can this be reconciled?”

Author response: We agree with the referee that the main findings of Fankhauser et al. (2019)
need to be discussed. We acknowledge that neglecting the physical separation of cloud droplets
containing bacteria cells from cell-free cloud droplets will lead to an overestimation of the
potential impacts of bacterial metabolism. Thus, we likely overstated the competitiveness of
bacterial metabolism in our original manuscript since we did not consider the physical
separation of cloud droplets containing bacteria cells from cell-free cloud droplets. We have
revised the manuscript to be more circumspect about the competitiveness of bacterial
metabolism vs. chemical reactions in degrading organic acids in the aqueous phase. We refer
the referee to our response to their previous comment, which also shows the changes we made
in the revised manuscript to address this comment.

8. Referee comment: “Technical comments: Please define ADP and ATP”
Author response: We have defined ADP and ATP in the revised manuscript:

Page 7, line 225: “The adenosine diphosphate/adenosine triphosphate (ADP/ATP) ratios
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were measured using an assay kit (EnzyLightTM, BioAssay Systems) and a biolumineter
(SpectraMax M2e) to determine changes in the bacteria energetic metabolism.”

Response to Referee 2 (Referees’ comments are italicized)

1. Referee comment: “The manuscript is written in correct language, but there is a general
lack of precision in the statements (MSA is not a carboxylic acid for instance), important
references are missing or misinterpreted (such as Khaled et al. (2021), where the necessity to
account for the multiphase and heterogeneous aspects of clouds is emphasized, or the (inexact)
statement that biodiversity in clouds was only investigated so far through culture methods L60.
In addition, in several places the interpretations could be expanded and contextualized.”

Author response: We have addressed these concerns in the revised manuscript. Please refer to
our response to the comments made by both referees.

2. Referee comment: “/ had difficulties to figure out what was the rationales behind some
aspects of the study that not seem to bring additional information, and that are not discussed
into context, such as ADP/ATP data and the list of organics released during cell lysis. The
latter in particular appears totally disconnected from the rest of the study, barely out of subject,
while it could be presented and discussed as a source of organics to cloud water, and/or
biomarkers of cell lysis. Are these compounds indeed found in natural cloud water? Could
these be used by the remaining active cells as substrates? Could these be used as biomarkers
of damages to cells in such environments? About ADP and ATP, could these be used as proxies
to evaluate survival and biodegradation rates in natural situations? Does this variable provide
additional information here compared to cultures regarding survival?”

Author response: We thank the referee for his helpful suggestions on how to better connect
our discussions regarding ADP/ATP and the organic compounds released during cell lysis to
the other results presented the manuscript. The following changes were made to the revised
manuscript:

Page 17, line 473: “These detected compounds indicated that bacterial cell lysis could be
a source for carbon in cloud water. Many of the compound classes detected in this study
have previously been measured in atmospheric cloud water. For instance, large
abundances of peptide-like compounds and lipid-like compounds have been measured in
cloud water from Puy de Déme (Bianco et al., 2018; Bianco et al., 2019), which is
consistent with the detection of large abundances of compounds assigned to the peptide
and lipid compound classes in this study. This suggested that peptide-like and lipid-like
compounds could be used as biomarkers to evaluate bacterial contributions to
atmospheric samples. Previous studies have used fatty acids, which are integral building
blocks of lipids, in atmospheric samples as biomarkers for characterizing and quantifying
bacteria, and assessing the atmospheric transport of bacteria (Kawamura et al., 2003;
Lee et al., 2004; Tyagi et al., 2015). While this study shows that bacterial cell lysis will
release large quantities of peptide-like and lipid-like compounds, using these compounds
as biomarkers for bacterial cell lysis in atmospheric samples will likely be complex as the

6



concentrations of these compounds will likely change with time. This is because peptide-
like and lipid-like compounds will undergo chemical and biological transformations after
they have been released during cell lysis, which will impact their concentrations in
atmospheric samples. Amino acids, which are building blocks of peptides, are known to
undergo chemical reactions with oxidants in cloud water, (Bianco et al., 2016). In addition,
peptide-like and lipid-like compounds can be produced and/or consumed by cloud
microorganisms to maintain their metabolism (Bianco et al., 2019; Jaber et al., 2021).”

Page 9, line 305: “Figure 1 shows the survival rates and ADP/ATP ratios of the E.
hormaechei B0910 and E. hormaechei pf0910 strains over time under illuminated and
dark conditions at different artificial cloud water pH. The ADP/ATP ratio is used as an
indicator of the bacteria’s metabolic activity and survival rate in this study. Growing cells
usually maintain a constant ADP/ATP ratio because whenever there is a decrease in
intracellular ATP production, its degradation product ADP will be resynthesized to form
ATP to maintain intracellular ATP concentrations (Koutny et al., 2006; Guan and Liu,
2020). In contrast, when there is a disruption in the metabolism of ATP production, ATP
cannot be resynthesized from ADP even though ATP is still converted to ADP, which will
cause the ADP/ATP ratio to increase (Koutny et al., 2006; Guan and Liu, 2020)”

3. Referee comment: “The genomes of the bacteria investigated were sequenced, and such data
could provide useful information to interpret the data. Nevertheless, genomes have not been
exploited at all in this study. Looking for relevant enzymes and functions in the genomes (pH
homeostasis, internalization and use of carbon substrates, etc) and discussing them would
definitely strengthen the paper regarding the biological aspects of cloud microbiology.”

