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Abstract: Natural products with biological activity derived from microbes have been widely used
in agriculture, health care, and other fields due to their diverse biological activities, being the main
source of natural drug precursors. The discovery of novel active natural products has slowed down
sharply since the 21st century, while the demand for active natural products is increasing. Therefore,
it is urgent to develop new active natural products. The desert is the largest terrestrial ecosystem on
Earth, with diurnal temperature variation, low water activity, nutrient scarcity, and high intensity of
ultraviolet radiation and other abiotic factors. Accordingly, the microorganisms living in such
environment have evolved special physiological and biochemical pathways to adapt to the
environment, producing structurally novel active natural products. This paper reviews the research
progress in the natural products with antimicrobial, anti-radiation, antioxidant, anti-tumor and
anti-cancer activities from desert microorganisms in recent years, aiming to provide guidance for
the development and application of such natural products.

Keywords: desert microorganism; active natural products; antimicrobial activity; anti-radiation
and antioxidant activities; anti-tumor and anti-cancer activities

FAR P~ ¥ (natural product, NP)J& M A= ¥ %
P RE I A ) v R B B AR T A R A
GV, NP BAME MM FEE N E G T
T NP MhA MY AEEN, IRz T AR
v BREE L BT R AN T A5 24P, A
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S 2 FhIE P, 40 Bugni 2519 A B i 25 (Aspergillus
nigen) A BRI T 8 ASBEREHZHS , BATTXT i
FH 480 Y AR 4 85 £0, 4 25 3K T8 (methicillin-resistant
Saphylococcus aureus, MRSA)FITi /71 55 & 4 B
0,4 5 BR I8 (vancomycin resistant Saphylococcus
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#2021 47, FEARFK 11 MHLIX Y 35 b rpt
YT 129 MR ERY, B R e A
J& (Streptomyces) Fl Ik 14 J& (Kochia)ix 2 Mg,
HR R AN D REVE N i 4 TR, AN PER G | bk
. WA RN V2 T . 7EIX LR IE T2 8T
ARV, R BT3RS R B YD VRO I BT
Pl 2RI, 20 A TR 20% (23 1),
HWR G B P A 22 2 vh [ B 3 v B T b
(14 1) PRSI BRPL R (11 /) FH
IAFIVP (6 M, BE 2021 4F, EAMIDE
MR R R T 50 20 B A A Wi Y B
&I, XA YRR, Ui AL
4 W (N-containing compounds) . K ¥ P fig 28
(macrolides) . 12 (glycosides) Fllififi 2 (terpenes)
S5, R, TR B ) B AN
H AT FUPESRYE NP A & i B TP F B
BRI, VEREY) NP AR RIS .

2 DRBAERATWH IR
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Fz 1 EREYIRIERNEERASTY
Table 1

R SR s, I HAE R ZRE(E 1),
2.1 MEEMED

H A 1928 4EE DT K- BRI T H &R
DIk, 4 RZE00 %R 23 000 ZF NP HH itk
AW HATE AR 1 000 ZRhd A Pis b
KIRFEWI, A0 2/3 BIANTE IS TR O R T8
B B UE Y T A AR R Y, R o
HEJEMEYE RN E BT BB A YR E
BRI . ARFTRVAL, DA —A i R &
R R G, BASMEA AW AR
PR TR . M 2000 451 2021 4, 4Bk 35 ™Mb
BORNWHRS 129 SHTRD, Bodm2n 2 18
Je i 7 A B AN b Ik B8 (Geotrichum)! . 29
KIAFEV B AR AR W R 7 e T, = A AR
WYl e s — L2 AT NP, VT2
HARGRAE VD B AR Y R BT LR A A
Yy, MR IEA S5, BRG] DLy R
Fi . AP, WEZS . RIS AR, A
DA Ty B BT AL G AT 434>, JL
BRI B BT R T yb 21 AN FHHIE R (10 D)
Wi, HUORREHELX 14~ il
BTA BRIV LA, BAMEE Y EA
UREBT RV AE SR UL 5 AMEAPIEE 1),

