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The biotin synthesis pathway in Mycobacteria tuberculosis is a new
target for the development of anti-tuberculosis drugs
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Abstract: Mycobacterium tuberculosis, responsible for tuberculosis (TB), remains a major health problem
worldwide and is one of the infectious diseases causing increased morbidity and mortality worldwide. Biotin,
namely vitamin H, is an important cofactor necessary for fatty acid biosynthesis, gluconeogenesis and amino acid
metabolism in organisms including Mycobacterium tuberculosis. Due to its inability to ingestion biotin from
outside, Mycobacterium tuberculosis can only obtain biotin through biotin biosynthesis. Different from the
classical BioC-BioH, Biol-BioW and non-classical BioZ pathways, Mycobacterium tuberculosis synthesized biotin
by "BioC-BioH(2)" pathway in the early stage. This review focuses on the unique biotin synthesis pathway of
Mycobacterium tuberculosis and its key genes, especially the response of this pathway and biotin-dependent
carboxylase to tuberculosis first-and second-line drugs, as well as inhibitors and natural products targeting biotin
synthesis.

Key words: Mycobacterium tuberculosis; biotin; biotin-dependent carboxylase; biosynthesis; first-line and

second-line anti-tuberculosis drug

EEZ O BT R R 5 RS ) G5 A% 09 72 5 — K AR e
AT, R R BREFBOU T R R R, KA R
P T30 .t AR H SUR A 2022 44 Bk
SRR e Y, T 25 SR AR R Bk A L DR S

ek H #: 2023-09-08; & [l H3#: 2023-10-19.

FEETH: H X 8RR RBITE (82072246).
BT Tel: 86-23-68253392, E-mail: georgex@swu.edu.cn
DOI: 10.16438/j.0513-4870.2023-1040

ML, 75 RIFIIRST T MAA/ESR — 2 ZEH . &4 M1k,
HEAT A2 30 NS R A E R 22—, BAURTENE
FVEQ FE J& PU T, R ube 45 020 1 iE e 20 A 52 421

W E, B 4EA: R H B4 A R BT, XK ONEHEE R,
122 2 FR A (3aS,48,6aR)-75 A -2- AR -1-EW; I [3,4-d]
WK W -4- TR, & 45 4% 43 T T AR A AN B0 M P b 7
o 1901 4 A9 3 KR BB % Bk 2 “Bios”, AMITIA N



- 504 - %% % Acta Pharmaceutica Sinica 2024, 59(3): 503-510

& — A T B (1) 5k A 5 77 8 o 1 R SN A AR A AR KA
T, FHA TR (CH,N,0,8) A KR 5T 1941 4
11942 %4 du Vignaued i g . AR H—A
IR A AR | — A DU S0 Wy A T — A TF 3 R ) % 4 B, 431
N 24431 grmol”, Wl A R T AR, A 5 IR
P . BAMI RS A 3AFHRIE T, Ger~ 4 8 Fpm]
Re M SLAR SR A . SR, A RIRAFAE B -4
REAHERENY. EMEEARUBENHE, 25
JIE 7 R A2 P B W e A R B R R AU S R R R
R R AN I RAAE Y. AR Z A RS S
I 164 5 Tk PR B ALK, A AR W S DR 40, L R RE E Y
M 3 [R] (1) AR BT A 40 M A0 75 ZE AR 3R, (R L3
VB S HARES R, SRR R B A A Y AR
RS AEM RS AR N RS = A%, W RE2 5]
R B 28 Wt R B IR AR R 2 A LR
FRIE S e )L o T 400

3 TR B 24 L — b B A VR T O )
VB B, W T 45 4% 0 B BRI 25 1, IR H 2 1
TR RGN S BT R A 250 24 E
JoR AR AR G 5 BT, T 7R K W 3R A R R R A 50 N R
KR T o KA AR AR B B . VR B 45 4%
G3 R BT i 7 R A M s A%, 8 I e B AR
P 45 7% 3 BOFE R 25 W 0 3k, 5 43 IR T AR D6 R
(a0 =% H i A B8 1) 1T LAE IR 97 8 IR PR 45 1% 0 BT
PR L 25 (1) B Yo A3 ST TR R AT A DA TR Tk
Filg A DR R AR, X Gy AR H S P T L A i A R AL
fiff (acetyl-CoA carboxylase, ACC) 4L if. & ACC #B
W T4 R 7 AR P 2 AT B B S 1B, A Re RS A TR
PR PRk, BHLIBT A K 2B 3 B AR A R E AR P 2R AL
A T Be M) o3 BT B T IR B AR A s AR
V2= A R B 22 ™ B RS S5 4% 7 B B ARG, BRI
B G2 B BBk Z B8 AN AE ) B I = R A
wH, REEES A S A REMER. BERNNEDER
e AR AR B FE 9 803 70 KM b, (B A el o6
MAOR#isEAmA, &b AR EYE K
X G5 A% 43 BORT B SR 2 6 AN T /b 1, K BT i
ME R Z—
1 PEFEEPREHER