Author response: As requested, we have provided more discussion about the bacteria genomes
and their roles in the revised manuscript. We moved our previous discussion on the possible
enzymes, functions, and mechanisms associated with organic acid biodegradation by the two
bacterial strains from the Supplementary Information to the revised main manuscript. We also
added a discussion about pH homeostasis to the revised manuscript. The following changes
were made to the revised manuscript:

Page 12, line 354: “Our genomic analysis revealed that the two strains have genes
encoding a F1F0-type ATP synthase, which can export protons from their cytoplasm to
cope with pH stress (Krulwich et al., 2011). In addition, genes encoding potassium
transporters, which may be involved in pH homeostasis (i.e., both Kup-type low-affinity
and Kdp-type high-affinity potassium transporters) (Brzoska et al., 2022) were found in
the genome of both strains (Table S3).”

Table S3. Genes involved in the pH homeostasis in the two E. hormaechei strains.

Transporters Protein subunits E. hormaechei B0910 E. hormaechei pf0910

CDS CDS

F1F0-type ATP Subunit a, AtpB MOG78_16595 MMW20_13045

7



synthase Subunit ¢, AtpE

MOG78_16590

MMW20_13050

Subunit b, AtpF

MOG78_16585

MMW20_13055

Subunit delta, AtpH

MOG78_16580

MMW20_13060

Subunit alpha, AtpA

MOG78_16575

MMW20_13065

Subunit gamma, AtpG

MOG78_16570

MMW20_13070

Subunit beta, AtpD

MOG78_16565

MMW20_13075

Subunit epsilon, AtpC

MOG78_16560

MMW20_13080

Potassium-binding ATPase

MOG78_10080

MMW20_ 19865

subunit KdpA
Potassium-binding ATPase
MOG78_10085 MMW20 19860
subunit KdpB - -
Kdp-type high- potassium-binding ATPase
) orassium-DIRCINg AL TAS MOG78_10090 MMW20_19855
affinity subunit KdpC - -
potassium Gene sequence found but CDS
transporter

is not annotated.

Potassium-binding ATPase

MOG78_10075 (Chromosome genome

subunit KdpF
nucleotide position: 3800683-
3800772)
Kup-type low-
affinity
. Kup MOG78_16640 MMW20_13000
potassium
transporter

Page 18, line 514: “Table S5 summarizes the enzymes or metabolic pathways related to
the biodegradation of organic acids in the two strains. Genes encoding formate
dehydrogenases were identified in both genomes, which is consistent with the observed
formate biodegradation. However, no known genes for oxalic acid biodegradation (Liu et
al., 2021) were found in the genomes of both strains, which suggested the presence of yet
to be characterized pathways that catalyzed the biodegradation. Interestingly, a protein
with Cupin 2 domain was found in both genomes. The Cupin superfamily consists of a
diverse range of enzymes including oxalate oxidase and oxalate decarboxylase that can
biodegrade oxalic acid (Burrell et al., 2007).

Only the E. hormaechei B0910 strain was observed to biodegrade malonic acid.
Interestingly, the malonyl-CoA-acyl carrier transcacylase observed in the E. hormaechei
pf0910 strain seems to be a fusion protein, which may render it ineffective in utilizing
malonic acid. Although no gene encoding maleate isomerase was identified in the genomes
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of both strains, the maleic acid biodegradation observed can be attributed to the activity
of other enzymes with broad substrates specificity (Hatakeyama et al., 2000). The genes
encoding for the small and large protein subunits that together form the 3-
isopropylmalate dehydratase, the enzyme that isomerizes 2-isopropylmalate to 3-
isopropylmalate, were found in both the Enterobacter strains. The small and large protein
subunits of this enzyme are homologous to the small (51% amino acid identity) and large
(59% amino acid identity) protein subunit constituents of maleate hydratase (HbzlJ)
from Pseudomonas alcaligenes NCIMB 9867 that converts maleate to D-malate (Liu et
al., 2015). Given the high protein homology, we speculate that the 3-isopropylmalate
dehydratase in the Enterobacter strains may have a broader substrate specificity than
known and it may be able to biodegrade maleate.