Active natural products from desert microbial sources

Bioactivity Compound Organisms Structure class Location
Antimicrobial Chaxamycins A—DP®  Streptomyces leeuwenhoekii C34 New ansamycin-type Atacama Desert
activity 1-4 polyketides

Totomycin®” 5 Streptomyces hygroscopicus
Streptomyces sp. DB634

Abenquines A”* 6

Abengquines B17¥7

Aminoglycoside antibiotic =~ Atacama Desert

Aminoquinone derivatives  Atacama Desert
Aminoquinone derivatives

Atacama Desert

Abenquines B2?*1 8
Abenquines C** 9
Abengquines D**1 10
Asenjonamides
A-C*11-13

Streptomyces sp. DB634
Streptomyces sp. DB634
Streptomyces sp. DB634
Streptomyces sp. DB634

Aminoquinone derivatives
Aminoquinone derivatives
Aminoquinone derivatives

Aminoquinone derivatives

Streptomyces asenjonii KNN 42.f B-diketones

Atacama Desert
Atacama Desert
Atacama Desert

Atacama Desert
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CE-2))

Bioactivity

Compound

Organisms

Structure class

Location

Anti-radiation

and antioxidant

activities

Anti-tumor

and anti-cancer

Chaxalactins A—CP”]
14-16

Atacamycins A—CE!
17-19
Brasiliquinone E*% 20
Butanoyl-pyrrothine
(BUP)**121
Senecioyl-pyrrothine
(SEP)P¥ 22
Tigloyl-pyrrothine
(TIP)*3 23
Antibiotic A4"* 24
Antibiotic A5"* 25
Dithiolopyrrolone
PR2P) 26
Dithiolopyrrolone
PR8I 27
Dithiolopyrrolone
PRYP**T 28
Dithiolopyrrolone
PR10"° 29
Dithiolopyrrolone
PR11730
Jiangrines A—EP®
31-35

JiangolideP® 36
Pyrrolezanthine® 37
Desulfurizing
griseoviridin*"! 38
Pyridine-2,5-

diacetamide*® 39
d[39]

469

Non-name
Non-name
Non-named®?!
Non-named!*”!
Scytonemin!*? (SCY) 40

Streptomyces sp. C34
Streptomyces sp. C38.

Nocardia sp. XJ31
Saccharothrix algeriensis

SA 233

Saccharothrix algeriensis

SA 233

Saccharothrix algeriensis

SA 233

Saccharothrix sp. SA198
Saccharothrix sp. SA198
Saccharothrix algeriensis NRRL
B-24137

Saccharothrix algeriensis NRRL
B-24137

Saccharothrix algeriensisNRRL
B-24137

Saccharothrix algeriensis NRRL
B-24137

Saccharothrix algeriensis NRRL
B-24137

Jiangella gansuensis YIM 002

Jiangella gansuensis YIM 002
Jiangella gansuensis YIM 002
Streptomyces sp. 8P21H-1 T

Streptomyces sp. DA3-7

Streptomyces sp. SAS09
Streptomyces sp. SAS13
Streptomyces sp. SAS13
Streptomyces sp. SAS15

Mycosporine-like amino —

acid (MAA) 41
Extracellular
polysaccharide (EPS)™!!
Chaxamycins A—D[?)

