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Abstract: Endophytic actinomycetes of medicinal plants have the potential to synthesize natural active
compounds, and new species of actinomycetes are an important source for discovering new compounds.
[Objective] To explore the resources of endophytic actinomycetes of the medicinal plant Rehmannia
glutinosa, and identify a new strain leaf-16 with the activity against the pathogenic fungus causing the ring
rot of R. glutinosa. [Methods] In this study, we used five-step sterilization method to isolate the endophytic
actinomycetes of R. glutinosa in Henan Province. Phoma herbarum, the pathogenic fungus causing the ring
rot of R. glutinosa, was used as the indicator fungus to screen the antagonistic strains via the plate
confrontation assay. For the antagonistic strains, 16S rRNA gene sequencing revealed a new actinomycete
strain leaf-16, which was then identified based on the morphological, physiological, biochemical, and
molecular characteristics, as well as cell wall components and DNA-DNA hybridization. [Results] We
obtained eight actinomycete strains resistant to P. herbarum by plate confrontation assay. Among them,
strain leaf-16 was identified as a new species of Streptomyces and named Streptomyces folium.
[Conclusion] Strain leaf-16 is a new species of Streptomyces and has the activity of inhibiting the
pathogenic fungus caused ring rot disease of R. glutinosa. This new species lays a material foundation for

further isolation of new bioactive substances against the ring rot of R. glutinosa.

Keywords: Rehmannia glutinosa; actinomycetes; Streptomyces; identification; ring rot of Rehmannia
glutinosa
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s, EENZAE AR, Hd DIAFR
PR BRI 4 30T g A A b DX A b R e DA
Uiz R, RREF AN RANY 2
— 01 AR E E A 2 IR, i
P EEENON T —, AR LH
ALEEGE, Hitk, o B SR 25 M E
LU E o b B SO S — P S
FL ORI B AR M ARA, R
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BRI E R B0 A A, T R i b B A 7
a7, HAT, BRI EA U TR
SURBIBTIG . AR, AAE AR 25 B IA H R A B0
AMUPTIRROR 2, b 235 KA 5 B[R],
BB AT M E2 BRI, P ALk
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1.1 MRFIER

AT ST B P B0 b B A SR £ b Ry ¥ g v
BR2G R 2 MY bd . 555 TR leaf-16 70 B A 3
YIRS, IFORAFE T R P BE 2 R 2 2 e AR
WML . K FFE DHSo BRZ A NI
HeXN S YR AR A, HE Streptomyces

mayteni YIM 60475" Fl Streptomyces hainanensis
YIM47672" 3% A il K24 S0 iR, i
36 200 e L B 2K S FF (Phoma herbarum)3k B
T F A KRB

1.2 FEEFRE. KFIFLE

1.2.1 EHRE

AT B . M IR — S 1 R (g/L):
AAEMEER 20.0, Ko,HPO,-3H,0 0.5, NaClo0.5,
KNO; 1.0, MgSO4-7H,0 0.5, FeSO,-7H,0 0.01,
Bilg 20.0, pH 7.2-7.4. BRI R 2L (HV, g/L):
KCI 1.7, J&%fR 1.0, FeSO,7H,0 0.1, &Yk
A2 100 puL/L, MgSO4-7H,0 0.5, Na,HPO, 0.5,
CaC0;0.02, 3§ 20, pH 7.2-7.4, 544K
(g/L): il 2 (By) 0.5, % # E (B,) 0.5, L 0.5,
ZHR(Bs) 0.5, XZAHEAEHIR 0.5, £WHR(B,)
0.25, 4K (Be) 0.5, MHAR(B;) 0.5,

TR R SR 5L ISP 3 B3R 3k(g/L): #EF 2,
MgS0,4 0.02, KNO; 0.02, K,HPO,-3H,0 0.05,
Billg 2, Mz & 30 min J5 BB, W EICHLEL,
FEZE 100 mL

HRRE IR L. LB B s(g/L): ML S,
JBEEE 1% 10, NaCl 5.

o JE EC TRV PRGN S FR . PDA BESR AR
(g/L): S8 200, #EHE 20, HE 20, V8
Ri# 3 (g/L): V8 Bi2¥ 7T 100 mL/L, CaCOs 1.5,
Bifg 20,

1.2.2 K5

s AL DNA $R B & [ R A
ALY B AR A | PCR M Bkt 2
R W SR R R BB (D A BR A
(Thermo Fisher Scientific).

