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Recent advance on the genus Saccharothrix

ZHANG Ya, CAO Chengliang’, LI Rongpeng, JIANG Jihong

Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, School of Life Sciences, Jiangsu
Normal University, Xuzhou 221116, Jiangsu, China

Abstract: The genus Saccharothrix was established in 1984 by Labeda, a famous American
taxonomist of actinobacteria. This genus is an important group of rare actinomycetes with
filamentous hyphae, and most species have zigzag aerial hyphae during sporulation. They contained
meso-diaminopimelic acid in cell wall, abundant phosphatidylethanolamine in phospholipids,
MK-9(H4) and MK-10(H,) as the principal menaquinones, and the genus-specific motifs CAC
(607-609) and GTG (617-619) in the 16S rRNA gene. Recent studies of genome mining have
confirmed the existence of non-ribosomal peptide synthetase genes with high frequency in the
genomes of Saccharothrix spp., which have the potential to produce structurally-novel secondary
metabolites and enzyme products with diverse activities. Further, Saccharothrix can produce
derivatives of known antibiotics or antibiotics with new structures, such as dithiopyrrolones, lactams,
anthracyclines, and chloramphenicol, which have a great value in antiviral, antibacterial and
antitumor treatment. Moreover, Saccharothrix serves as a new microbial resource for the production
of industrial enzyme preparations, which has strong development potential in the application of
enzyme preparations. New active enzymes such as chitinase and cellulase generated by the
metabolism of Saccharothrix are widely used in modern agriculture, light industry and other fields.
Owing to the unique genetic and metabolic diversity, Saccharothrix plays a key role in the
degradation of organic pollutants and remediation of heavy metal pollution in soil. On the basis a
novel species of Saccharothrix discovered by our laboratory and relevant literature, we reviewed the
typical taxonomic characteristics, genomics, secondary metabolites, and enzyme development of
Saccharothrix, aiming to provide a scientific basis for further mining the Saccharothrix strains with

application potential.
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Table 1 Taxonomy characteristics of the genus Saccharothrix and closely related genera
18] [ (1]

[20]

Characteristics Saccharothrix!®  Lentzea Lechevalieria Actinosynnema Umezawaea
Cell Cocci/ Rod-shaped Cocci/ Rod-shaped Cocci/
rod-shaped rod-shaped rod-shaped
pH 6.0-9.0 5.0-11.0 5.0-11.0 6.0-8.5 6.0-8.0
7/°C 1045 10-37 28-30 28-30 20-30
NaCl tolerance (%, W/V) 0-3 04 04 0-2 0-4
Polar lipidsd PE, OH-PE, PI, PE, DPG, PG, PE PE, OH-PE, PE
PIM, DPG, PG PI PI, PIM, DPG
Whole-cell sugar Gal, Rha, Man Gal, Man, Rib Gal, Rha, Man Gal, Man Gal, Rha
Major cellular iSO-C16;0 iSO-C14;0 iSO-C16;0 C17:0 iSO-C14:0
fatty acids Ci7.108¢ is0-Cys.9 anteiso-Cs. anteiso-Cy7. is0-Cs.9
is0-Cis.0 is0-Cig:0 Cisaw7c is0-Cig.0 is0-Cig:0
anteiso-Cs.g anteiso-Cy7. is0-Cg.1
DNA G+C content 67.0-76.0 68.6-79.6 68.0-71.4 71.0-73.0 74.0
(mol%)

Gal: galactose; Man: mannose; Rib: ribose; Rha: rhamnose. PE: phosphatidylethanolamine; PG: phosphatidylglycerol; PI:
phosphatidylinositol; DPG: diphosphatidylglycerol; PIM: phosphatidylinositolmannoside; OH-PE: hydroxy-phosphatidylethanolamine.

