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Abstract: Alkenes, unsaturated hydrocarbons with carbon-carbon double bonds, are emitted in
large quantities through both natural and anthropogenic processes. These compounds exhibit
diverse functions and characteristics due to variations in their structures. Ethylene, for instance,
is a crucial regulator of plant growth, while propylene serves as the primary raw material for the
industrial production of polypropylene and acrylonitrile. However, some alkenes pose
environmental and health risks. 1,3-butadiene, used in the manufacturing of synthetic rubber
and plastics, is a known carcinogen. Isoprene, the most abundant non-methane biogenic volatile
organic compound, significantly impacts global climate change. Microorganisms play a critical
role in the environmental fate of alkenes by mediating their degradation and transformation.
Understanding these microbial processes is essential for elucidating the flow of alkenes in the
environment and their impacts on geochemical cycles. Furthermore, this knowledge holds great
promise for the bioremediation of alkene-contaminated sites. This paper comprehensively
reviews the aerobic and anaerobic microbial degradation and transformation mechanisms of five
prevalent short-chain alkenes: ethylene, propylene, butene, 1,3-butadiene, and isoprene.
Alkene-degrading strains are widely distributed across multiple phyla. Despite the structural
differences among alkenes, their microbial degradation pathways share common features. For
example, under oxic conditions, short-chain alkenes are typically oxidized by alkene
monooxygenases, the products of which are then conjugated with coenzyme M or glutathione.
After a series of enzymatic transformations, they ultimately enter the central metabolic
pathways of microorganisms. Under anoxic conditions, short-chain alkenes can be transformed
by acetogens, methanogens, and other microorganisms Via hydrogenation reactions. By
elucidating the mechanisms of microbial degradation and transformation of common short-chain
alkenes, this study emphasizes the crucial role of microorganisms in bioremediation efforts at
alkene-contaminated sites. Moreover, it contributes to a deeper understanding of microbial
influences on geochemical cycles and global climate change, ultimately promoting sustainable
development and efficient resource utilization.

Keywords: microbial degradation; short-chain alkenes; ethylene; isoprene; 1,3-butadiene;
anaerobic microorganisms
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Figure 1 Aerobic biodegradation pathways of ethylene and propylene!!**!l. Red highlights the bond that
will be broken in the next reaction step; Light green highlights the newly formed bond in the reaction step;
Dark blue arrows indicate the aerobic biodegradation pathway of ethylene; Pink arrows indicate the aerobic
biodegradation pathway of propylene. Al: Ethylene monooxygenase; A2: CoM-transfer; A3: SDR family
alcohol dehydrogenase; A4: 2-ketoethyl-CoM oxidoreductase/carboxylase; AS: Bifunctional aldehyde/alcohol
dehydrogenase; A6: Acetyl-CoA transferase; A7: Acetyl-CoA reducing decarboxylase; B1: Propylene
monooxygenase; B2: CoM-transferase; B3: Hydroxypropyl-CoM-dehydrogenase; B4: 2-ketopropyl-CoM
oxidoreductase/carboxylase; B5: Unknown enzyme.
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Figure 2 Anaerobic biotransformation pathways of selected alkenes and involved microorganisms.
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Figure 3 Aerobic biodegradation processes of isobutene and 2-butenel?>*%l. Green arrows: The aerobic
degradation processes of isobutene; Brown arrows: The aerobic biodegradation processes of 2-butene; MTBE:

Methyl tert butyl ether.
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= >/ \/* > NN,
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e N r—\ \CH? r—\ - -
H 0 H H H H
| ” Undetermined o- SG \C‘—C/ GMB dehydrogenase ;  sG \ C/
H—— C —— C——5-CoA g \ /

Acetyl-CoA

B 4 RERTHNERENEREE RIS
g 2- TR A2 -3 T M

H m o/ \c 8
GMBA

HGMB f 1-33&
GMBA hy 2-Jfi 3 -2-H JE-3- T I iR i

Figure 4 Pathway and enzymatic mechanisms involved in the aerobic biodegradation of isoprene

\, ——— /TN

{—\ / \c1 I

NADH+H NAD
GMB

2B HE-2-FH E-3-T 44 ;. GMB

[89-91]

HGMB: 1-hydroxy-2-pentylthio-2-methyl-3-butene; GMB: 2-pentathio-2-methyl-3-butenal; GMBA: 2-pentathio-

2-methyl-3-butene ester.
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Figure 5 Phylogenetic tree of alkene-degrading bacteria constructed based on 16S rRNA gene sequences.
Dark blue texts: Anaerobic organism category; Orange triangles: Strains with the ability to degrade ethylene;
Purple triangles: Strains capable of degrading butene; Light blue triangles: Strains that can degrade propylene;

Green triangles: Strains able to degrade isoprene; Golden triangles: Strains with the ability to degrade
1,3-butadiene.
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