123 135

PCR I H Applied Biosystems A i ;
Eppendorf mini spin &.0HLIAH Eppendorf 23
F ; Tanon 2500R 4 F £ % BE I AR 73 R 50
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SR AR B A A IR BT H 5 DNA 2258 4Y
WA E R A R
1.3 MEYIrEMAgk

SR A B B M ¥ RE A 28 AT S R AT
B, 2510 (1) 5% NaClO ¥k iE 1 5 min; (2)
2.5% Na,S,0; &2 10 min; (3) 75%Z Bl
WIZVE 5 min; (4) JCRZKMYE 3 385 (5) 10%
NaHCO; 2%k 10 min; AMFRJG, K HAM MARER
ZETRANNHR, 435I TR, B 200 pL AFEE R R
A3 )5 TR R (50 mg/L)FIZEIERR AR (20 mg/L)
B R— 5 HYV 383 b, 28 °C K5
1-5 JA, PRECK 0y SR VR O T i 4 B sl Ak 5 3R
L ISP 3 Eiffralifbii .
1.4 REEREEMENR

SR S AR IRE 7 ) 5 000 T e X e 5 28 25
I I EL TRl (Phoma herbarum) W5 HTAE A, A5
PR AR R LA B I e 12 fAaad, 5
PYE R R, R TR 1 P () B SR S —
SERRIIAE S, F 28 °C B Feffits 7-14 d, W
AN TR AR
1.5 MEYEFMESEEE

TS ERE Ay S5 52 7E ISP 2-7 35 7 3 BIA8L %
BigR 8P E 28 °C K97 14 d, FFiATEI S
BRI R AL 22 11 FL - S O S il 1o 4 2 R
B . S, W R (G Ry R YT
BlE T h R, BREEREBRETE.
2 KA R R, BAR 0 (1) Shdnse g
30 s, AR KMERE; ) mm e
30 s, JCHEKMYE; (3) 95% BEIE WM (L 2
SO, JTCEKMYE: (4) RGO R G
30s, JGEAKMTE; (5) BB BTGB
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A A I K T AR AN ) ISP 3 SRSk
b, JREMNIRE@G. 10, 18, 22, 28, 32,
35, 37 °C)FHig% 14 d GGt 45 % Btk
PN AR ISP 2 15572 B £ 47 pH (pH 5-12) Al
AR (0-12%, W/V)Tit 32 S5, T ARTE IR EE 28 °C
SR 220 r/min PSR N RESR 7 d IR GET AR
Vg TR R 2 A 1) L i 5 % R A T e R R R
5y, 28 °C ¥ig% 14 d G Gitds i 4Bt S
WAt . LF4EZOKAE . R ERIA ) . BIRGAL
TEMIK AR . AAREE . T AL . RS . BEEE
H,S 77 A S I 2 B SCHR (10138617 -
1.7 ERESH

b2 oy A S v i B T 22 K38 ) ISP 2
WRR FRELT 28 °C, #%3 250 r/min AR T
B3R 7 d EEOIRR R TIRRAS . aifuREha
FEIR . KfERE . BERRIEAE . AR LA
O3 AT SIS R SCHR[10]
1.8 SFENESN

PRI R 5 R 4 2 B i A 0 5 ) R 5 | At
16S-F (5-AGAGTTTGATCCTGGCTCAG-3")#ll
16S-R (5-AAGGAGGTGATCCAGCCGCA-3")¥"
AT PR 16S rRNA L[, PCR ¢ 4K R 50 uL,
117 10x KOD Buffer 5 uL, dNTPs (2.5 mmol/L
each) 4 uL, DMSO 3 pL, 5% 16S-F 1 16S-R
(¥°4 10 pmol/L)#% 2 puL, MgSO4 2 uL, DNA
FiHR 1 uL, KOD DNA ®4M 0.5 L, JoHZE
187K 30.5 uLo PCR WA #EFE ¥ A 94 °C 4 min;
94 °C 1 min, 58 °C30s, 68°C 1.5min, 31 M
FR; 68 °C 10 min, PCR j=¥)&lifb ) i £ 7
pMD-19T #fk |, BEEAETAEY TRE) K
O A BR A w) EAT — AW T, R 5 R A
EzBioCloud (https://www.ezbiocloud. net/identify)
Wty AT AR ARL I X, o IR AR U e v 1
LRI AR R MEGA 7.0 840k 7 R Gk b &
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FELLR AT IM 109 800 B R Pk ; DNA-DNA
A a8 SR A ROk AT e, HA R
mr.