Saecharothrix carnea NEAU-yn17" (KC195859)
Saccharothrix saharensis Sal32" (F1379333)

Saccharothrix xinjiangensis NBRC 1019117 (AB381939)
Saccharothrix syringae NRRL B-16468" (AF114812)
Saccharothrix coeruleofusca NRRL B-16115" (AF114805)
Saccharothrix tamanrassetensis SA198" (JIN036396)
Saccharothrix australiensis NRRL 112397 (AF114803)
Saccharothrix algeriensis NRRL B-24137" (AY054972)
Saccharothrix violaceirubra NBRC 1020647 (AB284261)
Saccharothrix ghardaiensis MB46" (K'Y (021820)
Saccharothrix stipae D347 (IN002085)

Saccharothrix texasensis NRRL B-16134" (AF114814)
Saccharothrix variisporea NRRL B-16296" (GQ917213)
Saccharothrix mutabilis DSM 402257 (X76965)
Saccharothrix espanaensis NRRL 157647 (AF114807)

04 Saccharothrix deserti BMP8144T (MF972516)

Saccharothrix lopnurensis YIM LPA2hT (KP992900)
Saccharothrix longispora NRRL B-16116" (AF114809)
Saccharothrix hoggarensis SA181T (HQ399564)
Saccharothrix echbatanensis UTMC 005377 (JN038074)
100 Saccharothrix isguenensis MB27" (KU933253)
Umezawaea spp.

Actinosynnema spp.

i
0.005

96

100

Lechevalieria spp.

77 84] Lentzea spp.

Actinokineospora spp.

Pseudonocardia acidicola K1I0HN5™ (MT361117)

1 ET 16S rRNA ERFIITIEMENRLARBEN LA RN ARG L EH

Figure 1 Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of the validly published
species of the Saccharothrix. Numbers at nodes indicate levels of bootstrap support based on a
neighbor-joining analysis of 1 000 resampled datasets, only values >50% were given. Bar, 5 substitutions per
1 000 nucleotide positions.
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1.2 EEPERERFIRL TR

R TR A W 2P0 A R AR S AR A b
R Z K& il (nonribosomal peptide synthetases,
NRPSs)5 R il & i (polyketide synthases, PKSs)
R AR AT A A P o B 22 TR R TR 4
NRPSs 5 [K] Fr) i B3 A7 A2 H ™ A R AR WG
PR BRI =0 14T FIEHEEY . R 2021 4F 9
H ', GenBank. JGI fil GTDB Ry %i# /2 H JL i i
T 17 BREELZR WL T8, 52T Type Strain
Genome Server (https://tygs. dsmz.de/)iR 55 %% 1Y
ZGREHTNE 2, antiSMASH (V5.2.0)5: 4
2H 3 B TR0 . O B 22 TR )8 PR ) NRPSs
PKSs JERFEA Y 45 (K 2), HEMBELZ w4

PR AR ) S B TEIG T A T . LA R B
FIWYL TR , DU NPT 45 R 45y i A AR
Mo Wi Feng %4IE T S. texasensis 6-C [
SERCHELINZH R /NN 9.04 Mb, 4 9 > NRPSs,
5/~ 1A PKSs BRI, fegnhs K m5imiG Y
B, ZIEHEAEEA BT S. texasensis 6-C
A= W) B T A SRR 1 4 ML AR S
il ZH RGN S, deserti BMP B8144"
FEHLHR/NR 10.80 Mb, Hirf 1213 A3
43 A GIRGACHT PR O R, dE
14 4~ NRPSs. 9 4~ 1% PKSs, 2 /> II /il PKSs,
W2 AR A R A I B T2 A
WriE e, QPR . e st

100

Saccharothrix echatanensis DSM 454867 (GCA_014205015)

Saccharothrix sp. NRRL B-16314 (GCA_000716595)

0.020

|
[

Saccharothrix deserti BMP B8144T (GCA_009769385)

Saccharothrix sp. ALI-22-1 (GCA_001280085)

Saccharothrix texasensis DSM 442317 (GCA_003752005)
Saccharothrix sp. NRRL B-16348 (GCA_001280085)

Saccharothrix texasensis DSM 45456" (GCA_006716745)

Saccharothrix carnea CGMCC 4.7097" (GCA_003014735)