The lack of biodegradation of acetic acid, MSA, and glutaric acid in the experiments
could be partly explained by the genomic information. Both strains have genes that
encode enzymes involved in the biodegradation (Table S5) and associated uptake
transporters (i.e., acetate permease (ActP) and succinate-acetate/proton symporter (SatP))
of acetic acid. The lack of the corresponding biodegradation in the experiments could be
due to the low uptake of acetic acid by cells as ActP functions to scavenge low
concentrations of the compound (Gimenez et al., 2003) while SatP could be inhibited by
formic acid found in the cloud water medium (Sa-Pessoa et al., 2013). Genes encoding the
two-component alkanesulfonate monooxygenase for MSA biodegradation were found in
both strains, but they were likely not expressed as sulfur was not deficient in the cloud
water medium (Kahnert et al., 2000; Eichhorn and Leisinger, 2001), which is consistent
with the absence of MSA biodegradation in the experiments. While genes encoding
succinate-semialdehyde dehydrogenase/glutarate-semialdehyde dehydrogenase, which
display a reversible conversion between glutarate-semialdehyde and glutarate in the
KEGG database (Kanehisa et al., 2022), were found in both strains, to the best of our
knowledge there is no report of experimental results confirming that the reaction can go
in the reverse direction from glutarate to glutarate-semialdehyde. In addition, a study of
glutaric semialdehyde dehydrogenase reported the irreversible nature of the catalysis of
glutarate semialdehyde to glutarate (Ichihara and Ichihara, 1961). Thus, it is not
surprising that glutarate biodegradation was not observed for the two strains.”

4. Referee comment: “It is not clear at what time points the biodegradation rates were
calculated from experiments. Were [cell]experiment adjusted for accounting for the decrease
of survival? In this regard, it is indicated (line 428) that “a constant bacteria concentration of
8 x 107 cell L' was assumed in our calculations”. First, it has to be clear that this number is
the highest estimate of the actual active cell concentrations (i.e. 100% of active cells), as these
correspond to total cell numbers in the references cited, and second: it appears odd to consider
active cells constant in acidic clouds while at the same time presenting data showing that
survival and activity are affected. This aspect would need at least a bit of clarification and
discussion.”

Author response: The biodegradation rates were determined from fits to the organic acid
decays from reaction time 0 to 12 hours during each experiment (see Section 2.4). The referee
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is correct in stating that the assumed bacteria concentration (8 x 10’ cell L™!) in our calculations
of the biodegradation rates in cloud water is the highest estimate of the actual bacteria
concentrations (i.e., 100% active cells). There were no noticeable changes in the bacteria
survival rates under dark and illuminated conditions at pH 5.9, and under dark conditions at
pH 4.3. Thus, we did not adjust the bacteria cell concentrations for these three conditions, and
we assumed a constant bacteria cell concentration of 8 x 107 cell L! in our calculations for the
daytime scenario at pH ~5 and the nighttime scenarios at pH ~4 and ~5. Since there were
noticeable changes in the bacteria survival rates under illuminated conditions at pH 4.3, we
accounted for the lower bacteria survival rates in our calculations for the daytime scenario at
pH ~4 by multiplying the bacteria cell concentration of 8 x 107 cell L! by a factor of 0.75. This
factor was obtained by taking the average survival rates for the two strains from reaction time
0 to 12 hour in (Figure S13). This information, which was not included in the original
manuscript, will be added into the revised manuscript. The following changes were made to
the revised manuscript:

Page 20, line 565: “Figure 4 summarizes the measured biodegradation rates of the organic
acids for the two strains under dark and illuminated conditions at pH 4.3 and pH 5.9.
These biodegradation rates were determined from fits to the decays of the organic acids
from reaction time 0 to 12 hour in each experiment (Section 2.4).”

Page 22, line 627: “A bacteria concentration of 8 x 107 cell L' was assumed in our
calculations for the daytime scenario at pH ~5 and the nighttime scenarios at pH ~4 and
~5, which was the same bacteria concentration used in previous studies and represented
the highest estimate of actual live bacteria concentrations (i.e., 100% of metabolically
active cells) (Vaitilingom et al., 2011; Jaber et al., 2020; Jaber et al., 2021). Based on our
investigations of the survival and energetic metabolism of bacteria under illuminated
conditions at pH 4 to 5 (Figure 1), we expect the bacteria concentrations to gradually
decrease for the daytime scenario at pH ~4. Thus, for simplicity, we assumed a lower
bacteria concentration in our calculations for the daytime scenario at pH ~4, whereby we
multiplied the bacteria concentration of 8 x 107 cell L-! by a factor of 0.75. This factor was
obtained by taking the average survival rates for the two strains from reaction time 0 to
12 hour in in our experiments conducted under illuminated conditions at pH 4.3 (Figure
S13).”

5. Referee comment: “Besides survival, there are likely other aspects related with pH that could
be considered/discussed: how it modifies the form of the organic compounds studied (pKa) and
so their biological availability? Can this impact the solubilization and volatilization of the
organic compounds in clouds, and so their biological use in cloud droplets? Additionally,
different organic compounds were mixed together in the incubation medium. Was a
prioritization observed, i.e. were some substrates preferentially used over others? Your work
could provide valuable information here.”