1-4

Bacillus sp. LBP32

Streptomyces |eeuwenhoekii C34

New 22-membered

Atacama Desert

New family of 22-membered Atacama Desert

antitumor macrolactones
Benz[a]anthraquinones
Dithiolopyrrolone
antibiotics
Dithiolopyrrolone
antibiotics
Dithiolopyrrolone
antibiotics

Ca9H3008

C30H3,08
Crotonyl-pyrrothine

Sorbyl-pyrrothine

2-hexonyl-pyrrothine

2-methyl-3-pentenyl-
pyrrothine
Iso-hexanoyl-pyrrothine

Pyrrol-2-aldehyde
derivatives

Glycolipid
Pyrrolezanthine

New streptogramin-type
antibiotics

New pyridine alkaloid

New macrolide

New anthracycline glycoside

New macrolide

New macrolide

Polysaccharide

New ansamycin-type
polyketides

Xinjiang Desert

Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Sahara Desert
Desert soil of Gansu
Desert soil of Gansu
Desert soil of Gansu
Taklamakan Desert
Saudi Arabian Desert
Thar Desert

Thar Desert

Thar Desert

Thar Desert

Atacama Desert

LUOBOPO Desert

Atacama Desert

activities Chaxapeptin*?! 42 Streptomyces leeuwenhoekii C58 New lasso peptide Atacama Desert
Atacamycins A—CP!1  Sreptomyces leeuwenhoekii C38 New family of 22-membered Atacama Desert
17-19 Antitumor macrolactones

—: No data.
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Figure 1 The structures of natural product isolated from deserts. A: Both antimicrobial and antitumor and

anticancer active compounds. B: Antimicrobial active compounds. C: Anti-radiation and antioxidant active
compounds. D: Anti-tumor and anti-cancer active compounds.
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Hrhf 24 MIEASY R TREZE, ©
AR A RIS RREE Bk, &
0. %F 2 (chaxamycins) A-D (1-4) A Hi & 4
#5 %4 BR 1 (Saphylococcus  aureus) Fil & 7 #1 B
(Escherichia coli)fyi6itE, H 4 X S aureus
ATCC 25923 Al E. coli ATCC 25922 {#je/NMTH
¢ ¥ (minimal inhibitory concentration, MIC)%37l|
7 0.05 pg/mL A 1.21 pug/mLP®, # 52 yb Py g
(chaxalactins) A—C (14-16)JLA7 413 > [ B B
(45 B €0 70 4 BRTAT . BAAZ A0 0 2F 2R 0 R T
(Listeria monocytogenes) 1 A o 2 #1 T
(Bacillus subtilis)], AR #ssH08 24 FRIAPERE (R
J kT AN R 7 1 9 (Mibrio parahaemol yticus)]
WM, U 14-16 X4 8 (3 4 3K 1A 19 MIC 43
W 0.4, 0.2 F1 0.8 pg/mLPY, Asenjonamides
A-C (11-13)%F § 22 QP A B3 Pt 7F
I, 13 a5 VOFRERAEY, JUHEXT 4
%) Bk T (MIC=1.8 pg/mL) #l A% 2% ZF 78 AF &
(MIC=1.7 pg/mL){& MR, HEAkh, 13 X 24 %
FAPE A 2 B0t i s P, A e K T
FN2% 7 BK 1 (Enterococcus faecalis) MIC 4351 &
5.4 pg/mL M1 3.9 pg/mLP SR, 4088 H M
fr Vb B R K A BE B (Sreptomyces
algeriensis) SA 233 H1# 3 Fh —mi AR I ER S BT
H T LML ¢ (butanoyl-pyrrothine, BUP,
21) . S5 30 M Tk 2 Nk % BE (senecioyl-pyrrothine,
SEP, 22)F1 = -1 L % 22 iR (tigloyl-pyrrothine,
TIP, 23), EATAXS 5 2= IR BH M 40 0 [ 46 2
4T & (Bacillus coagulans) . # & 2 /141 i .
7HE ¥ TR i (Micrococeus luteus)]. #2% FGBH 1
M [l R 72 5 1A 18 (Klebsiella pneumoniae) |4
WGIVEA, i SEP R TIP i X i A % £F
(Saccharomyces cerevisiae) . ‘& 2 & & (Mucor
ramannianus) A1 JH: A 47 95 I B R [ B 2 i 76