Saccharothrix longispora DSM 437497 (IMG_2919027109)

Saccharothrix syringae NRRL B-16468" (GCA_009498035)
Saccharothrix coeruleofusca DSM 436797 (GCA_017876325)

100 100
100
100 J
mu
100 91
99 ‘
1m|
100
100
100 |
100 |

Saccharothrix variisporea DSM 439117 (GCA_003634995)
Saccharothrix espanaensis DSM 442297 (GCA_000328705)

Saccharothrix tamanrassetensis CECT 86407 (GCA_014203665)
Saccharothrix australiensis DSM 438007 (GCA_003634935)
Saccharothrix algeriensis DSM 445817 (GCA_016907655)

Saccharothrix violaceirubra DSM 45084T (GCA_014203755)

& 2

Pseudonocardia acidicola KIOHNST (GCA_012911935)

ET TYGS REF[HRLAEFAFIINRRLE K

Figure 2 Phylogenomic tree based on genome sequences of the genus Saccharothrix in the TYGS server.
Tree inferred with FastME 2.1.6.1 from GBDP distances calculated from genome sequences. The branch
lengths are scaled in terms of GBDP distance formula d5. The numbers above branches are GBDP
pseudo-bootstrap support values>60% from 100 replications, with an average branch support of 94.6%. Bar,

2 nucleotide substitution per 100 nucleotides.
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Table 2 Features of Saccharothrix genomes

Species Genome size/bp CDSs rRNAs tRNAs BGCs PKS  NRPS
S. algeriensis DSM 445817 6 878 582 6 066 12 49 29 5 5
S. australiensis DSM 438007 7 861 373 6 694 12 52 33 10 8
S. carnea CGMCC 4.7097" 8918 169 7 939 7 59 38 11 10
S. coeruleofusca DSM 43679" 7721092 7222 15 57 24 8 8
S. deserti BMP B8144" 10 832 261 9959 5 71 49 19 14
S. ecbatanensis DSM 45486" 9 689 237 8599 12 58 39 13
S. espanaensis DSM 442297 9360 653 8436 12 56 33 11
S. longispora DSM 437497 8 375 440 7529 12 57 29 10
S. saharensis DSM 454567 8924 967 7 995 12 52 34 8 9
S. syringae NRRL B-16468" 10 929 570 9301 12 53 48 16 14
S. tamanrassetensis CECT 86407 8 053 586 7177 6 50 33 6 10
S. texasensis DSM 442317 9178 199 8 137 12 52 36 10 9
S variisporea DSM 439117 9408 895 8 387 12 53 29 10 10
S. violaceirubra DSM 450847 7 354 386 6 781 12 52 31 7 10
Saccharothrix sp. ALI-22-1 10 300 059 9372 59 41 13 16
Saccharothrix sp. CB00851 9304 003 8377 53 43 11 15
Saccharothrix sp. NRRL B-16314 8 934 493 8023 58 41 14 9
Saccharothrix sp. NRRL B-16348 10 896 489 9728 20 67 43 15 10

Bifi 7 J SE AL AC R Bk, 4248 & 208 Al
TG PR KSR ™ W) © W R 3 AR K [ N A 5T A
R, SCI TR R A7 U i 2 T B TR A 2 TSRO R AR
WA A RGERE . I 5L P 51 v i
YR MAMERFER T, &3 428 (genome
mining) i G B AE B8 . W1 Lin ik EE T
Saccharothrix sp. ST-888 W HBEEERA X4
WG AR R, Sk B B R SR B R 6 1 A= 5 i
B BE 5 T 3R T oe g 4k e AR 3R
SEHZ, TR R A rh S PR A e
SRR Ab TR TR s OB S, 0 ik
TR AR W) O R 2 1) Gk B o
B L. U1 Gorniakova 553 i i BTG
S. espanaensis DSM 44229 {—"ERFA Y15 A%
B, A5 T H AT 5 & (manumycins) . 1E
T Tl 2 TR B R AR A DA BOTE $ 3R A Hh s
G5 LA S A A e 15 5 55 T BB