Author response: As requested, we have added discussions about other pH-related aspects to
the revised manuscript. Based on experimental results, formic acid appears to be preferentially
consumed by the two bacteria strains used in our study. However, we do not know if this
observation can be extrapolated to other bacteria species. The following changes were made in
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the revised manuscript:

Page 18, line 502: “The biodegradation of seven organic acids (i.e., formic acid, acetic
acid, oxalic acid, maleic acid, malonic acid, glutaric acid and MSA) that were mixed
together were measured under dark and illuminated conditions at pH 4.3 and pH 5.9.
Only some of the seven organic acids were biodegraded by the two strains. Based on our
experimental conditions (liquid water content = 10'? pug m3, the density of water) and the
organic acids’ Henry’s law constants (Table S8), these organic acids will be in the aqueous
phase and are not expected to volatilize during these experiments. Thus, the observed
decays were due to bacterial metabolism.”

Page 24, line 689: “Fourth, our analysis only considers biodegradation and chemical
reactions occurring in the aqueous phase and ignores gas-aqueous phase exchanges and
gas-phase chemical reactions. Nah et al. (2018) previously showed that the gas-aqueous
phase partitioning of organic acids will depend on the organic acid’s Henry’s law constant
and acid dissociation constants, liquid water concentration, temperature, and pH (Section
S6). Figure S14 shows that a significant fraction of formic acid will be in the gas phase at
pH 4 and 5 under cloud water conditions, whereas all of oxalic acid, malonic acid, and
maleic acid will be in the aqueous phase at pH 4 and 5 under cloud water conditions. This
suggests that gas-phase chemical reactions will likely play an important role in consuming
formic acid, whereas the consumption of oxalic acid, malonic acid, and maleic acid will
likely mainly be through bacterial activity and chemical reactions in the aqueous phase.”

SI, Page 28, line 415: “Section S6. Gas-aqueous phase partitioning of monocarboxylic and
dicarboxylic acids

Meskhidze et al. (2003) and Guo et al. (2016) previously introduced the concept of
“S curves”, which describe how the pH of the aqueous phase affects the gas-aqueous
partitioning of acidic and basic species. It is assumed that the equilibrium between gas
and aqueous phases involves the dissolution of the acidic/basic species into the aqueous
phase, followed by the dissociation of the dissolved species. Assuming unity activity
coefficients, for monocarboxylic acids (HA, e.g., formic acid), the pH-dependence of the
molar fraction of HA in the aqueous phase (¢(HA(aq))) is described by the following
equation (Nah et al., 2018):

Hy,WRT(107PH + K,,) x 0.987 x 1014
0-PH + Hy ,WRT(10~PH + K,;) x 0.987 x 10-14

s(HA(aq)) = 1

where W is liquid water concentration (ng m=), Hpy, (mole L' atm™) is the Henry’s law
constants for monocarboxylic acid, K,; (mole L") is the first acid dissociation constant,
R is the gas constant (8.314 m? Pa K'! mol!), and 7 is temperature (K). The complete
derivation for e(HA(aq)) can be found in the SI of Guo et al. (2015).

Assuming unity activity coefficients, for dicarboxylic acids (H2A, e.g., oxalic acid,
malonic acid, and maleic acid), the pH-dependence of the molar fraction of H2A in the
aqueous phase (e(H,A(aq))) can eventually be simplified to the following equation (Nah
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et al., 2018):

Hy,,WRT(107P# + K,;) X 0.987 x 10~
10-P" + Hy 42WRT(107PH + K ;) X 0.987 x 1014

e(HzA(aq)) =

where W is liquid water concentration (ug m=), H Hoa(mole Latm™) is the Henry’s law
constants for monocarboxylic acid, K,; (mole L) is the first acid dissociation constant,
R is the gas constant (8.314 m® Pa K'! mol!), and 7 is temperature (K). The complete
derivation for £(H,A(aq)) can be found in the SI of Nah et al. (2018), which also
includes discussions of the assumptions made during the derivation process which will
lead to the disappearance of the second acid dissociation constant (K ,,) term during the
process of simplifying the equation.”
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Figure S14. Calculated pH-dependent molar fraction of formic acid in the aqueous phase
(e(HA(aq))) and pH-dependent molar fractions of oxalic acid, malonic acid, and maleic
acid in the agqueous phase (¢(H,A(aq))) under cloud water conditions (Section S6 and
Table S8). A liquid water concentration of 10® pg m= (Ervens et al., 2011) was assumed
in these calculations. A significant fraction of formic acid will be in the gas phase at pH 4
and 5 under cloud water conditions, whereas all of the oxalic acid, malonic acid, and
maleic acid will be in the aqueous phase at pH 4 and 5 under cloud water conditions (note
that their values overlap one another at e(H,A(aq)) = 1). These differences were due
primarily to the substantial differences in their water solubility (i.e., Henry’s law
constants) (Table S8).

