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Retaining Agent and Screening of Its Secondary Metabolic Potential
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Abstract The Tarim River Basin is rich in microbial resources. To explore the species diversity of Actinoplanes in its
soil, uncover new Actinoplanes resources, and enrich the germplasm resource bank of the Tarim River Basin, the in si-
tu enrichment of Actinoplanes was achieved using polyaspartic acid water-retaining agent ( PASP). The fermentation
crude extracts of Actinoplanes were screened for antimicrobial activity using seven pathogenic bacteria as target strains.
This was combined with antiSMASH gene cluster analysis and detection of antibiotic biosynthesis genes. The results
indicate that 244 strains isolated and identified from soil samples enriched in situ with PASP belong to 3 phyla, 5 clas-
ses, 4 orders, 11 families, 16 genera, and 59 species, respectively. Among these, 228 strains belong to the phylum
Actinomycetota, accounting for 93% . The genus Actinoplanes exhibited a high isolation rate, with 103 isolated strains

and 21 species, representing 42% . Seven strains of Actinoplanes with both antimicrobial activity and metabolic poten-
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tial were screened. Soil samples with high moisture content along the Tarim River harbor abundant rare actinobacterial

resources. The PASP in situ enrichment method can selectively isolate Actinoplanes, thereby facilitating further re-

search on the diversity of rare actinobacteria in the soil microorganisms of the Tarim River Basin and on the exploration

and utilization of Actinoplanes resources.

Keywords polyaspartic acid ,PASP; Actinoplanes ;enrichment culturing in situ; biodiversity; antibacterial activity
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1.1 ##

1101 AR SR I B DX B F A ] ] 3
1 (81°23'E,41°37'N) A AR PR 1- (81°58'E,
40°22'N) | JEBE GALPR £ (81°69'E,40°73'N) |
KGHBR T (81°67'E, 40°71'N) |1 5 T AR bR
1 (88°50'E,39°80'N) | i ¢ MR Fr 1 (81°50'E,
40°50'N) EEMIARAR T 1- (88°30'E,40°10'N ) 3k
7 AR, DL 7 R RS R [ T L
T 10 ~20 em )2 T3 K ALY BRFEE 135
TR H ELERAE 4 C¥aiA .

1.1.2 #4&(gL) D1/10 ISP 2 KiFEdkk . B
FHENT 0.4, 2 F4R B |, W40 0. 4, 3208 17,
QHV #5355 JEFRR 1,KCl 1.7, MgS0, - 7H,0
0.5, FeSO, - 7H,0 0. 01, CaCO, 0. 02, Na,HPO,
0.5,3iF 17,;30329 Hi5 3k . IV HEIEH 10, RS
PRI 2, 5506 17 ; @ [C— 5 85 37 . w] s Pk U
#3520, KNO, 1, MgSO, - 7H,0 0.5, K,HPO, 0. 5,
NaCl 1,308 17; ®1/5 TSA ¥533 . R G HE A
1, B PR 3, NaCl 1, 350018 17, %30 K, Cr, 0, ¥
W (70 pg/mL) HIFEHZ (100 wg/mL) 43 BERR R
(25 pg/mL) B A 55 % (25 wg/mL) FL R 4 R
(25 pg/mL) ForERr by, DL il 2 0 A0 4 v
R HAAE B 0 PE R A KI5 S B ARE stk
BT A&, FRiE R K 5 IR JERE 2 55 CHEER
T PASP AR K,

1.1.3 ZZRXANEMNBEXE LZHEEW.EH
JR TR R e A A B R A R A
K, HPO, \KNO, . FeSO, ¥l [ Kb & J7 1E 12 5
I A A E (R AL A R AT BR A A ) 5 T %
PEVE . CaCO, W I [ 25 48 A b 7 350 A BR 2
Al EERE SR B (35 [E OXOID AE 4 R A R
Fl) ot B0 HL ( Centrifuge 5420, X AfE (|-
) E R A R F)) ; PCR A2 (S1000, 1 4k ( Bio-
Rad ) A= iy B2 2% 77 i 28 1)) 5 HLIKAX (DY CZ-26C,
RN — AR ) 5 BE M BUER AL ( ChemDoc XRS,
AR ( Bio-Rad ) A=A BE 247 i N A ) 5 B8P 98 Uk
HL (JP-080ST , TRII T i B Ve & A IR A HD )
HLF R (GB31039, g k& TR A R
H)) s H IR KA 5 (SB-1100, I i SR AR 2845 FR
YNEIDI

