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Abstract

Organohalide-respiring bacteria (OHRB) play a critical role in the bioremediation of
halogenated pollutants. However, their activity is often compromised in naturally occurring
acidic environments that impose substantial physiological stress, with only a few OHRB
remaining functional. The mechanisms enabling these acid-tolerant OHRB to thrive under low
pH environments remain largely unexplored. Desulfitobacterium sp. strain AusDCA 1is one such
acid-tolerant OHRB, capable of respiring 1,2-dichloroethane to ethene across a broad pH range,
with dechlorination activity still observed at pH 5.0, though at a rate 86.9% lower than at pH 7.0.
Proteomic analysis revealed a shift in electron transfer strategy under acid stress at pH 5.5, with
downregulation of hydrogenases and upregulation of NADH-quinone oxidoreductase, suggesting
reliance on NADH as the primary electron donor. Other acid tolerant mechanisms to mitigation
of intracellular proton included the upregulation of decarboxylases, nitrogen cycling genes, and
basic amino acid production, as well as reduced ethanolamine consumption. Energy conservation
adaptation involved upregulation of nicotinate fermentation and downregulation of 3-
hydroxybutyrate production and flagellation. These adaptations enabled strain AusDCA to
maintain respiratory activities and support reductive dehalogenation under acidic conditions,

offering insights into microbial adaptation and potential strategies for low-pH bioremediation.
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10 40  Understanding the specific adaptations that enable survival and dehalogenation function in low
41  pH environments provides critical insights into the metabolic and regulatory networks of
15 42 organohalide-respiring bacteria, which can be leveraged to enhance the efficiency of

17 43  bioremediation in acidic sites.
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INTRODUCTION

The extensive historical use of halogenated compounds, such as trichloroethene and
dichloroethane (DCA), in various industrial and agricultural applications has precipitated their
ubiquitous distribution in the environment'-2. These compounds pose significant environmental
and health risks due to their recalcitrance, toxicity, and propensity to contaminate soil and
groundwater!-3-3. Organohalide respiration, a microbial process wherein certain bacteria utilize
halogenated compounds as terminal electron acceptors, has emerged as an environmentally
friendly and cost-effective approach for the detoxification of organohalide contaminants. These
bacteria, known as organohalide-respiring bacteria (OHRB) can reductively dehalogenate these
compounds, thereby transforming them into less harmful or non-toxic end products % 7. While the
majority of research on organohalide respiration has been conducted under neutral pH
conditions, contaminated sites often exhibit a spectrum of pH values, including acidic
environments.

In natural and contaminated aquifers, pH levels can vary widely, often ranging from \
acidic (pH ~5.0) in organic-rich or anthropogenically impacted zones to neutral or mildly
alkaline environments (pH ~7.0-8.0) typical of carbonate-buffered systems. Acidic conditions in
aquifers are more prevalent than previously recognized; for instance, nationwide surveys in the
United States have documented extensive acidification, with over 81% of wells investigated in
the Northern Atlantic Coastal Plain between 1988 and 2009 exhibiting pH values below 6.5 in
both surface and groundwater sources 8. Acidic conditions can profoundly influence the
metabolic activities of microorganisms, thereby directly impacting the efficacy of bioremediation
strategies for organohalide pollutants °-12. Elucidating the phylogenetic niches of acid-tolerant or

acidophilic bacteria capable of dehalogenating organohalide pollutants, as well as the
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1

2

2 71  mechanisms by which these microbes adapt to and thrive in acidic environments, can yield

Z 72 insights into their metabolic versatility and resilience, offering novel opportunities for

273 73  bioremediation.

9

1(1) 74 To date, a phylogenetically diverse array of organohalide respiring bacteria (OHRB),
:g 75  including genera such as Dehalococcoides, Dehalobacter, Dehalogenimonas, Dehalobium,
12 76  Geobacter, Desulfitobacterium, and Sulfurospirillum, as well as uncharacterized genera from
1

12 77  marine and engineered systems, have demonstrated the capability to respire a variety of

19 78  organohalide pollutants 13-4, However, the majority of these identified OHRB perform

22 79  dehalogenation predominantly under neutral conditions, with dehalogenation activity generally
24 80  abating at pH 6.5, or at most, pH 6 '-12. Only a few strains, including Sulfurospirillum strains
26 81  ACSTCE and ACSDCE, have shown the ability to partially dechlorinate tetrachloroethene to

29 82  trichloroethene or dichloroethenes at pH 5.5, and strain AusDCA was the only OHRB known to
31 83  dechlorinate 1,2-DCA to environmentally benign ethene via dihaloelimination under even more
33 84  acidic conditions (pH 5.0) ». These three strains represent the only known OHRB capable of

85  performing organohalide dehalogenation under acidic conditions. However, it remains unknown
38 86  how these OHRB survive and adapt to acidic conditions.

40 87 In this study, we aimed to explore the survival mechanisms and effects on organohalide
42 88  respiration of OHRB in low pH conditions, marking a pioneering examination of organohalide
45 89  respiration under acidic environment. We evaluated the dechlorination performance of strain

47 90  AusDCA across different pH levels. Subsequently, we identified the novel phylogenetic identity
42 91  of strain AusDCA through genomic analysis with its closest phylogenetic relatives. Additionally,
5o 92  we inferred the mechanisms enabling strain AusDCA to thrive in acidic environments via

54 93  comparative proteomic analysis conducted at pH 5.5 and pH 7.0. These findings from this study
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Figure 1. Dechlorination performance of strain AusDCA on 1,2-DCA. (a) Dechlorination
kinetics, (b) dechlorination rates, (c) cell abundance, estimated by dividing 16S rRNA gene
copy number by six, and (d) growth yield and doubling time across a pH range of 7.5 to 4.5.
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Figure 2. Phylogeny of strain AusDCA inferred by (a) 16S rRNA gene analysis and (b)
Average Nucleotide Identity (ANI) with its closest neighboring members from
Peptococcaceae family (i.e., Desulfosporosinus, Desulfitobacterium, Paradesulfitobacterium,
and Acididesulfobacillus). A :the 16S rRNA gene copies from strain AusDCA; *: the 16S
rRNA gene copy with a 164 bp insertion sequence; e: the strain identified as the closest

phylogenetic relative to strain AusDCA
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Figure 3. Differential proteomic profile of strain AusDCA at pH 5.5 and pH 7.0. (a) NMDS analysis and
(b) Volcanic plot (|fold change| > 1.5, p < 0.05).
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Figure 4. Schematic diagram of (a) 1,2-DCA respiration (H, is produced from pyruvate fermentation
process) and (b) reductive dehalogenase operon in strain AusDCA and (c) effects of pH on proteins

involved in 1,2-DCA respiration.
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Ifigure 5. Multiple mechanisms contribute to the adaption mechanisms to acidic environment. (a) Schematic representation of all the mechanisms
of protection against acid stress that occur in strain AUSDCA. Actively expelling protons out of the cell via (i) decarboxylation; (ii) H* consumption
m nitrogen cycling; (iii) less ethanolamine consumption; (iv) enhancement of synthesis of basic amino acids; macromolecules protection and repair
h (v) pyridine and purine biosynthesis and (vi) aldehyde dehydrogenase; (vii) proton cycling in NADH-quinone electron transport chain; (b)
differentially expressed genes involved in acid defense pathways.
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Figure 6. Energy conservation mechanisms under acid conditions. (a) Metabolic
pathways of upregulation of nicotinate fermentation and downregulation of 3-HB

production;(b) differentially expressed genes involved in (i) nicotinate fermentation, (ii)

3-HB production, and (iii) flagella assembly and motivation
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