AR A R B RTI R, TV RHT AR BE R
P9t CoA, FIMIL B — % Bk CoA TE A 2% (K 1AM,
K45 A5 TR ik B 2 00T TR RN BROIR 2 6 A TR 55 4 B
LR G REEH R 2, P2 MmN =E
BCHE RUE BRI\ T« AR ER G B2 KB N s
i) BioC-BioH & 1% . Biol-BioW i& 12 J dE £ 8L [f] BioZ
WAL . KB WAV R 16 & 12 8 BioC-BiH &

%, 254 % & B 5 A $E bioB- bioF « bioC
bioDbioA Fl bioH. HEZF HIM B AR A kit
Biol-BioW & 12, F B Z 54 W) & & B 2 K 45
biol.bioB.bioD.bioF bioA F1 bioW" ), o-AF 40t A At
FEMY 52 ] “BirA-BioR” 7t & 4t 11 i 4% I hioBFDA/Z
FERFE, B BioZ #4201,

Y RFE R AR R B T A O T Sk B R, 4
1% 73 B FF 16 47 1E BioC 1 BioH [7] £ 4, 1l 45 4% 7 B
FF 1K F 5 Kl 5 4 6 A IR 9@ 42 B i AR A 12020,
AR W, 158 B BRI CoA # BioC (O-H1 %
) FEAL, AR IR, AR A R A KT TR
B B W) BB, 7R AR B TR CoA FY IR, P ) 19
CoA W EEfiE B /5 1 BioH (FRIR IR 7K fift, A 1l P 4 1t
AR CoA, HI T2ERLAM R, o HATH A ER & K
5 — K B BioH A 3 R A T, A0 HATHAEM RS
B BRI B B ST T “BioC-BioH(n)” 1242 (n, 454 %)
FEAT RN 2, RSG5 % 0 AT B8 D 3) . 2R TCAE ) & AT 47
AN R, HIX 44N [N AEfCAE Y AR ) s R
SF, T 5 BT R B R CoA A L-TH S BR LE 5- B IR Mt e s
K6 (¥ 1 BioF (7--8-2 2% T2 & ¥, KAPAS) fEH T
A= R 7- T -8- 2 % I R (KAPA) ™Y 4R J5 BioA f# 1L
KAPA 5 S- I HH M AR (7,8- — & 2% LR &M,
DAPAS) A= ik 7,8- — 2 5 % 8 (DAPA)™; Bl J5 DAPA
7E BioD (M i £ %) & 4 A, DTBS) ¥ f# 4k T~ 9 4
ATP & iR A= ¥ & (DTB)Y; #i¢ & BioB (“EMI & & 1k
fiff) K DTB # 1L R E &7,
2 EYEARERITINEZ YA N

A ) 250 45 A 0 KR TR AR KRN B0 1 -y B
TE 85 1% 73 B R 1 5 AN B e B Bt O 4 F U250, 4R
MRS IR E B PUAE B R TR . 5%k
MW 2542 G R B R e e ik b HES) an &
1B. H:H bioA bioF1.bioD DL K INREAR FI rvI571 41
FAR ST RN TP, bioC FE R A7 T iZ 8\ T 1 L iF4)
1.7 Mbp 4&b; %9\ 1 R £ 2 kbp &b 52 bioB FEH, iX
2 kbp # I\ N W 4 phiRv 1 I35 A5 7152 bioH 1 3
IR bioH2 % R 43 B2 T bioB £ R R i 1.7 Mbp 4k L
J bioC %: [ 0.7 Mbp 4, bioH1 % [K F1 bioH2 F£ X 5
bioC A AR IAE H, 5247 57 B R 1 & i