1.2 FHiE

1.2.1 :EH R REN LHZ AR
T IR G IS B A $i PR KGR K AR =
1:240:720 (JAE L) TR A, 732 2 500 ml 27 £L 23
AU ,28 ClEREEFE 4, BURAG R 4 i+
FEL 110 C T AL 30 min, SR G A B4 K
BB 10 ™ AT, 28 °C 200 r/min fH IR ET 57
1 h, 58] P

1.2.2 A FHs Bl B LIPEEIER
5000 r/min B.0> 10 min, BUE075 3 1Y 35 kS
FERBEZE 10721071074 .10 7%, 43 SIHL 150 pL
AT 1,12 0 5 RO B9 23 B 1 97 2,28 °C
IR TR T do PRIBCTA EARE S A ey A
BTSSR =Rl 2 ISP 2 K593 28 CElE
BEFR T ~ 14 d, I ESRIZ R B2 B o) 25
) BRLTRT VR, T T A 7% 8 %o i TR R AE A T V8 R T
AR TE I TR | LS R A R R A R TR
FEEERT R T 4 C A TR,

1.2.3  H#ke9 16S rRNA K B 5 RH SDS-
B AL SRR B AL AR Y DNA | fff FH 48 78
AT 27F F11492R P H#A40TH 16S rRNA FE[H
FPg 2 S IR I 43 B U R T Y S
Ji U E PCR SR 3 K kA, 28 1% SRR W Bk
EEHLUK T L B 4% PCR 774, 3% 29 2R A WA
RS R]HEAT AU, DRSS 19 16S rRNA ¥ 5158
7 EzBioCloud #E47 H X447 .

1.2.4 WHARZLAMME  JHIHN )T EHE
RS X HihL, BT EzBioCloud B4 J4E i 1 H
IEGAEA AR RIUR 16S P41, @it MEGA X #k
AR F 28 4% 15 ( Neighbor-Joining ) ¥ & R G & H
B BEE 1 000 YK H 2 52 K50 ( Bootstrap analy-
sis) 9 RUSCRRR RO HAR B AL OC 2R

1.2.5 HEFEEEE  SRPLLWE 1y
¥, IR 2% B 40 T 3R TRk < BT (0 7 % R A
( Staphyloccocus aureus ATCC 25923 ) FlIEE % B 124
A 3R H bR KW 3% 5 18 ( Escherichia coli ATCC
25922) . fifl & A B FT B ( Acinetobacter baumannii
ATCC 19606) it 3 ¥ BR SCEC T ( Erwinia amylovo-
ra ATCC 15357) | R FEVD I TICIA ( Salmonella ty-
phimurium ATCC 14028 ) 4% G & 8% [C B ( Shigella
Slexneri ATCC 12022) D) Je LR R P B 11 8 & 2k
B ( Candida albicans ATCC 64550)7 ¥ %% 5 T ik
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HERRTAE o AFEEFRTE 2 0 H AT 100 mL WA
FeHrh 28 °C 150 t/min 3555 12 h, fEKE 4L,
Tl O S T R TR . X B T R A T IR
PR AR R RT3 R TR S BT R A
i, A 2 A5 R B PR A P el B A IR, i
LRI, 2 e e 78 R Wi A9 BMLR IR B . I
Ji FH R B 5 A 2 76, TR T A 449K B2 100 mg/mL 1Y
VEBUT TP PRSI 5 >R FH A FEAR I EA T 40 iR
TP B ek i e R R A R S B K
IR HI 22 45 CHRIFE TR AL 1:100 FEHRAT,
PN &R REE NIVR S TG LRSS e 2T Vg | VN
150 L PP A A0 & IR RLER W) T AR AR TP, 37 C
Fi9% 10 ~24 b, WE I 40 5RT 8 A

1.2.6 NRPS #= PKS kB &) 43 Zbal 21K
IrE R PRIOZEN AL DNA, 2 BEOCHR[ 26 ] RT3
1 JIr %) 3E 4% 4 A BK A B B8 ( non-ribosomal peptide
synthetases , NRPS ) 15[ AW L ( polyketide
synthases , PKS) & R 5 52 4 5| #1347 PCR 973,
AR IR E O SH, I8 W2 1% 35
PR R F vk o BT, A R 2 YA