] BE TG 2R TR R R R p B S 2 3K, Ui Bakour
EER AL S. tamanrassetensis DSM 45947 [1
T LU AT A1 0k 7 A B g A R S

) BLEBNAEIAR

2.1 REREFIIHR

oA R AE MG R B T 2 48 459 2 90
Ji T A T 24 BE ) 3 ok, DR M Ak 2 R 45
BT R R EE BT BLBT A R O S R ARG
PE= TS R PR . BIFST SR, B 22 TR RE 6%
Az BRI AR R B AT AR W BB B AR A A 1) BT AR
R, W mRAERE S . N EEREZE . IR E A
R RPTEM A SRS UE R (R 3). 2013
A Wang ZE M\ S. xinjiangensis NRRL B-24321
H B ARAS I AB Y 16 JT RN N g 28 R R 4k
&#) tianchimycin A 1 B'**), 2020 4 Babadi
S R FPOAS [ T8 Bk Act24Zk w4y B 4tk Hi 4k
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X B #iJE HeLa i
il KB3.1 HABAFIMMEEE, 1Cs (Hi55)
5.4 umol/LPY,

Ak, E NS E XS F S. syringae NRRL
B-16468 RS WIRBFTE AR AR . W R BRI
FRRFRLIB IR IR RAR ), B 2 T T Pk
KB e, smEE RS RUES:, (H52Z
B LS tirandamycin 1 streptolydigin
EHIESE 240 RNA 4 i (ribonucleic acid
polymerase, RNAP)HHIFIY, Hikif k&R
Al ESZ RNAP BHIHIR . Bl i e AR Ak
MR RE, ERAZW T RAWRGE, ERER

A% saccharopyrone,

*®3 BLEFEORRFESY

AW E BGER M AWT R TEE . 2017 4F Mo &F
YE TR R R A ARG R T4 h Be 2k
Y& aER: W RER TN 5 MRS M
(NecmA I, NemA II, NemA III, NemA IV, NemA
V)Fl—FhAE AR Z IR i (NemB)ZH B, —
IR ALEE(NemC) AL, 5 FlE(NcmEDGOP)HY
UK 5 FhEENemNIKIM)E 45 72, b
JEUESE, NemP J&—F HISEEERL |G, Ja B i
Al NemD 5—FCRMMEATIERER F 1
C-10 EAL™), Hl T REZEYE NHEL
K, W RER F ZHTNG D BRIE AR 56 4 W i
(# 3), Uik AR .

Table 3 Natural active products of Saccharothrix strains

Species Compounds

Biological activities

S. algeriensis®"!

S. australiensis DSM 43800

- 15,32
S. espanaensist>?!

Manumycins

Antibiotic LL-C19004-D

S. mutabilis'”] Capreomycin
Polynitoxin
S. syringae NRRL B-16468! Nocamycin

Dithiolopyrrolone antibiotics
Antibiotic LL-BM-782-E

Saccharothrixins (A, B, C)
Saccharomicins (A, B)

Broad-spectrum antibacterial
Antibacterial

Antibacterial

Antitumor and immunosuppressive
Farnesyltransferase inhibitor
Antibacterial

Antibacterial

Antibacterial

Antibacterial and antitumor

S. xinjiangensist**=% Caerulomycin M Antitumor
Accharopyrone Antitumor
Saccharonoic acid Antitumor
Tianchimycin (A, B) Antibacterial
Swalpamycin B Antibacterial
Saccharothrix sp. ABH26P" Cyanogrisides (I, J) Antibacterial
Caerulomycins (A, B, C, D, E, F)  Antifungal, antiparasitic and antitumor
Saccharothrix sp. A150683 Saccharothriolide (A, B, C, D, E, F, Antibacterial, antifungal and antitumor
C2)
Saccharothrix sp. MI-293-N4P¢ Kinamycins 1 and 2 Antibacterial
Saccharothrixones (D, E, F, G, H, I) Anticancer and antibacterial
Saccharothrix sp. DSM12931857) Pluraflavins Antitumor
Saccharothrix sp. 10-10P% Saccharothrixone D Antibacterial
Tetracenomycin X Antitumor
Saccharothrix sp. PAL542) Chloramphenicol Antibacterial
Saccharothrix sp. AJ95711%) Ammocidin (A, B, C, D) Apoptosis inducer
Saccharothrix sp. SA 10314 Mutactimycin PR Antibacterial

