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Ligands of TetR family transcriptional regulators: a review
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Abstract: TetR family transcriptional regulators (TFRs) are widely distributed in bacteria and archaea, and the first
discovered TFR was confirmed to control the expression of tetracycline efflux pump in Escherichia coli. TFRs can bind DNAs
and ligands. Small molecule ligands can induce conformational changes of TFRs, inhibiting or promoting TFRs to control
target gene expression. Currently, TFRs have a wide variety of ligands, including carbohydrates, proteins, fatty acids and their
derivatives, metal ions, and so on. Due to the diversity of ligands, TFRs regulate a wide range of physiological processes, from
basic carbon metabolism and nitrogen metabolism to quorum sensing and antibiotic biosynthesis. On the basis of the recent
studies in our laboratory and the literature, we review here the regulatory mechanism mediated by ligands of TFRs in primary
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and secondary metabolism, as well as the application of ligands for TFRs in the development of gene route and the activation

of antibiotic biosynthesis.
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Fig. 1 The different entry points of TFRs for ligands®?. Arrows indicate entry points. (1) “Side entry”; (2) “Front

entry”; (3) “Top entry”.
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Table 1 The targets of ligands for TFRs and their effects on primary metabolism

IR IER R (R 1).

Ligands Targets Effects References
Citrate-Mg®" AcnR TCA cycle [20-21]
3-oxocholest-4-en-26-0yl-CoA (30Ch-CoA), KstR Cholesterol degradation [22]
3-0%x0-23,24-bisnorchol-4-en-22-oyl-CoA
(4-BNC-CoA)
Dihydroxyacetone (Dha) DhaS-DhaQ Glycerin degradation [23]
Niacin (NA), 6-hydroxynicotinic acid (EHNA) NicS Niacin metabolism [24]
Resorcinol, hydroxyquinol RoIR Resorcinol degradation [25]
Phenylacetyl-CoA PaaR Phenylacetic acid degradation  [26]
Palmityl-CoA Fad35R Fatty acid biosynthesis [27]
Unsaturated fatty acid (UFA)-CoA, saturated DesT, FabR Fatty acid metabolism [28-30]
fatty acid (SFA)-CoA
Long-chain acyl-CoAs FabR_ec, Fatty acid biosynthesis [31]
(C16:0,C16:1,C18:0,C18:1) FadR_she
Lauroyl-CoA, long-chain acyl-CoAs FadRs, Fatty acid metabolism [15]
(C10:0,C12:0,C14:0,C18:0)
Adenylylated ginK AmtR Nitrogen metabolism [32]
Heme HrtR Heme efflux [33]
Uracil RutR Pyrimidine metabolism [34]
S-adenosylhomocysteine (SAH) McbR Sulfur transport and [35]

metabolism

Agmatine AguR Agmatine utilization [36]
Cyclic di-AMP DarR Biofilm formation [37]
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Fig. 2 Amino acid sequence alignment of FadRs, in S. acidocaldarius
S. acidocaldarius FadRs, (GenBank accession number:
accession number:

AAY80459);
QAW34163); Bacillus halotolerans FLQ13 01120 (GenBank accession number:

and its homologous proteins in Bacillus spp..
Bacillus subtilis ETK61_15655 (GenBank
QDK®66354);

Bacillus licheniformis BHT94_05605 (GenBank accession number: OLQ51560); Bacillus vallismortis BV11031_03720
(GenBank accession number: QAV07766); Bacillus tequilensis G4P54 14545 (GenBank accession number: QIW80929);
Bacillus mojavensis HC660_27320 (GenBank accession number: QJC97205); Bacillus atrophaeus D068_cds28420
(GenBank accession number: AKL85870); Bacillus nakamurai AX159_ 12940 (GenBank accession number: KXZ21325);
Bacillus amyloliquefaciens LL3_02942 (GenBank accession number: AEB64473).
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L2 Sulfolobus islandicus (DDW12_ 08185, 199aa)

100% Sulfolobus acidocaldarius (FadRg,, 196aa)
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Fig. 3 Phylogenetic tree analysis of FadRs, and its homologs in archaea. Percentages represent the identities between
FadRs, and its homologs. Sulfolobus acidocaldarius FadRs, (GenBank accession number: AAY80459); Saccharolobus
solfataricus SSO2506 (GenBank accession number: AAK42639); Sulfolobus islandicus DDW12_08185 (GenBank
accession number: PVU77113); Acidianus manzaensis B6F84_05420 (GenBank accession number: ARM75525);
Sulfurisphaera ohwakuensis D1869_ 14780 (GenBank accession number: QGR18311); Cuniculiplasma divulgatum
CPM_1228 (GenBank accession number: SJK85035); Vulcanisaeta moutnovskia VMUT_0026 (GenBank accession
number: ADY00243); Thermocladium modestius GCM10007981_01200 (GenBank accession number: GGP19057).
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Table 2 The targets of ligands for TFRs and their effects on secondary metabolism