DNA [EJEYEo)=[4 VoA Vat V) V[2X(Vax Vi) 2]
100

Horf, va, Ve Bl 2 AREA R E R
Vin B 2 DHRESR AR A B 22, THEAE A [
) DNA [A] J5PE

2 BREM

21 WEAEMEENSS

Xof b A o ) PN AR R TR g T o, AR
TR 65 Bk, FEAARER 208 31 bk 253 18 Bk
MR 16 PR H G, MRIEEXT 65 Ml ik
frovdk, Horp 25 BRu bR B AT S0 i B B T
Ik, FEVAZE N B 5 1 1 & (Streptomyces), Hi4x
40 PRARHEIE AW E WA LR R R . XTI
() 40 BETEREEAT 16S rRNA LI R, W7 45
JRATE EzBioCloud F4r#r, 45HREHIX 40 PR
MR T 9 IR TEE 235 5N B A T R
(Promicromonospora) 2t . B B & & )&
(Nonomuraea) 6 #Ff AN E R
(Micromonospora) 13 Ff . it 8l i £k &
(Actinoplanes) 4 ¥k i+ K& J& (Nocardia) 5 ¥k .
TR A I (A ctinomycetospora) 3 B | B HE
J& (Streptosporangium) 5 & Fl & ft $i 1§ J&
(Actinomadura) 2 ¥k, HECES T I 43 8500 B AN
1R, WNE 1T RTLIEH, HEmm. XM
MERE N A TR AR R 2R FIA R 25, B
R ) i 2k T i A g 2 T 28303, axm]
B R AR R S5 A R - AR 4k, R T
A PITERR N Y e B

x1 FoBEREKENMENDS

Table 1 Species and distribution of the isolated
actinomycetes

Genus/origin Root Stem Leaf Total
Streptomyces 13 7 5 25
Promicromonospora 1 0 1 2
Nonomuraea 4 1 1 6
Micromonospora 4 4 5 13
Actinoplanes 2 1 1 4
Nocardia 4 1 0 5
Actinomycetospora 1 2 0 3
Streptosporangium 2 1 2 5
Actinomadura 0 1 1 2
Total 31 18 16 65

22 MEREHZENRMMELYHRR
HEVEM

XTI Ay B5 1% 65 KR HLHE P A ik T A Tt
b BRSSO I Phoma herbarum 36 PEI
SRR 8RR B AR PUE M, WK 1 R
2.3 Streptomyces folium leaf-16 HJ % E

X ELAA U B 5 SUR RS DU AR EAT 168
rRNA JEEWIF, HAE NCBI [ GenBank J741
%50 MK809368. KTtk leaf-16 i) 16S rRNA
LAY EzTaxon-e (https://www.ezbiocloud.net/)
TR, AKILE R leaf-16 Ayt i AHRIME B RE

Leaf-2

Root-14

Leaf 16 Root-23

1 MEEZELEFREMEEK
Figure 1 The active strains against Phoma
herbarum.
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manganisoli MK44" (97.29%)!"*! | Streptomyces
specialis GW41-154" (97.03%)"VFI1 Streptomyces
hoynatensis KCTC 29097 (97.03%)'7, % @#ikk

leaf-16 #EAT RGE R T (K 2), K BLE
leaf-16 5 H AR & I EAR S. mayteni YIM
60475" F1 S. hainanensis YIMA47672" 1E [d]—4~43
X b, UL leaf-16 HEER B, H 5k
S. mayteni YIM 60475" Fl S. hainanensis
YIM47672" SR K R AL .

Streptomyces javensis NBRC 1007777 (AB249940)

97

55|
85

65

53

69

e

99

96

100

54

i‘ Streptomyces violaceusniger NBRC 13459" (AB184420)
Streptomyces yogyakartensis NBRC 100779" (AB249942)
D9, Streptomyces hygroscopicus subsp. hygroscopicus NBRC 134727 (BBOX01000593)
| Streptomyces demainii NRRL B-1478" (DQ334782)
L Streptomyces iranensis HM 35" (FJ472862)
Streptomyces rapamycinicus NRRL B-5491" (EF408733)
95 Streptomyces yatensis NBRC 101000" (AB249962)
Mes malaysiensis NBRC 16446" (AB249918)
Streptomyces solisilvae HNM01417 (K'Y366443)
Streptomyces morookaense LMG 20074" (AJ781349)
100, Streptomyces celluloflavus NRRL B-2493" (JOEL01000102)
Streptomyces kasugaensis BCRC 12349 (NDXL01000004)
Streptomyces glauciniger CGMCC 4.1858" (jgi.1076272)
72 Streptomyces bingchenggensis BCW-1T (CP002047)
46#]_‘: Streptomyces aldersoniae NRRL 185137 (EU170123)
& L Streptomyces milbemycinicus NRRL 5739" (EU170126)
[ Streptomyces cuspidosporus NBRC 12378" (AB184090)