%1 NRPS 5 PKS #3454

Table 1  Information of amplification

primer of NRPS and PKS genes

EH 3 AT (5'3") ’i‘,jf;ff

NRPS %K A3F  GCSTACSYSATSTACACSTCSGG 1 200 ~1 500
ATR SASGTCVCCSGTSCGGTAS

PKS I #H KIF TSAAGTCSAACATCGGBCA 500 ~750
M6R  CGCAGGTTSCSGTACCAGTA
PKS I £ KSaF  TSGCSTGCTTGGAYGCSATC 700 ~ 800

KSBR  TGGAANCCGCCGAABCCTCT

2 HER50M

2.1 TERAEAHEZEYTSEGE

it PASP HL 1) oy U7 1% AL - A2 103 bR
TR (60 BR/INRALTR (37 BREEF T 16 Bk
YRR AR A . TET TACE (B TA) e
I']( Actinomycetota ) A DL F B HF, i b 93% (227
) s B R B0 2 7] ( Pseudomonadota ) 7 £ 1
JERERR ] ( Bacillota) 10 #%, T 4/KF(E 1B)
T4k B 29 ( Actinobacteria ) 4325 5 21| 227 #&, 5 &
R 93 % , AL FVE 449 s HU R 2 J T 14 49 ( Ba-
cilli) 10 #£ , a-ZZ JE 1# 24 ( Alphaproteobacteria) 5 £

1 y-ZEIE 7 44 ( Gammaproteobacteria) 2 £, F&F
HIKF-(E1C) B3] 11 A H B85 8 i
28 H ( Actinomycetales ) . /N .48 5 H ( Microm-
onosporales ) AB i+ KT B ( Pseudonocardineae ) |
B 10 #& % H ( Streptosporangiales ) | 5 %% 7 H
( Streptomycetales)  ZEFEFTF H ( Bacillales ) | f £k
B H (Micrococcales) A= 2273 % H ( Hyphomicrobia-
les) . #% AT H ( Corynebacteriales ) | % 7 [C B H
( Moraxellales ) F1{E B il 7 H ( Pseudomonadales ) ,
Hrpilr sl il W H (Actinomycetales) HILH G H ,
SEArESAHE 103 B, & ik 42% , H /N T
H ( Micromonosporales) , 77 E5 15 2] 60 #%, b5 1 25% .,

TEJ@ /K- F(ED)  Horeih 16 N, afs
Wi sh it £k W J& (Actinoplanes ) | /)N B0 & J& ( Mi-
cromonospora ) 575 W J& ( Streptomyces ) /NS
J& (Acinetobacter) |, % f & J& ( Bacillus ) , 20 ) 2 4
FFE & ( Cytobacillus ) AR ZF #FF 1 J& ( Fictibacil-
lus) 75 i AR J& ( Kocuria ) . S 4T B J& ( Methyl-
obacterium) i K [CH & ( Nocardia) . BF HY K 5 )&
( Nonomuraea) 15 ¥T 1 J& ( Paenarthrobacter) AR
S & ( Rhizobium) ZL¥R & J& ( Rhodococcus) B
22 )& ( Saccharothrix) . Jith TG AR S0 M B4 & ( Stutzeri-
monas ) , FHP N A R E N UL RE , 48
103 BRI, A7 LU 42% 5 /A0 TR J O 5 — A3
J& LI B 60 R, o5 L 25% , HoAt s ) TR Bk
YRR RO R AT B BRI

Xt B3 B I S R MEGA X B3
TTAREaL R, 25 R E 2 iR, ZRERER
FH T He AN [ i 20 ik 2 T 5 AE AL o ke =2 T ) ik
KER, RGERB MR, A 3 8545 2/ iiF 30
R Y 5 HOE G m R R T AR 3, IR
TR —Hy A,
2.2 RMMiEE PASP 3 A4 E 5 B RN

OY R E G AR W] TR I PASP R K5
ARARHE T R 38, T RS IS R
INIIBEAR PASP 35 37 5L 110 43 25 84— kL, 7E 244
PROTESTE AR, 168 BROR IR T PASP ¥R AN4L, 76
PR T XS BRZH X H A5 2 1 i 3 il 48 1 19 20
B4 R W, PASP WS AL 43 B i 3 iR T 81
B, OB (78, 64% ) WL TR HRZL I 22 Bk
(21.36% ) (K 4) . ARBFFEIE K I, B il 8l £k
RIS, /N TR TR R B 5 T S 2R AR PASP AR R4
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I R S TR S AR R, ok 22 iR T Y 3 R

R AR PRI e 2 B, W] PASP B S AN S
e KEREHAEM,

ARSI R, B i 0 SR R B R i

O OoF

E1 TEPWEFAEEESS
Fig. 1 Distribution of culturable bacterial communities in soil
ALK B K- C BIK 5D JRKE
A: Phylum level; B: Class level; C: Order level; D: Genus level