Table S8. Acid dissociation constants and Henry’s law coefficients at 25 °C used to

generate e(HA(aq)) and €(H,A(aq)) S curves in Figure S14

Organic acid First acid Second acid Henry’s law
dissociation dissociation constant
constant (K ;) (mol | constant (K ,;) (mol (Hya or Hy,,)

L) L1 (mol L' atm™)




Formic acid 1.78 x 1074 Not applicable 9.53 x 103
(Haynes, 2014)

Oxalic acid 5.62 x 1072 1.55x107* 6.11 x 108
(Haynes, 2014) (Haynes, 2014) (Nah et al., 2018)?

Malonic acid 1.48 x 1073 2.04x10°° 3.85 x 1010
(Williams, 2022) (Williams, 2022) (Compernolle and

Miiller, 2014)

Maleic acid 1.26 x 1072 8.51x 1077 1.42 x 1010
(Weast and Astle, | (Weast and Astle, | (Lide and
1981) 1981) Frederikse, 1995)

*While we used the Henry’s law coefficient provided by Nah et al. (2018), it should be
noted that the authors obtained this value by taking the average of H¢,y,o, values
provided by Clegg et al. (1996), Compernolle and Muller (2014) and Saxena and
Hildemann (1996), and accounted for the effect of temperature using the equations
provided by Sander (2015).

6. Referee comment: “Absence of statistics: Statistically significant differences are mentioned
(L391 and elsewhere), but the tests used and the results are not specified; these should be.”

Author response: We used the Student’s t test in the statistical analysis. These results were
shown in Figure S12 of Supplement Information in the previous manuscript. We have added
information about the statistical analysis performed in the revised manuscript:

Page 20, line 581: “For the effect of artificial cloud water pH on the biodegradation of
organic acids by E. hormaechei B0910, the differences in the biodegradation rates were
statistically significant for the four acids (Student’s t test, p value < 0.05). Conversely, the
differences in the biodegradation rates of formate and oxalate as a result of light exposure
were statistically significant at pH 5.9 (Student’s t test, p value < 0.05). For the effect of
artificial cloud water pH on the biodegradation of organic acids by E. hormaechei pf0910,
only the difference in the dark biodegradation of oxalate was statistically significant
(Student’s t test, p value < 0.05). In contrast, light exposure reduced the formate
biodegradation rates significantly at both pH 4.3 and pH 5.9 (Student’s t test, p value <
0.05), and the oxalate biodegradation rate significantly at pH 5.9 (Student’s t test, p value
<0.05).”

SI, Page 13, line 106: “Figure S12. Biodegradation rates of oxalate, maleate, and malonate
by (a) E. hormaechei B0910 and (b) E. hormaechei pf0910 under light and dark conditions
at pH 4.3 and pH 5.9. Error bars represent one standard deviation from the mean of
biological triplicates. Statistical analysis was performed using the Student’s t test (ns: not
significant, *: p value < 0.05, **: p value < 0.01, ***: p value <0.001).”

7. Referee comment: “About modeling, the approach used is quite similar as early work
regarding the evaluation of the impacts of biological activity on cloud chemistry (e.g.
(Vaitilingom et al., 2011). This basically consisted in comparing the biodegradation rates to
radical chemistry rates. However, such a simplistic approach totally omits the main specificity
of cloud water, i.e. its distribution in droplets. This is my main concern regarding this work. Yet
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distribution in droplets has been shown to be a key factor in assessing the impacts of biological
degradation in clouds (Khaled et al., 2021), particularly because not all droplet contain
bacteria cells, and because water-air exchanges are critical in such systems. Therefore, the
predicted relative contributions of bacteria and radicals to the loss of organic compounds in
this work are ultimately valid only for the population of droplets containing bacteria cells, but
not for the entire cloud. This should be clearly stated and if possible, this part of the work could
be reevaluated.”

Author response: Our main goal for performing this simple analysis is to demonstrate that the
organic acid, cloud water pH, radical oxidant concentration, and time of day (i.e., daytime vs.
nighttime) will impact the relative contributions of bacterial activity vs. -OH/NO3- chemistry
in the aqueous phase. We agree with the referee that our approach is a little simplistic and omits
details such as the physical separation of cloud droplets containing bacteria cells from cell-free
cloud droplets and gas-aqueous exchanges. We have added a short discussion on the limitations
of our approach in the revised manuscript. We acknowledge that neglecting the physical
separation of cloud droplets containing bacteria cells from cell-free cloud droplets will lead to
an overestimation of the potential impacts of bacterial metabolism. Thus, we likely overstated
the competitiveness of bacterial metabolism in our original manuscript since we did not
consider the physical separation of cloud droplets containing bacteria cells from cell-free cloud
droplets. We have revised the manuscript to be more circumspect about the competitiveness of
bacterial metabolism vs. chemical reactions in degrading organic acids in the aqueous phase.
Our new calculations also showed that a significant fraction of formic acid will be in the gas
phase at pH 4 and 5 under cloud water conditions, while all of oxalic acid, malonic acid, and
maleic acid will be in the aqueous phase at pH 4 and 5 under cloud water conditions. This
suggests that gas-phase chemical reactions will likely play an important role in consuming
formic acid, and this is now clearly stated in the revised manuscript. The following changes
have been made to the revised manuscript:

Page 24, line 669: “Our simple kinetic analysis indicated that the organic acid, cloud
water pH, radical oxidant concentration, and time of day (i.e., daytime vs. nighttime) will
impact the relative contributions of bacterial activity vs. ‘OH/NO3- chemistry in the
aqueous phase. However, there are a number of caveats that should be noted. First, the
biodegradation rates used in this analysis were from experiments conducted at 25 °C,
which may be more representative of warmer regions during the summer (e.g., Hong
Kong and parts of South China). Slower biodegradation rates will likely be measured at
lower temperatures (Ariya et al., 2002; Vaitilingom et al., 2010; Husarova et al., 2011;
Vaitilingom et al., 2011), which will impact the relative contributions of bacterial activity
vs. ‘OH/NOs3- chemistry. Second, our analysis did not account for how the presence of
aqueous-phase oxidants (e.g., ‘OH in the daytime, NO3- in the nighttime) will impact the
survival and energetic metabolism of bacteria, which in turn will impact the relative
contributions of bacterial activity vs. ‘OH/NO3- chemistry. Third, our analysis did not
account for the physical separation of cloud droplets containing bacteria cells from cell-
free cloud droplets. Only a small fraction of cloud droplets will contain metabolically
active bacteria cells, and the bacterial metabolism cannot affect the composition of
organic acids in cell-free cloud droplets (Fankhauser et al., 2019; Khaled et al., 2021).
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Hence, only ‘OH/NO3- chemistry will govern the degradation of organic acids in cell-free
droplets. Consequently, not accounting for the physical separation of cloud droplets
containing bacteria cells from cell-free cloud droplets will result in an overestimation of
the overall contribution of bacterial activity to the biodegradation of organic compounds
(Fankhauser et al., 2019; Khaled et al.,, 2021). Fourth, our analysis only considers
biodegradation and chemical reactions occurring in the aqueous phase and ignores gas-
aqueous phase exchanges and gas-phase chemical reactions. Nah et al. (2018) previously
showed that the gas-aqueous phase partitioning of organic acids will depend on the
organic acid’s Henry’s law constant and acid dissociation constants, liquid water
concentration, temperature, and pH (Section S6). Figure S14 shows that a significant
fraction of formic acid will be in the gas phase at pH 4 and 5 under cloud water conditions,
whereas all of oxalic acid, malonic acid, and maleic acid will be in the aqueous phase at
pH 4 and S under cloud water conditions. This suggests that gas-phase chemical reactions
will likely play an important role in consuming formic acid, whereas the consumption of
oxalic acid, malonic acid, and maleic acid will likely mainly be through bacterial activity
and chemical reactions in the aqueous phase. Quantifying the exact contributions of
aqueous-phase bacterial activity vs. aqueous-phase ‘OH/NO3- chemistry vs. gas-
phase ‘OH/NO3- chemistry under different cloud water pH conditions will require a
multi-phase box model similar to the one used by Khaled et al. (2021). This is beyond the
scope of the current study but can be a subject of future studies.”

8. Referee comment: “L46: what are “microbiological-ecosystem interactions”? these are
likely not precisely atmospheric processes.”

Author response: This phrase has been removed from the sentence in the revised manuscript.
9. Referee comment: “L54: why “however”? there is no contradiction here.”
Author response: This word has been removed in the revised manuscript.

10. Referee comment: “L57: “The cell concentrations of metabolically active bacteria in
clouds typically range from about 10° to 10° cells mL'”: these are numbers for the
concentration of total bacteria, not only those metabolically active.”

Author response: We have removed the phrase “metabolically active” from this sentence in
the revised manuscript.

11. Referee comment: “L60-61: The authors should read the references that they cite, by far
not only culturable bacteria have been investigated in clouds: (Amato et al., 2017, 2019) rely
on molecular data (rRNA and rDNA), and reference could also be made to (Péguilhan et al.,
2021).”

Author response: We have revised this statement in the revised manuscript:

Page 2, line 66: “At present, our knowledge on bacterial communities in clouds are limited
to the few areas that have been studied (e.g., Puy de Déme in France, Mt. Tai in North
China) (Amato et al., 2005; Amato et al., 2017; Wei et al., 2017; Péguilhan et al., 2021).

Cultural bacteria typically makes up a very small fraction (about 1%) of the entire
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bacteria community in clouds (Amato et al., 2005).”

12. Referee comment: “L66: (Zhang et al., 2021) does not investigate microbiological-
chemical interactions but physical impacts of bioaerosols.”

Author response: We have removed the reference.