Ligands Targets Effects References
Methylmalonic acid PccD Erythromycin biosynthesis [40]
Methylcrotonyl, propionyl, acetyl-CoA AccR Avermectin biosynthesis [6]
2,3-dehydro-UWMG6 (DHU), dehydrorabelomycin (DHR), JadR* JdB biosynthesis [41]
jadomycin B (JdB)
C-5-0-B1 AveT Avermectin biosynthesis [42]
4-dihydro-9-hydroxy-1-methyl-10-oxo ActR Act efflux [14,43]
-3-H-naphtho-[2,3-c]-pyran-3-(S)-acetic acid ((S)-DNPA),
actinorhodin (Act)
Cezomycin, calcimycin CalR3 Calcimycin biosynthesis [44]
Heptaene AtrA Lidamycin biosynthesis [45]
Chlorothricin, demethylsalicycloyl chlorothricin, CHIF1 Chlorothricin biosynthesis [46]
deschloro-chlorothricin
Act, undecylprodigiosin (Red), JdB SchR2 Cryptic polyketide (CPK) and  [47-48]

Red biosynthesis

Chloramphenicol (Cm), JdB JadR2 JdB and Cm biosynthesis [5]
Tetracycline TetR Tetracycline efflux [2]
Simocyclinone C4, simocyclinone D8 (SD8) SimR SD8 efflux [49]
Rifamycin B RifQ Rifamycin B efflux [50]
Virginiamycin S VarR Virginiamycin S efflux [51]
A-factor ArpA Streptomycin biosynthesis [52-53]
2-(1'-hydroxy-6-methylheptyl)-3-hydroxymethylbutanolide SchR Act and Red biosynthesis [54-55]
(SCB1), 2-(1'-hydroxyoctyl)-3-hydroxymethylbutanolide
(SCB2),
2-(1'-hydroxy-6'-methyloctyl)-3-hydroxymethylbutanolide
(SCB3)
SVB1 JadR3 JdB biosynthesis [56]
Avenolide AvaR1, AvaR2 Avermectin biosynthesis [57-58]
ppGpp, GTP XdhR Purine salvage pathway [59]
14-membered macrolides MphR Macrolides biosynthesis [60]

Nodwell F1 A ™ 4 8 78 K ¥ 0 5 %
Streptomyces coelicolor M.k 4841 (Actinorhodin,
Act) A:¥& iEie, Hhial{A(S)-DNPA F1 Act
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WL RIS, MREE Act FLZR, Act fiifil & 5
SERAMHER RAA o AR AR 2 T rh R RE S = 4G
HE RS 3 TRR AO4RIE , Q4 as 28 A0 v a] 4 (0
R EE R A T A Heptaenel™, X AL
BE A e BE R s S IR IR Y TRR B9 7 =X, S A A
R SHAER G, RREZRIACH DAY
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Jjad gene cluster

B +— JdA +—DHR <— DHU 4 +
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Fig. 4 Ligand-mediated regulation of TFRs in S. venezuelae and S. coelicolor™. JadR2, JadR3, JadR*, the TetR family
transcriptional regulator in S. venezuelae; ScbR, ScbR2, the TetR family transcriptional regulator in S. coelicolor. JdA,
Jadomycin A; DHU, 2,3-dehydro-UWM6; DHR, dehydrorabelomycin; SCB1, 2-(1'-hydroxy-6-methylheptyl)-3-
hydroxymethylbutanolide; SCB2, 2-(1'-hydroxyoctyl)-3-hydroxymethylbu-tanolide; SCB3, 2-(1'-hydroxy-6'-methyloctyl)-
3-hydroxymethylbutanolide.
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%} Simocyclinone D8 (SD8) MM 2544, 1fii SD8
Hrh[alfk simocyclinone C4 BEf%FHIE SimR Xf
simX F a5 1 B S A 5T U NS5 R K38 R T
SD8 4 F SimR JHHE A9 2 5 T4 i,
% H SR E K B T 8% & B Streptomyces
lincolnensis M.f¥ TFR SLCG_2919 {4 ATP/GTP
LEA R LN SLCG_2920, i ik iz Nl #2155
B AR AT AR FT 2 mbe e, AR AT 2 = AT RE A
SLCG_2919 Ay # 1M, 2 el sh fig pik ik A R
%, WFEEE BEUMLE R EE sP% . [W)
TetR/tetA SMHERGE—#F, XLEHPEIL 52 TFRs
P, MMAPUE R PR B R, RO B
TFRs Ml A A B (9 3R35 , SCBA: RN S
YA BRI, XEIF R 2P RA T
I [FRHIE
4.4 NEMIER

SMNEPESTAE 2 BAT L N TR A R O A
BN FHLH, T REMS S BB R E 95 T, 2
I T AL — Pl i AR AR 51 G 23 N T
B AR JdB AT SR W R I AR A
AR O (18] 4). AdpA RIS AL R A
F)EEJET 57, TFR ScbR2 i@if454 redD
adpA 3 31, BV Red A P2 FI A FRIE 501K
[ AdpA i LR redD 192635, ScbR2 i)
AhJE JdB, 7E ScbR2-AdpA-RedD [AJE R HHFF, #5
K W (B R B TR A5 0E AT Red A4 14852
45 E59F

