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steroidal compounds. Compared with the “diosgenin-dienolone” Mycobacteria
transformation has the advantages of abundant raw materials, cost-effective, short reaction
route, high yield and environmental friendliness. Based on genomics and metabolomics, the key
enzymes in the phytosterol degradation pathway of Mycobacteria and their catalytic
mechanisms are further revealed, which makes it possible for Mycobacteria to be used as
chassis cells. This review summarizes the progress in the discovery of steroid-converting
enzymes from different species, the modification of Mycobacteria genes and the overexpression

of heterologous genes, and the optimization and modification of Mycobacteria as chassis cells.

route,

Keywords: Mycobacterium; chassis; bioconversion; steroid medicine
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Figure 1

Pathways of phytosterol catabolism in Mycobacteria. I : Pathway of sterol side-chain degradation.

II: Pathway of sterol core degradation. 1: Monooxygenase; 2: Acyl-CoA ligase; 3, 7, 11: Acyl-CoA dehydrogenase;

4, 8, 12: Acyl-CoA hydratase; 5, 13: Acyl-CoA thiolase; 6,
17B-hydroxysteroid dehydrogenase.

dehydrogenase; 14:

10: B-ketoacyl-CoA-thiolase; 9: B-hydroxyacyl-CoA

a: Cholesterol oxidase or 3B-hydroxyl steroid; b:

3-ketosteroid-A'-dehydrogenase; c: 3-ketosteroid-9a-hydroxylase; d: 3-HSA monooxygenase; e: 3,4-HSA dioxygenase;

f: 9-DSHA hydroxylase.
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Table 1

Genomic information of typical Mycobacteria

Mpycobacterium strains GenBank No. Genes CDS Sequencing technology

M. neoaurum HGMS?2 CP031414.1 5133 5078 Ilumina HiSeq; PacBio RSII
M. neoaurum ATCC 25795 JMDW00000000.1 5247 5195 IMlumina HiSeq

M. neoaurum NRRL B-3805 CP011022.1 5065 4 844 Ion Torrent; Sanger

M. smegmatis mc* 155 CP009494.1 6 730 6 661 Illumina HiSeq 2000

M. tuberculosis H3TRv AL123456.3 4062 3997 Sanger

M. neoaurum VKM Ac-1815D CP006936.2 5140 5085 Ifllli‘ér:(llna GAILx; Illumina

M. neoaurum VKM Ac-1817D CP009914.1 6 043 5691 Illumina HiSeq
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C11a-OH: Eplerenone, norethindrone

C11B-OH: Hydrocortisone, nexamethasone, betamethasone

C90-OH:
Important intermediates in the synthesis of
(C9-halogenated glucocorticoids

C19a/p-OH:
Norethindrone, mifepristone, tibolone

C1,2-dehydrogenation:
Prednisolone. metandienone

C3p-OH:
Dehydroepiandrosterone, estrone

C4-OH: Formestane

C4,5-reduction:
Su-dihydrotestosterone, metenolone
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Figure 2
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HoAb ) B b e AR 22 6 B AU, (B2 i

‘ﬁ*ﬁ“{)flﬂféﬁfﬂ, DL ST B o 35 A TR 4K R

H KstD [ C-1,2 i SR 0 & T HAl 4
14 B S
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R T — 2 1R 2 56 A0 5 [ 9 o- 56 5 1L g
(KSHs)], %M B4 KshA FEk AL 5
W JEf KshB AU, B 5 3-fH-AT- i

C17u-OH: Hydrocortisone, 17a-hydroxyprogesterone
C17p-OH: 17B-estradiol, boldenone

18 R, C16a-OH:
Triamcinolone acetonide, estriol

J' C15a-OH: Triamcinolone, gestodene

C14a-OH: Proligestone

C7a-OH: 704-OH-DHEA., chenodeoxycholic acid
C7B-OH: Ursodeoxycholic acid

C6u-OH: Fluticasone, methylprednisolone
Cop-OH: 6p-hydroxyprogesterone, fluocinolone

Important structural modifications in steroid drugs.

Table 2 Types of reactions catalyzed by steroid dehydrogenases

Dehydrogenases Reaction site Substrate Source

KstD2 C-1,2 AD M. neoaurum DSM 13815¢)
KstD211 C-1,2 AD M. neoaurum HGMS2!'®
MsKstD1 C-1,2 Hydrocortisone M. smegmatis mc? 15557
KsdD3 w2994 C-1,2 AD/Testosterone Arthrobacter simplex[40]

PrKstD C-1,2 Hydrocortisone Propionibacterium sp.7)
KstDsgor C-1,2 Androst-4,9(11)-dien-3,17-dione Gordonia neofelifaecis™"
A*-KstD C-4,5 5a-androstane-3,17-dione Rhodococcus jostii RHAI™Y
KstD (AcmB) C-1,2 Cholest-4-en-3-one/AD Streolibacterium denitrificans'™®!
NVD C-7,8 Cholesterol Drosophila melanogaster'*¥

http://journals.im.ac.cn/cjben
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Figure 3 Ring-opening reactions in phytosterol degradation pathways. AD: 4-androstene-3,17-dione; ADD:
1,4-androstadiene-3,17-dione; 9a-OH-AD: 9a-hydroxy-4-androstene-3,17-dione; 3-HSA: 3-hydroxy-9,10-
secoandrost-1,3,5(10)-triene-9-dione; KstD: 3-ketosteroid-A'-dehydrogenase; KSH: 3-ketosteroid-9a- hydroxylase.
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Table 3 Types of reactions catalyzed by steroid hydroxylases

Hydroxylases Reaction site Substrate Source

CYP509C12 11a-OH AD Rhizopus oryzael*”

CYP5311B1 11a-OH 16,17a-epoxyprogesterone Absidia coerulea AS3.65P
CYP68J5 11a-OH 16,17a-epoxyprogesterone/Dethylgonendione  Aspergillus ochraceus TCCC412"
CYP103168 11B-OH RSS/DOC Curvularia lunata™®
CYP5311B2 118-OH Hydrocortisone Cochliobolus lunatus™

P-450,, 140-OH AD Cochliobolus lunatus'™®
KshA/KshB 9a-OH AD M. neoaurum HGMS2!'®!
TcP450-1 19-OH Cortexolone Aspergillus oryzae NSAR1P#
CYP109B1 15p-OH Testosterone Bacillus subtilis 1685
CYP105A1 25-OH VD; Streptomyces griseolus[ss]
AaeUPO 25-OH 1a(OH)VD; Agrocybe aegerital®”

CYP107D1 7B8-OH Lithocholic acid Streptomyces antibioticus™™
CYP109E1 16B8-OH Testosterone Bacillus megaterium DSM3195%
CYP154C5 160-OH Progesterone Nocardia farcinica IFM 10152[5%
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