2 ETFHIM&ERESBHE 16S IRNA EEFIIMENRSE LT HLR

Fig.2 The phylogenetic tree of the isolated Actinoplanes constructed based on the 16S rRNA gene sequences
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3 SBEINEIMEAEREELS(A) RAFMBERA (B)

Fig.3 The morphology of the isolated Actinoplanes colonies ( A) and scanning electron micrograph (B)

B4 PASP SEX L E YT SRR

Fig.4 The effect of PASP treatment on Actinomycetes species diversity

2.3 FAEBFESESINLESHY

B T VR PR K SR R S T R 4 B 1 0 7=
SO AN R IR 2B B 5 R AT AR A B B bR A 2t A
JIEARTR)  AF TG 43 B 4 95 56 2 ) o3 2 Hh T Ui
R, H,1/10 1SP 2 & K —5 . 1/5 TSA
10329 PUFEEFRIA> B S E MR BRI L |
WK 5A 7R, 1710 1SP 2 3597 50 Bl B B -,
AT B35 81 BRIAAR , %5 H 21 NP = [R—5
BRI 2z, 4y 5153 68 MR Bk, 16 NF;1/5
TSA Ki 37 560 85 5] 42 BRI AR, 10 4 F 5 1M 0329
FEFR B 25 3] 32 BRI AR, 8 A Fh, A&l 5B BT
DN I E R = o ) Gl s S
FEWFBA AN 22 7% . BI5C oR, A 3 #RilFsh
T ( FE AR 3l i 46 B ( Acinoplanes hulinensis )
TRM55045 | H 4% iiff 8l il 28 T8 ( Acinoplanes nippen-
sis) TRM55068 Fi [ 7Y Jiff 51 fit 26 T ( Acinoplanes
brasilisis) TRMS55030) 7£ 5 Ff 43 25 55 5% it vp 4 4

BN 38 AN o B S 3R R i A T o B R
FHEREZS(ESD), HA,1/10 ISP 2 KiFkk
(BN TR 0 B 3 e, o 0 B A B Bl T4k
R 42% ;58— 5355758 5 23% ,1/5 TSA
R 16% ,0329 35y 14% , 45 R BR,
WG E 1/10 ISP P Fl = K — S B AP 40
KSR BE Ui Sl 2 T B R i
2.4 HEFHHMEEEEZAD antiSMASH X NRPS
fn PKS EFE a9

3L antiSMASH X3 B 15 ] 19 21 Fiiz 8 ik
LA M A W W R AT 2 BT, 0 H R AR
WS 1 200 B n] JnE sl 2w L 4 rh R 2
AR EA NRPS Fl PKS 45 3L K 19 JE R 7% | FE 1A
HKR/NFA8.29 ~11.84 Mb, iE 6 nl %0, 4
B IEE PR AR X 5 1, 56 R At A e R, IR
G S i, | J5 22T AT R G AR = Y
I
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5 AEEBEFESEWEFRARHZHEE
Fig.5 Diversity of culturable bacterial communities isolated from different culture media
AR TFIIEFREE T BT AR 00 2R B S RIS FRIEFNRF 70 B 1 22 575 G AR SRR K- 20 B = 5 B2 D A IR 3
I3 R B R TR 1 4 B 2
A: Diversity of strains isolated from different culture media; B: Differences at the species level isolated from different culture media;

C: Richness at the genus level isolated from different culture media; D Isolation rate of Actinoplanes from different culture media

6 HEHMMERERRERGEDSHERZED T
Fig. 6  Analysis of secondary metabolite biosynthetic gene clusters in Actinoplanes
A HEPRIFRAG 25 5 B B2 R/ (Mb)

A: Gene cluster richness; B: Genome size ( Mb)
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2.5 HIHAENRERERE

Ui Sk B 2 TR AL B2 40 R FH A AR T A 41
WA M, 25 R, U 3l ik 26 B TRM66264 |
TRM88002, TRMS88003, TRM55033. TRMS55006 .
TRMS55060 ,TRMS55082 AR R X 4 Fh K LA -9 S5t PR
BB PREISE, X KR A | 4 O
TR TR IR JE R R SC IR S A Ui iE v, o

iRk TRM66264  TRM55033 . TRM55006 , TRM55060
TRMS55082 Fif b i % BRL 475 FE VD 17T G B AR [
IR A TR P 5 T bk TRM66264  TRM88002
TRM88003 , TRM55033 XJ i & AN Sl AT i E AT HI R 7%
P, DL R R AR R TRM66264 X (0 5 R 14
AU I P, At TR R X TR BT TR PR 22
(%£2),

