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More than 1000 steroid structures have been
found In nature
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Steroids are exclusively pro‘duced by eukaryotes
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Adverse effects of steroid hormones on aquatic
ecosystems

Journal of Applied Ecology 2014, 51, 582-591 doi: 10.1111/1365-2664.12237

The development and
reproduction of individuals

An environmental oestrogen disrupts fish population
dynamics through direct and transgenerational effects
on survival and fecundity
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Research on endocrine disruption in frog populations, such as ‘We compare ponds in landscapes ranging from highly (
shifts in sex ratios and feminization of males, has predominantly  suburban backyards to undeveloped forests (Fig. S1), an|
focused on agricultural pesticides. Recent evidence suggests that  on sex ratios of green frogs (R. clamitans), which inhabii
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Steroid-mediated gut microbe-host interactions
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We aim to answer the following guestions:

& How many steroid catabolic pathways are still undiscovered?

& How do bacteria metabolize steroids in oxygen-limited or oxygen-

fluctuating environments?

& What kinds of microorganisms are responsible for steroid

metabolism In anaerobic ecosystems?

& Do sex steroids play a role in microbe-host interactions?



A pioneering and leading group in anaerobic steroid metabolism
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microbial biotechnology

Minireview

Microbial degradation of steroid sex hormones:
implications for environmental and ecological studies
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Summary

Steroid hormones modulate development, reproduc-
tion and communication in eukaryotes. The wide-
spread occurrence and persistence of steroid
hormones have attracted public attention due to their
endocrine-disrupting effects on both wildlife and
human beings. Bacteria are responsible for mineraliz-
ing steroids from the biosphere. Aerobic degradation
of stercid hormones relies on O, as a co-substrate of
oxygenases to aclivate and to cleave the recalcitrant
steroidal core ring. To date, two oxygen-depandamt
degradation pathways — the 9,10-seco pathway for
androgens and the 4,5-seco pathways for oestrogens
- have besn characterized. Under anaercbic condi-
tions, denitrifying bacteria adopt the 23-seco path-
way to degrade different steroid structures. Recemt
meta-omics revealed that micreorganisms able to
degrade stercids are highly diverse and ubiquitous in
different ecosystems. This review also summarizes
culture<indapendant approaches using the character-
istic metabolites and catabolic genes te monitor ster-
oid biodegradation in various ecosystems.
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Introduction

Thus far, more than 1000 different stercids are found o
raturally occur (Haubrck and Assmann, 2006, Hannich
a a, 2011; Valiiova ef al, 2016; Zubair ef al, 2016
Stley & al, 2017, Stonk and Stonlk, 2018), including
commonly distibuted stercls (e.g cholesterol, phylos-
terals and ergosterd), sterold homones (eg. 170
oastradiol, progesterone and testostencne) and bile ackls
(8. cholic acld) (see Fig. 1 for the common steroid
structures). A remarkable chamacterstic of swerods is
their extremely low aqueous solubility; that is, cholesterol
has a maximum solubiity of 4.7 pM (=1.8 mg I=') in
aquecus solutions (Haberland and Reynolds, 1973). The
aquecis solublity of sterold homones is also extremely
low; for axampla, in neutral aqueous sdutions, the solu-
bility of natural cestrogens [e.g. cestrone (E1) and 17-
oastradiol (E2)] ks appraximately 15 mg ™" at rom Bm-
perature (Shareef of al, 20068), whereas the experdmen-
tal  aquecis solubllity of testosterone can  reach
23 mgl~" at 25°C (Barry and El Eini, 1576). Similarly,
the synthetic 17x-ethynyloestradicl (EE2) also has a low
solubility in water (4.8 mg I at 20°C) (Ans at al, 2014).

In animals, cholestarol ks the precursor of all classes
of sterckd hormones, namely glucocoicokds, minerals-
comicolds and sex homones (androgens, ocestrogens
and progestogens). The blosynthesis of sterckd hor-
monas involves the elimination of the cholesterol side
chaln and hydroxylaion of the stercld nucleus (Ghayee
and Auchus, 2007). All these hydroxylaion reactions
requine NADPH and moecuar oxygen; thus, steroid
blosynthesls only occurs in the aeroblc blosphere.
Among sex sterckds, progestogens (such as protes-
terona) function in preparing the lining of the utens for
implantation of an ovum and are also essential for main-
taining pregnancy. The bloransformation of proges-
terone into androgens includes a hydroxylation at C-17
and the subsequent cleavage of the side chain. Andro-
gens regulate the development and mainenance of male
characteristics in vensbrates, and the major androgans
raturally produced in males amre testostercne, dhy-
drotestosterone  and  androstenedione  jalse  named
androst-4-en-3,17-dlone, AD) (see Fig. 1 for structures)
(O'Connor et al, 2011). Oestrogens ane responsible for

@ 20198 The Authors. Microbial Bio tschnology published by John Wiley & Sons Lid and Society for Applied Microbiology.
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Potential applications of the id-metabolizing
anaerobes In prostatic cancer polycystic ovary
syndrome (PCOS; BIE 2 EfiF)
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Gene clusters of strain GDN1 for androgen catabolism
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Administration of Thauera sp. strain GDN1 into mice
gut through oral gavage

NaNO; in drinking wa&er
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1x basal medium
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Thauera sp. strain GDN1 administration reduced
the serum testosterone level in male mice
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Strain GDN1 mainly colonized in mice caecum,
In which enterohepatic circulation occurs
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Characteristic androgen metabolites were
Identified in mouse fecal extracts
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