13. Referee comment: “L67: “Many bacteria species isolated from cloud water have the
enzymes needed to biodegrade organic compounds such as carboxylic acids, formaldehyde,
methanol, phenolic compounds, and amino acids”: is this specific of bacteria in clouds? All
bacteria carry at least some of the functions listed so this is a bit misleading.”

Author response: We have rewritten this sentence in the revised manuscript:

Page 3, line 84: “Many bacteria species have the enzymes needed to biodegrade organic
compounds. Some of the bacteria species isolated from cloud water could biodegrade
organic acids, formaldehyde, methanol, phenolic compounds, and amino acids (Ariya et
al., 2002; Husarova et al., 2011; Vaitilingom et al., 2011; Jaber et al., 2020; Jaber et al.,
2021).”

14. Referee comment: “L70: “the bacteria need to be metabolically active to biodegrade
organic compounds” is a Pleonasm”

Author response: This sentence has been removed from the revised manuscript.

15. Referee comment: “L74: “mimicking the Puy de Dome” e “mimicking cloud water
chemical composition at puy de Dome ™

Author response: We have made the requested changes in the revised manuscript.

16. Referee comment: “L90: “influence”: the fact that a link was found between these
parameters does not imply causal relationship.”

Author response: We have replaced the word “influences” with the word “impacts” in the
revised manuscript.

17. Referee comment: “L126: “suggested”? is the appropriate word? (Isn't the isolation of
strains factual?)”

Author response: We have replaced the word “suggested” with the word “reported” in the
revised manuscript.

18. L128: Referee comment: “Enterobacter is pathogenic”. Are all Enterobacter pathogenic?
Have these strains in particular been tested?”

Author response: This sentence has been removed from the revised manuscript.

19. Referee comment: “L 142: what sampling method was used? Give more detail about the
isolation of these strains.”



Author response: We have added the following information to the revised manuscript:

Page 5, line 167: “Two new strains (B0910 and pf0910) belonging to Enterobacter species
were isolated by exposing nutrient agar plates to ambient air in an urban environment
(22.3360° N, 114.1732° E) at the height of 50 m above sea level during the summer season
(~22 °C) in Hong Kong.”

20. Referee comment: “L137, 214 and elsewhere: MSA in not a carboxylic acid. Use relevant
terms. In addition, provide a reference for its concentration in cloud water (I did not find
mention of MSA in the papers cited).”

Author response: We have replaced “carboxylic acid(s)” with “organic acid(s)” in the revised
manuscript. One of the references we cited in the manuscript (Sun et al., 2016) reported that
MSA concentrations are in range of 0.1 to 3.41 uM.

21. Referee comment: “L238: “Control experiments were performed using solutions that
contained carboxylic acids but no bacterial cells.”: were this carried out for both light and
dark conditions?”

Author response: Control experiments were conducted under both light and dark conditions.
This information has been added to the revised manuscript:

Page 9, line 299: “Control experiments were performed under illuminated and dark
conditions using solutions that contained organic acids but no bacterial cells. The organic
acids did not degrade in these control experiments.”

22. Referee comment: “L247: “with normal functioning cells usually maintaining a constant
ADP/ATP ratio”: what is normal functioning? And this statement requires a reference.”

Author response: We meant “growing cells”, not “normal functioning cells”. We refer the
referee to our response to comment 23.

23. Referee comment: “L249: Specify what are ADP and ATP molecules, why these are
important in biological systems, and how their ratio relates with metabolic activity.”

Author response: We have added the following information to the revised manuscript:

Page 7, line 225: “The adenosine diphosphate/adenosine triphosphate (ADP/ATP) ratios
were measured using an assay kit (EnzyLightTM, BioAssay Systems) and a biolumineter
(SpectraMax M2e) to determine changes in the bacteria energetic metabolism.”

Page 9, line 305: “Figure 1 shows the survival rates and ADP/ATP ratios of the E.
hormaechei B0910 and E. hormaechei pf0910 strains over time under illuminated and
dark conditions at different artificial cloud water pH. The ADP/ATP ratio is used an
indicator of the bacteria’s metabolic activity and survival rate in this study. Growing cells
usually maintain a constant ADP/ATP ratio because whenever there is a decrease in
intracellular ATP production, its degradation product ADP will be resynthesized to form
ATP to maintain intracellular ATP concentrations (Koutny et al., 2006; Guan and L.iu,
2020). In contrast, when there is a disruption in the metabolism of ATP production, ATP
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cannot be resynthesized from ADP even though ATP is still converted to ADP, which will
cause the ADP/ATP ratio to increase (Koutny et al., 2006; Guan and Liu, 2020).”

24. Referee comment: “L281: “Both strains will likely not survive in pH < 4 cloud water during
the daytime and nighttime”. There should be a mention to time here. What is the timescale
considered? What is the half-life time at pH > 4 versus < 4?7

Author response: We have added the following information to the revised manuscript:

Page 12, line 361: “Based on our results, we estimate that the half-lives of the bacteria
strains in pH 4.3 cloud water under illumination conditions (e.g., light intensity,
wavelengths) similar to those in our study are around 430 min. The half-lives of the
bacteria strains in pH < 4 are cloud water are lower. Based on our results, we estimate
that the daytime and nighttime half-lives of the bacteria strains in pH 3.3 cloud water are
around 2 min.”