Streptomyces somaliensis DSM 40738 (AJ007403)

J\—m‘}mpmmyces pluripotens MUSC 1357 (CP021080)

= Streptomyces mexicanus CH-M-1035"7 (AF441168)

Streptomyces diacarni LHW51701" (KX347890)

Streptomyces cacaoi subsp. cacaoi NRRL B-1220" (MUBLO01000215)

L Streptomyces smyrnaeus SM3501" (KF006349)

Streptomyces sodiiphilus YIM 80305 (AY236339)

Streptomyces xiamenensis MCCC 1A01550" (EF012099)

Streptomyces carpaticus NBRC 153907 (AB184641)
Streptomyces cheonanensis VC-A46" (AY822606)

Streptomyces harbinensis NEAU-Da3" (JQ750974)
Streptomyces ginkgonis KM-1-2T (KU758899)
Streptomyces klenkii S2704" (KF656772)

Streptomyces thermoviolaceus subsp. apingens DSM 413927 (Z68095)

Streptomyces burgazadensis ZIRT" (KF793919)

63

99y—100(:
L

| 69

T

2 Ei#k leaf-16 ARG HNL L B

0.01

7— Streptomyces mayteni YIM 60475" (EU200683)

8
499i:rStreptomyces hainanensis YIM 47672" (AM398645)
leaf-16 (MK809368)
Streptomyces zhaozhouensis CGMCC 4.7095" (OCNE01000042)
Streptomyces sedi YIM 65188 (EU925562)
Streptomyces triticirhizae NEAU-YY 642" (MH144589)
Streptomyces avicenniae NRRL B-24776" (JOEK01000028)
Streptomyces hoynatensis KCTC 29097" (RBAL01000049)
Streptomyces manganisoli MK44" (KY911452)

Streptomyces sediminis MKSP12"T (KP743982)

Streptomyces specialis GW41-1564" (LN929789)
Streptomyces massiliensis AP10"T (CCXT01002278)

Figure 2 Neighbour-joining tree showing the phylogenetic position of strain leaf-16 and related taxa based
on 16S rRNA gene sequences. Bootstrap values >50% (based on 1 000 replications) are shown at branch
points. Bar: 0.005 substitutions per nucleotide position.
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2.3.1 Streptomyces folium leaf-16 BIF.7S 34

B FR leaf-16 1E ISP F 41 5% 35 KL F1 8L (G B
IR BRSO WESHOEAS, TR
I ERIELT A, 15 ISP 2. ISP 3. ISP 7 Fi%k
PRk BAE K R4 Hi27E ISP 4. ISP 5, ISP
6 B FAE RIS 2, Hih7E ISP 3 5 0k
AT AR (R 2),

W TRIPE leaf-16 5 H[R]E ¢ R B MY 2 PRI
¥k S. mayteni YIM 60475 Fl S. hainanensis
YIM47672" BEAT B S S LR, 45 0 3 W B Ak
leaf-16 7EE & 5 S. mayteni YIM 604757 F1 S.
hainanensis YIM47672" 45 W] ‘2 25 5% , £ ISP 2. ISP
3. ISP4. ISP5 F2ERECHNBE, WK 3 Fin,

WK leaf-16 75 ISP 3 B350k FHESE 10 d
5, TR T BB TSR K leaf-16 M+ 22

MFIEE, 450 LM, Wk leaf-16 LR
22 53 ACTE BB 285 25 il i f 4k, f T S A
HIE, i 4 fis.
2.3.2  Streptomyces folium leaf-16 FIEIB4E K
FF{E

WG TRAK leaf-16 HFP 2] ISP 3 JEFR3E 1, If
TE 4,10, 18, 22, 28, 32, 35, 37°CRET
gt 14 d, 45 9L E K leaf-16 7E 4. 10, 18,37 °C
W T ALK, 7522, 28, 32, 35 °CIRET
AR, H gl B RKIRE N 28 °C; Witk
leaf-16 £z R0 %) ISP 2 W MARKE g2 L rp, 875 pH A
9 5-12 (pH A DA AS I NaCl ¥
0-10% (W/V), WEEREEE N 1%, 28 °C., 220 r/min
BigE 1 R RE, pH 7E 7-9 MIEHAERK, H
pH R 7 BRIR S BT 5 f oK NaClif 52 W R 9%