(Fusarium culmorum) . # JJ B (Fusarium

oxysporum f. sp. Albedinis 1 F. oxysporum f. sp.
Lini )2 B H a1 3 il 76 445, Hodh BUP (21).
SEP (22)F1 TIP (23)Xf BE4S 2 1A & 19 MIC 73
MM 1 pg/mL ., /N 0.2 pg/mL F1 0.5 pg/mLP,
AHP R e [X eV Y Nocardia sp. XJ31 ERkH
B B BRI S VG 7 7l E (brasiliquinone
E, 20), ©RIS TP EEMHR A G E
(MIC=25 pg/mL)P2, MIE IR VDI [l —FE S4B Y
3 BR4EE T Sreptomyces sp. SAS09., Streptomyces
sp. SAS13 #l Sreptomyces sp. SAS15 FRH-E ALY
4 MRS, Hd 1 MO BT R
BT, 3 PO B B RR RS, BT 24
i 25955 SR AR R B T — B BU TS, an e
% ¥k Wi (Candida albicans) . X % #F i ATCC
3739 . i 4% i B i 7 (Pseudomonas adaceae)
ATCC 10145 . MRSA FH0 7 it 8 % W 5k &
(vancomycin-resistant Enterococcus, VRE)P"),
AWy 2R AL A W A I E -2,5- 2 Tk R
(pyridine-2,5-diacetamide, 39), ‘& H Nithya Z£0*
A VD R BT AR VD R YR Y Sreptomyces sp.
DA3-7 WA B3], X KM 3 AHT A B
Bk (Cryptococcus neoformans)i4) 4 5 (% 1) 1 e
FF (MIC=31.25 pg/mL), @IEHTFHEYa
PEITF 05 2 A NFRFECFESE & (totomycin, 5), F
K Mann SEP77E TS s 1 Vb KR R A W K B
%% A (Sreptomyces  hygroscopicus) ' & B, ‘il
o 0 1) 2 TR AZOME A P A il T LA B TR T 1k
A — S A Iz U I P oAb 5 2
RAEG Y, Btk A R D
Sreptomyces sp. DB634 43 5 H K A a4 H K —
34149 abenquines A—D (6-10), XLfb4)
BB MPTE RGP, JFXT 4 BYEEER IR
it HLA S e BRI E PR, Bz ge b G
Wy ] RE S BIF 5T ARE MBI A A A SR A FEARDY
H >k 00 7 V0 B W 22 1 (Saccharothrix sp.)
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SA198 P EHIPIAER A4 2F AS (25), HAT
U AR IS, P KI5
B AT TR ) 2 R B i T S5 2 2 G IS A T A A
SRR . 225 i (Enterococcus faecalis) il 2
A% 21 it 456 H= A3 r 1A (Listeria monocytogenes) 45
1 22 [RFHHEE MIC {HIEE R 10-40 pg/mL, Jf
A — e E R S P25 T AR, Ay & AT
(Mucor ramannianus) (MIC=1-5 pg/mL). 72
%% (Aspergillus carbonarius) (MIC=2-10 pg/mL)
182 A% B0 i1 1 (Penicillium expansum) (MIC=
2 pug/mL)™, HR E G HEVDTE  BRT R B I P
+}(Saccharothrix algeriensis) NRRL B-24137 [
¥R ) 5 Fiik&%) dithiolopyrrolone PR2
(26). PR8 (27). PR9 (28). PR10 (29)#1 PR11
(30), #BFIL X 22 [RPHPETR . 22 R LR
B LR B AT — G T T e HR A i
SRR BT I A A 2 B A B B R VL IR
(Jiangella gansuensis) YIM 002 H1, Han %5935
H T jiangrines A—E (31-35). jiangolide (36)FlIAlt
%25 I (pyrrolezanthine, 37)3t 7 Fifb &1, E
i1 3406 LPStreated RAW 264.7 [ I 4 fifd
NO 7R R I B2 M b e iE v, Ho
59 31, 32, 33/34. 35, 36 Fil 37 BRI
¢ i (half maximal inhibitory concentration, |Cs)
fH5 %k 97.8. 60.7. 30.1, 54.9, 58.8 Al
61.4 umol/L. HAHURIGTERILA MK A 5w
P TV Y Sreptomyces sp. 8P21H-1 T HH43 5
SR R e S W R A S
(desulfurizing griseoviridin, 38)"’,
22 HESHEMNFEMENED