Ft S E (isoniazid) 72 &5 4% W6 16 97 [ — £k 254, #1)
1) 225 A% 43 A5 T T 400 R A R TR 1) A R S kA
N bioA JE K (Rv1568) Fik i 2.5 fi (bR E L
10)%7, Z.% S M K% (ethionamide) A5 MR 1 7 2E
W, R GERGITRIRTT T 2R 250, SRR — RE 0 4 H1)
Y B el T R 1 A BRSO bio A JE IR AR AL FE R B
4.1 1% . PA824 (pretomanid) T 2019 4E #{ 55 [F FAD it



i p: S i e S g .
TR MRS 250200 B B LR & IS R R ST 45 4% B 25T A HRHTHE 1 505
A C
[}
0O O N SN Rv1568/bioA Il
Co. [0}
A\s)j\/u\ou H-z H RviseopioF1 "
Malonyl-CoA " COOH I !
ST Rv3171c/hioH1 *7
Biotin
25 dAH'j\ Rv1570/bioD
BioB (Rv1589)
2SAM Rv0089/bioC
Malonyl-ACP (0]
NH Rv0032/bioF2
SAM Mcooﬂ . Rv0646¢/bioH2
) BioC (Rv0089) Dethiobiotin (DTB) .
SAH Rv1589/bioB
Pi+ADP « 4
7 BioD (Rv1570) & > & & <& & && S @
CO-+ATP RLEF o &7
KS V\Q (f‘ W
Ha] I\
D
COOH
Malonyl-CoA methyl ester
3
Oor o 7, 8 Dlam.mopelargomc acid (DAPA) Rv2247/aceD6 If
AMTB 4
ACP. -
\SJJ\/IL()(‘H: ‘>TB10A (RV1568) Rv3280/accD5 If
Malonyl-ACP methyl ester
M COOH Rv2967c/pca
7-Keto-8- ammopelargonlc acid
) Rv3285/accA3
L
COz+CoA CO2+ACP
7 BioF (Rv1569, Rv3281/accE5
i Rv0032,
o o BioH L—A(l)amne Vi )
ACP_ JJ\/\/\/U\ (Rv0646¢c, Rv3171c) ACP )J\/\/\/U\ Rv3799/accD4
S OCHs " Ng COOH
Pimeloyl-CoA methyl ester HO  CHOH Pimeloyl-CoA <& o“z' :;,\‘ «‘lﬂ' ‘O\rb 4 ‘;.Q’V
" \\q;\ @\o/ é& R
B ; =~0.7 Mbp =1 Mbp phiRv1 _ =~ 1.7 Mbp =~ 0.1 Mbp
5 594 bp l 906 bp } 1314 bp 1161 bp 681 bp 1 050 bp 900 bp l l 801 bp 3
Rv0089 Rv0646¢ Rv1568 Rv1569 Rv1570 Rv1589 Rv3171c Rv3279c
bio( bioH2 bioA bioF1 bioD bioB bioH1 birA

Figure 1 Biotin metabolism pathway of Mycobacterium tuberculosis and the response of its coding gene to drug therapy. A: Synthetic

pathway of biotin in Mycobacterium tuberculosis; B: Genetic map of biotin biosynthetic pathway genes in the genome of Mycobacterium

tuberculosis (not to scale); C: Response of gene expression of biotin synthetic pathway to first- and second-line drugs treatment of tuberculosis.

Tet: 5-10 pg-mL"' tetracycline; Eta: 12-40 pg-mL" ethiopiamine; TLM: 0.1-0.2 mg-mL" thiolactomycin; Methoxatin: 10-20 pg-mL"

pyrroloquinoline quinone; Cerulenin: 0.32-5 pg-mL" pale blue colistin; INH: 0.2-0.4 ug-mL" isoniazid; Min_med: Minimal medium with
succinate as sole carbon source as compared to growth in 7H9/ADC/Tween/glycerol; PA824: 0.2-2 pg-mL" PA824; TRZ: 10-25 pg-mL"

thioridazine; Menadione: 6—10 ug-mL" naphthoquinone, or vitamin K3; D: Expression of gene encoding biotin-dependent carboxylase in

first- and second-line drugs treatment of tuberculosis
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accAl Rv2501c¢ Acetyl-/propionyl-CoA carboxylase alpha chain (alpha subunit) AccAl
accA2 Rv0973c Acetyl-/propionyl-CoA carboxylase alpha chain (alpha subunit) AccA2
accA3 Rv3285 Acetyl-/propionyl-CoA carboxylase alpha chain (alpha subunit) AccA3
accD1 Rv2502¢ Acetyl-/propionyl-CoA carboxylase (beta subunit) AccD1
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accD6 Rv2247 Acetyl-/propionyl-CoA carboxylase (beta subunit) AccD6

accE Rv3281 Acetyl-/propionyl-CoA carboxylase (epsilon chain)

pca Rv2967¢ Pyruvate carboxylase
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