R2 HIHEAFEREEERE

Table 2 Antimicrobial activity screening of Actinoplanes

R
TRMS55003  Actinoplanes abujensis - + - - + + _
TRMS88003  Actinoplanes aksuensis + + + + - - + + + —
TRMS55006 Actinoplanes atraurantiacus + + + + + + + - -
TRM55010  Actinoplanes bogorensis + - + - + - -
TRMS55030  Actinoplanes brasiliensis + + + - - - - _
TRM55033 Actinoplanes cyaneus + + + + + + + + + + + -
TRMS55035  Actinoplanes deccanensis - - + - + + - -
TRMS55040  Actinoplanes ferrugineus - - - - - — _
TRMS55042  Actinoplanes friuliensis + - + + - - + o+ _
TRMS88002  Actinoplanes hotanensis + + + - - + + + -
TRMS55045  Actinoplanes hulinensis + - - + + + + + -
TRM55058  Actinoplanes liguriensis - - - = - - _
TRMS55059  Actinoplanes lutulentus - - - - - _ _
TRMS5060 Actinoplanes missouriensis + + + + + + - -
TRMS55068  Actinoplanes nipponensis + + + - - + — _
TRM66264 Actinoplanes polyasparticus + + + + + + + + + +
TRMS55078  Actinoplanes rectilineatus + + - - + + + - - _
TRMS55080  Actinoplanes rhizophilus - - - - + + _
TRM55082 Actinoplanes teichomyceticus + + + + + + - -
TRMS55084  Actinoplanes utahensis + + + - - - - _
TRMS5085  Actinoplanes xinjiangensis - - - - + — _

E B ELAE (mm) FRIMBEG M, + : <10 mm; + + :10 ~20 mm; + + +:20 ~30 mm; — : IV E{EH

2.6 NRPS #1 PKS ERF

NRPS Fl PKS W2 4544 52 2% 11 2 Ty fig E 20 il
FEA B FEERIR =P 5 SCsEEF  axX
P E AL A B IR G = P 2R 0 2 i it
AL IR R A A A AR B BB X R A
TV BT 2 ] THUesy IRy T LA S s
P EZ IR B IR G R S R A R R

HH , 350 e A= 3% P A IO 4 o D v LA 4 ol v
Syt — ATl i Bl R IR A T R A
ACTERE , K NRPS 5 PKS &R (7778, Xt 43
BRI 21 BRI SR W AR IEAT T PCR 94
S, GER IR, 10 BRI SR A 1 4% DA
b HBYAAT , Hord 4 BRASIE] NRPS JE A9 BRI
| PKS T 5E[H 2 BRAIE] PKS LK (£ 3)
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&3 NRPS 7 PKS &M &R EEE 21 (BB HHI D70
Table 3 Distribution of NRPS and PKS biosynthetic genes in 21 bacterial strains
W ACH T 5 I M AT W & I EE N
(L7 G173
NRPS PKS 1 PKS II NRPS PKS [ PKS I

TRM55003 - - - TRM55058 - - -
TRMS88003 - - - TRMS55059 - - -
TRM55006 - - - TRM55060 - - -
TRM55010 - - - TRMS55068 + + -
TRM55030 + + - TRM66264 + - -
TRM55033 - + - TRM55078 - - -
TRM55035 - + + TRM55080 - - -
TRM55040 - - + TRM55082 - + -
TRM55042 + - - TRM55084 - + -
TRM88002 - + - TRM55085 - + -
TRM55045 - - -

T + Rl B AT - Fon AR B A0

3 3 #

R BAE Ry — S B2 A T A= Wt s, oy
ORI R G2 BE A5 5 ML Tt A 27 45 440 3 00 1Y
KRG VEY o7, X L84 & Wy i b B A B s A8 L 2h
PSRN 755 L A5 B T v & BB BT AE R
R IRIHE , DRI T A A ik £k TR R T 5T SR A5 O
B, WA A A A U R A R, A
AR BIF 5 A R0 TT 0 g, H PR AR K 22
18 Gy ores oAb A #02 Har e A2
R 59 B, AAFFEAE S5 % BT 5T 1Y
S b, R ) SR PASP, SEBL T Sl
LT A A S R ) o B, A AAS 21 Fl 103
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