UR ST A8 A WUATE Z B i REAR 9 .
RO B A A F AR R I, R I A — it
RO SZ PR B . B, IREBTIEHE
DL 3BT 1 = ROR SR B AR 2 2 U A A
Mgz —U0 T R R A U R, X

SEi A Y B PR T RE T, IR AR E By R I
PRI A B A Z LR, e TR S 75 1 52 R I
BTG OL T AR A7 o s, AR Y (oI AR ™
YRR AT ) Al L HCHU R . BH 1k 4 A
JE 46 5 R G . DNA 455, Mk 4R
SR T EE T, FEVE XS h R T RE
S ) A A Rl s B A s i P B AR MR, R
R Il O e S R 2t N N e N = R I
W, BT AR B S LA AR, XA i
. M. DNA %54 F 1 sl A A 451
I, PriRst 5P etERRTE — e B L HA T
FIVER™, #% Singh SPOWRITHEH, Biim i
EEL/INEE= N A SER 3 -RiIN RS AR SER 3 =R N
AL

Pl K 8 & (Scytonemin, SCY, 40)4&—Fh 2%
NEHER AR G AR, HA MY & e
WP WL s Yk, R — st
AEVETE = FR A A TR AR Y, e — 2R T
Mk, v—-MAEARFPIENNLEY, A
AAR R ISR SN B RE T, AT AR S —Fh bt
B, ORI AR P A P A A fe A7 2ot 1 R A
SR . WFEERMT, TEVD B M X A —Fh L
Wi 8 2 (Littorina aestuarii) A2 i SCY (40)°7,
EREM R AE A M AMH LR T, B — R
EMGRYZ, TR 90% 8 A G GEY,
AN, T 4 TR 18 3 (Nostoc flagelliforme) s,
SIEEIT SCY (AW I H., TERE R b
TN 4 15 35 Halothee sp. (9 S2 B0 v, R T 48
HMNRER ST RENS T scyB (T SCY A& iy
TIPSR SCY MAEwA RS, LI,
TEARIEBEFI UV-ARRSSR, SCY SME4RE AWML
N scyB B[N ) SIS N E 1.7 4%, ik BEK
EP, ATHEN SCY B FRAET 2 | mia it v
HARESRERE L,

[ A LA PR S I RE I I8 R0 R R A I

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3312 (YIS Gk

Microbiol. China

P2 (mycosporine-like amino acid, MAA, 41), &
IR —RKEMRLUNLEY, HA R4
Yo 32 SEHMARAR I VE BE T . MAA A TEAW)
rh iy FE I REZ — BAEOLRIYI , fE
WS KB LR 310-365 nm A28 AR 4R 5T, M
T R AR X A AR A AT DNA B 054, JEH.
MAA (41)if 7] BE 275 R A 1 A A AR P
g3F, EATTAT REZ H A 28 A WA R K B T
W E R F R s S A P XA YA LRE
W 7E W ANE N. flagelliforme Hh &, BREWSTE
ZMMAEY . R TE (ERE) . BEZEY (M
WL BEREFIETR), DA RS . Bt
BACHAEEAEYIEAR R, XUz G
Y Tl A 7 i FH AR AL T S R SRR R, 2
W B K0 TR S NP,