F2 B leaf-16 BIE K SHHE

Table 2 Growth and cultural characteristics of strain leaf-16

Agar medium Growth Aerial mycelium Substrate mycelium Diffusible pigment
Yeast extract/malt extract (ISP2) Good White White Dark green
Oatmeal (ISP3) Good White White Light green
Inorganic salts/starch (ISP4) Good Reddish orange Yellow None
Glycerol/asparagine (ISPS) Good Yellowish white Yellow None
Peptone/yeast extract/iron (ISP6) Poor None Translucent white None

Tyrosine (ISP7) Poor white White None

Czapek’s Good None Yellowish white None

ISP 3

ISP 2

ISP 4 ISP 5

& 3 Bk leaf-16. S. mayteni YIM 60475" #1 S. hainanensis YIM 476727 7 ISP 2-5 F I GSESR
Figure 3 Pictures showing the different morphology of strain leaf-16, S. mayteni YIM 60475 and S.

hainanensis YIM 476727 on ISP 2—5 at 28 °C for 14 d.

http://journals.im.ac.cn/actamicrocn
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Bl 4 Bk leaf-16 WA FHRBFES
Figure 4 Spore chain and spore morphology of
strain leaf-16 on ISP 3 at 28 °C for 10 d.

Ik leaf-16 TEVEMI KM . LI 0E . BK
il 7 A AR PR R0 I s 3 v S B, T A 2T 4
Ko WAL . BAC R A AR EEE
WAL SRS A LU i il A 2 3 v 5 B
P, BARSEER T ik RAS R E S 75 SCHR[10].

PR leaf-16 1) I8 ) FH 552 36 70 BE Al 55 5%
FEPIIA 0.2% Rk I A 0.5% %) R (B B PR Xt
WSS HEFI K leaf-16, 28 °C #5355 14 d JF 41t
gER R IR leaf-16 1 LA FH AR5 I8 A 45 2
WL RN HTEENE . L2, ILAE . WA
Wi HEEEE . BIhLRRE . UEEATRERE, ARER
B BIE RS 05 . ABE . SRR, mT L
AR R R . AR . Wi, 75
AR . NEMR . 228 . BEMR . KA A
WLER , ASRERFH B AR H 2R AT 2R

XP PR leaf-16 SR Bk S. mayteni YIM
60475" 1 S. hainanensis YIM 47672 ¥i47 4= 3§
AR, Z5RERD], Witk leaf-16 1) pH 4K
JL . NaCl i 52 DL R dne . &R -5 A Bl
I ey HE AR T [ — 23 S0 2 BRICER AR B B
255, Ttk leaf-16 5 H g m AHRIPER 2 #RIAHY
AR A A S IR 45 RANER 3 .

&3 EFE leaf-16 S5: S EHRAY R BSFIELL R
Table 3 Differential phenotypic properties of strain leaf-16 and the most closely related Streptomyces

species

Characteristic 1

2 3

Diffusible pigment (on ISP 2 medium) Dark green
NaCl tolerance 9
Decomposition of cellulose -

H,S production -
Utilization of:

Sorbitol +

D-ribose -
D-fructose -

Inositol -
L-asparagine +

Glucose, ribose

Whole-cell hydrolysates
Phospholipid

DPG, PE, PI, PL, GL

3 10

- +

Galactose, glucose, xylose

DPG, PG, PE, PI

Galactose, xylose.

DPG, PE

Strains: 1: leaf-16; 2: S. mayteni YIM 60475"; 3: S. hainanensis YIM 47672"; Physiology and biochemistry data for S. mayteni
YIM 604757 and S. hainanensis YIM 476727 are from this study, chemotaxonomy data are from study 13 and 14. +: positive; —

negative.

<l actamicro@im.ac.cn, & 010-64807516
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2.3.3  Streptomyces folium leaf-16 BYLF 533
HHIE

TR Pk leaf-16 21 RE 28 AL IR B0 FIHE AL R o
i1t HPLC 7 #rf5 8], 255 BoR Bk leaf-16 1Y
AHMRE S HER A 2,6- LB R4l
W5 A MK-9(H,) (16.7%) . MK-9(Hy) (29.3%) .
MK-9(Hs) (43.4%)F1 MK-10(Hg) (10.6%). 7K fiti
HIBERRZENE L7 O e Arid i W Z AT 3], 45
SITRWIGRE leaf-16 (149422 LI h o 2 W AR
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Figure 5  Phospholipid compositions of strain
leaf-16. A: using molybdophosphoric acid reagent;
B: using molybdenum blue reagent; C: ninhydrin
reagent; D: using  anisaldehyde  reagent.
Abbreviations: DPG: diphosphatidylglycerol; PE:
phosphatidylethanolamine; PI: phosphatidylinositol;
PL: unidentified phospholipid; GL: glycolipid.
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