P4 actamicro@im.ac.cn, & 010-64807516



TRIEE | fUE P24, 2022, 62(5)

1607

NemA [ NemA NemATl

Nocamycin E

B3 EEBROBZLYARRED

KR ACP

> JKS AT DH KR ACP 2YKS AT
> S
O (0]

O 0 O 0
HO HO / o H
0
HO HO HO /
0
0% 0 OH HO HO- 4 )
g 0 OH HO HO
L /
0 OH  Houn:
HO

Nocamycin G

NemA [V NemA 'Y NcemB

KS JAT DH KR ACPRIKS AT ACP 2

HO

Nocamycin F

[33,41-42]

Figure 3 The putative biosynthetic pathway of nokamycin .

22 FENAMR

AR T — B LA R R 2 M A= 7 il i 550 Y
HEORP, ENEZEVIR LI S. yanglingensis
Hhs.015 A8/ A4 —FPpi 8L T ™, BT
v i P e . ZEAE RO 45U, JLT BT RE
o i 7 TR FRAT 8 it L O ) A R 4540, A Sy g
IR T E R A B R ), 4R SZ 3
Iz RTE . fEBE U, LT B S A
YR a5 0 SRARCRR G, AT ORIG T 45 R L
RIRPPG o o — B R BE =N AR LT i
il AT A A LT 5T RN 5E BB S A UGB L B
YIRS R AT AR, XS A R B AT BT

VA U R AR G S A R
W22 B RE A2 YT B-1,4-3 A , X
AR R PR R O IZ IR AR — R, BE
PUKRE B-1,4- 10 FMETTBE, K5 BRI 2T 4E R
Wr, MR BT SRR, #2454,
WO | AR AN v AR AE45IR I H S, australiensis
IFO 14444, S. texasensis NRRL B-16134, §.
coeruleofusca ATCC 35108, S. mutabilis ATCC
23892, S. syringae DSM 43886, S. longispora
ATCC 31109 SRR L 0E B 22 B A= 19 N U1
e RPN RV Re SRty B e e X7
t, BTEGTA b T BCEAF 4E R B
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FPENT S, mutabilis NM-6-5 RETE 5 iR T 40 it £F
e R, 1E L. RIE TP b 3 b AT 85 19 1
FAESS, BG4 2 A Tl RE AL il {575 22F—
G0N
23 SREEMR

(EAS — LR, TEA DL TS Y R ik F0 <5
JEIs e B 07 oM 2 WA AR R .
Saccharothrix sp. PYX-6 LLE | 3E . BE NME—RK
U, BEFEME T 4 DRI IR DT AL S Wt
Hr R = P e SRR R, X5 AR R IE
i Mycobacterium sp. PYR-1 [ f# IR AE AN
Saccharothrix sp. BG VISR —H iR —(2-4F&C
FEOME A ME—BRIE, 7E 48 h Py AR R
20 mg/L [&f#%) 2 mg/L, {EV5/KACH RS g
R EIVEFPO . Saccharothrix sp. APLS5 RE[%
R B IEIAME T — 4% (polybutadiene-styrene)!, ¥
WM REAEYBE ESRIE R RPN HEES
5# . WEFEP | AEEP gt AR 4
J@I5 g g rh s By S. violacea LM 036, S.
albidocapillata DSM 44073 . S. waywayandensis
Tosca4 . Saccharothrix sp. UTMC 2163 #i
Saccharothrix sp. UTMC 2185 /R~ H X8 B4
BEaEARIOmZE, MeEESREEE
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