MAMFREY, REHHUAL NP BEBIE
BrZfh A AL, RGBS, S0 40 A i
AL, T s B PR AR R ST )
N, F7 BT 3T H HE IR VR 43 25 1) Sreptomyces
sp. D25 1£ DPPH #il NO 2 #7Y H Hi B& 35 B3
SRR R T BRI, NE A
543 B 1Y Bacillus sp. LBP32 H1/3 53 T —Ffi iy
N- R LA AT . AW RO T 88 4 4 8 L 41
Z ¥ (extracellular polysaccharide, EPS), H: 3%
P B B E A T PR, O R e R K
P, xS E R AL (OH) M B & 1 [ 3k
(O ) I A il e HE (1C50) 7391 249 0.042 mg/mL
A1 0.165 mg/mL*, sk, EPS gL Ak
SN | B o RS S e S A AR SR 0 OR3P
TER, Xeegh R, EPS HAWEER A ih3m
LA BE S,

2.3 IEIEENE

Pl S AL S Y e — R B A I ER A
TS AL RE ST AL G P . X245 Y Z AL
X e e 240 L g A RN AR R AR RIAE T, dn

05 200 M B B L 75 U A D o] =R LR
2 LA I A . TEAR GRARYT 25 IO E R AR
My Z5PE I, X 2 b5 Y AE SR SE TG 7 AR B
BN A

TEVDE T B A - A T — RGN EA
PUMIRTE L G, XS YAt Ak
Yy 1 P 2R e AT g i T T B BRI
J1. M Streptomyce. leeuwenhoekii C34 Hh#ZHL
A4 7 B & chaxamycins A-D (1-4){L &%), B
fITEERE I HVA 7E 2 11 90 (heat shock protein 90,
Hsp90) [EH ATPase i, I LMERIEAERIPT
FE2P, BETS T (Sreptomyces leeuwenhoekii)
C58 HHH3 T chaxapeptin (42), ‘B A&— Y
BERIK, WRIGAMMIZZE DT, B AT 4
MLZ AS49 HA S p s e ™ sk,
MEEFE 7 Sreptomyces leeuwenhoekii C38 $H
A9 Bl -k B % (atacamycins) A—C (17-19)J& i i
WALSY, NI iR i, JFH
atacamycins A (17)F1 B (18)%} 42 A& (9 A2
i 96 248 PR 35 S s B I Y A T R e, e
atacamycins A—C (17-19)7E45 798 (CXF DiFi),
FLERIEE (MAXF 401NL)FIF B8 (UXF 1138L)4
Mo & HP UG P fx 5, atacamycins B (18) X 4%
RKO Zififg 7 i s s B

3 UEREBMAEMARTMERE
B2

TE Fi A B A i 20 58 H v U b K ity T AR
1) 20%, B 30 v I EE 2 7 Rl DL A R A
50 TR R A AN SR, H AR A A E
95%—-99.9% M AN AT 5 FRAEY, I, 1242
120 T AL 2 A 88 A R AR P
—/NERAY, UIRMA Y O R R EYE NP BT
PR JIAh, TREAE VDR A T B A A
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B A B BA IR AR W) 6 R A4 ) BT B AR )
W E PRt T ERRy T RENE . SR, RS
XF T VD AR A W PR R R AR 7 42 e v ELAS
2, FEHIR R FEN LT LA (1) RE b
WAEARERE IR, BN A 1% P B A P e
ATREFRMET () MMM S,
TP IR A Wy vy LR BRAS R R A L 3 ML A R HG
T R R R ) ) A ML S ATF S 0 R 3 31 i
BrEs; (3) fESLREImEE s, IR M4 NP 1)
R R AR AR AL TUTROIRZ , B Se 5 = 1 57
kAPl BEEAE AR AL, AT S BOR A
B (4) LG IRIRT YR r ik S BUR S
AR e A G E A R IR R (5) K
SR K AT R W A VD BRI I A R A T
e HHE D TR R B AR SR

DRI, 0 S 7% v 8 S ) 0 B 35 v
RIFZIID TR GEIR, TF A EZ RO
FBL, MRRUIEIR I E YA Al H SR (R
RAIGEZ AR NP, NEYEL . Rl
FITAb & SR B S P, LAZRSR A 2 1M
PRIk Al T AR A U A TR T
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