25.L295: not “production” of compounds, but “release”, since these are from cell lysis. Figure
3: Why have 2 distinct X axes? They seem to correspond directly to each other.

Author response: We have replaced the word “production” with the word “release” in the
revised manuscript. The lower x axes in Figure 3 are used for the stacked bar chart, which
shows the time evolution of the UPLC-MS TIC signals of the classes of compounds released
at five time points. The upper x axes are used for the time evolution of the survival rates and
ADP/ATP ratios at twelve time points. We found having a single x axis made it difficult to
display the results clearly since the time points at which samples were taken for UPLC-MS
measurements were different from those taken for survival rates determination and ADP/ATP
measurements. Thus, we decided to use two distinct x axes to display the above-mentioned
time evolutions clearly.

26. L351-359: It would be interesting to discuss more about the discrepancy between the
compounds released by cells during lysis and their composition: what are the proportions
expected of the different categories of compounds (i.e. what are these proportions in the
cellular material)?

Author response: As requested, we have added more discussion to the revised manuscript:

Page 16, line 429: “To better understand the compounds released by the two strains, the
O/C and H/C elemental ratios of the identified compounds were used to construct Van
Krevelen (VK) diagrams. Regions of the VK diagrams were assigned to eight chemical
classes based on the combined O/C and H/C ratios: lipids, unsaturated hydrocarbons,
condensed aromatic structures, peptides, lignin, tannin, amino sugars, and carbohydrates
(Table S4) (Bianco et al., 2018; Laszakovits and Mackay, 2022). Rivas-Ubach et al. (2018)
previously reported that the region of the VK diagram assigned to amino sugars overlaps
with the region for nucleic acids. Figures S8 and S9 show the VK diagrams for water-
soluble and water-insoluble compounds released by E. hormaechei B0910, respectively,
while Figures S10 and S11 show the VK diagrams for water-soluble and water-insoluble
compounds released by E. hormaechei pf0910, respectively. Majority of the water-soluble

18



and water-insoluble compounds released from both strains (50% to 60%) were assigned
as lipids based on their O/C and H/C ratios, while the second most abundant compound
class was peptides (10% to 20%). The two least abundant compound classes were amino
sugars/nucleic acids and carbohydrates. Since the dry matter of a typical bacterial cell
contains approximately 55% proteins and amino acids, 24% nucleic acids, 10%
carbohydrates, 7% lipids, and 5% inorganic minerals and trace elements (Watson et al.,
2007), the differences in the abundance of compound classes detected vs. the dry matter
of a typical bacterial cell indicated that cellular components were likely biologically
and/or chemically modified during and after cell lysis during exposure to light. For
instance, the large abundance of peptides detected could be a result of biological and/or
chemical modifications of proteins and amino acids, which comprise majority of the dry
matter of a typical bacterial cell. Peptide bonds are formed by biochemical reactions
where a water molecule is removed as the amino group of one amino acid is joined to the
carboxyl group of a neighboring amino acid. The large abundance of lipids was
unsurprising since lipids are the main component of cell membranes so large quantities
of lipids are expected from the lysed cells. Most of the lipid molecules released during cell
lysis may not have undergone biological and/or chemical modifications under our
experimental conditions. The two least abundant compound classes were amino
sugars/nucleic acids and carbohydrates. This was somewhat surprising since nucleic acids
and carbohydrates are abundant in the dry matter of a typical bacterial cell. It is possible
that these compounds were biologically and/or chemically modified to form other
compounds (e.g., exopolymeric substances) during exposure to light (Matulova et al.,
2014). In addition, the extraction procedure employed (Section S2) may not have
extracted these compounds effectively for analysis. For instance, nucleic acids and
carbohydrates are polar molecules, which are difficult to retain on the solid phase
extraction columns used in this study. These compounds may also have been poorly
separated in UPLC and/or inefficiently ionized by ESI.”

27. Referee comment: “L365.: Again, MSA in not a carboxylic acid.”

Author response: We have replaced “carboxylic acid(s)” with “organic acid(s)” in the revised
manuscript.

28. Referee comment: “L463-482: this not a conclusion but a summary.”

Author response: We have replaced the word “conclusion” with the word “summary” in the
revised manuscript.

29. L 487: Results from this study imply that there is a minimum cloud water pH threshold at
which the bacteria will survive and thrive in during the daytime and/or nighttime”. What is
that threshold? The data does not show the existence of a threshold per se, so this is a bit
overstated.

Author response: We have revised this sentence in the revised manuscript:

Page 27, line 742: “Results from this study imply the cloud water pH will impact the
bacteria’s ability to survive and thrive in during the daytime and/or nighttime.”
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