KA R H Streptomyces griseus K. A A1
(A-factor) JEAH TR H 55 — D HERIED y- T N R
(Gamma butyrolactone, GBL) 554764, A
K15 5 — ZR G K s 07 5% ) B 8 287 A6 R D A
TG, IRAWFGE KB — P2 A
T2 ArpA | ZR0RT R AdpA FIRE P I
T SR 25, BT A WTHE e &, #
ZIRERG S TRORBL, B R iE st 5
HIE R SCB1, SCB2 Al SCB3P** | Zpy st

&: 010-64807509

R T TFR JadR3 MIlCiA SVB1PO%E . ARy
J&, SVB1 il SCB3 Z5ttH[A], 4kSLAf 57k 5L
SVB1/SCB3 [ fEhFh[E {55, SchR #1 JadR3 i
A% I R A AR M SVB1/SCB3, s N TR P AE
DR (B 4). BORMZ TR
W IR AT IG5 0 F A P R AEY & Rk
FFEHLE BN

55 GBL IIREZAU B KGR (Methylenomycin
furan, MMF). ppGpp. GTP %5, [RI*ER[1E K TFR
M-S . MMFs Fr 5l S K W (058 5 i H
HBRIEWAER, KSR ppGpp Ml
GTP 5 TFR XdhR X 104 5 a7 0 g 4 1590
TP 4 JEE IR R A58 AT R AR T AN AT 4 B A5 5 o
+, JCEEHGHN T A A A B R Bk RAL s, (R
A3 i 1 H X 22 A8 A B 1 3 V7 g

5 TFRs BR#FF &5 M

51 EEZERIFAA

TFRs # Ak K FAC A4 mT Bl IR SE A 1Y A ) &
P, BHAEE R Tet-Off/On R ST JE N L s,
PR A FCAR K0S sOCH T i BE R R 0E . filan#)
A TFR PhIF J¥ % ) DAPG-Off/On fiit % ¥ 56 R 4t
A JH 45 RS % £F Saccharomyces cerevisiae H.H i
HRE XK, 24- 2 B R K =B
(2,4-diacetylphloroglucinol, DAPG) #] Ll i# &
PhIF 5% 5% (phlO) f# . DAPG-Off R4,
5 22 B BTG SR A5 M R G Y PhIF 0
LRI, SN DAPG i, %56 H A Rkt
KHl; 5 DAPG-Off ZURAH ) DAPG-On R4,
DAPG f71E 4 TF SR i 4 e N k0 [RpE 2L T
TFR CamR Rt {& #% fii  (Camphor) JF % 1Y
Camphor-Off Z %t i F T I Joms i 4 & rh i 2
H D] ek,

B T RE OGRS, T TFRs MHRCIAT:
KA B PR R LB, AT S IR S A H
PR G L, AR A R AR
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e GERBEAHE ) AR 7 00 A W0 ISR O B 0 44 A1t
T fE. BIUnFETF TFR MphR & ] gE Ak i) 43 ) Ji
Nk, WFEFEM T MphR XRIF N EREHTAER
AR AT R T R IR IR 2R 0 A 2R A5 )
AN 7 A T A R O 16 05 3 9 —BE-CoA T
R HE IR B R A 1 S A ] 9 A DA i i
SN Y T BE-CoA AR s AR AT
FadR i [ 5L -CoA 3X —F5tE, 7EmR Lk rh iy
5 B R e SRR SOREAR G S i BRI R i, ANAT
DS T HE 3 TBESL - CoA 7KK [ JE PR B A, 38 K
P T R R AT R M N Wi EE A R T BT A
AW, R TRR RO BUAR AR E Y E
PFF & AT 0 R BE DR 2 %, ™SR B S il At T
KIRTP AW UM B . $2 i LA RN 7 —Fib
HETE
52 IMEREMENBIHE

GBLs KA 540l LMENHL A R A 15
S HZRTRAK GBLs M7k, ATAMK
() GBLs I HESHIZEI P2 R IR GBLs AR Ui o
WIS R BLASINE Ay SCBL nl fig ik K s (o B2 1
Act A8 [lREHE, 7EME K EEBRTE Streptomyces
hygroscopicus J.FHH8jé 75 % i % [/ Streptomyces
spiramyceticus Y.H 4RIk 2A G L GBL 25
Y 1,4-T NBR, R 7 I X8 R FODUR e 2 1
Ay OO I, AR NS S T R
Ay S — Pl 36 10 A 2 A A e s %1

6 RESREZ

AL F LR T AR TFRs B (R B 53 i
&, BRI T fREIAN T TFRs JE# 14T
MU, AR TFRs B4 e id v K sk = At
W IR —E N S% ., EETLRE—-HIOIT
LML IE P TFRs B haEmpr ™, #
#TIT TFRs MURUMARER LS, k% et £
A~ TFRs /ML, FFRIP 4R TRUAT =
TFRs PA# M 1L . T TFRs & 24 1L
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Hl AL ECAR R S 0 Z R, 5 K TFRs Lk
WA R I A Z2 Fh A S 07 022 11 % B
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