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Isolation, diversity and antibiotic activity of actinomycetes
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Abstract: [Objective] To study the diversity and antimicrobial activity of culturable actinomycetes
isolated from Apis cerana cerana Fabricius, which will help to explore new microbial resources.
[Methods] Seven media were used to isolate actinomycetes from Apis cerana cerana Fabricius
samples. 16S rRNA PCR-RFLP analysis and 16S rRNA gene sequences analysis were utilized to
study their genetic diversity. Pathogenic bacteria and fungus were used in antimicrobial test for
exploring the antimicrobial activity of strains. [Results] Based on the morphology of the colonies
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and cells of the new isolates, 84 representative strains were selected from 180 isolated strains. They
belonged to 3 orders, 4 families and 4 genera, and in which there were 6 strains identified as potential
new novel species. The best surface disinfection method was by using 0.2% CIO, for 60 s. The
results of the antimicrobial test showed that 31.0%, 48.8%, 27.4% and 16.7% of the representative
strains presented antimicrobial activity to Escherichia coli, Bacillus subtilis, Curvularia lunata and
Fusarium oxysporum, and 71.4% of the representative strains presented antimicrobial activity to at
least one pathogen. [Conclusion] The choice of the isolation method has a great impact on isolation
result. There are great diverse actinomycetes inside Apis cerana cerana Fabricius and they have great
antimicrobial activity, which show a great potential for researching new bioactive compounds.
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Table1 Concentration gradient and time gradient of the different surface disinfectant

Surface disinfectant Concentration (%) Time (s)
H,0, 1.0 60, 90, 120
2.0 60, 90, 120
3.0 60, 90, 120
ClO, 0.1 60, 90, 120
0.2 60, 90, 120
0.3 60, 90, 120
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Table 2 The isolation and cultivation results of

actinomycetes in Apis cerana cerana Fabricius samples
disinfected by two disinfectants with different
concentrations and time

Disinfection time (s)

Type of Concentrations
disinfectants (%) 60 90 120
H,0, 1.0 A +
2.0 A =
3.0 + - -
ClO; 0.1 + + -
0.2 + + -
0.3 + - -
- +
A

Note: —: No colony; +: Several colonies, surface disinfection is
successful; A: Surface disinfection is incomplete.
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Figure 1 The number of isolates in Apis cerana cerana

Fabricius samples disinfected by two disinfectants with
different concentrations and time
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Table 3 The identification results of actinomycetes in Apis cerana cerana Fabricius
samples disinfected by different disinfection

- Type of Order Representgtive strains T - Squence
disinfectants number (accession No.) identity (%)
H,0, 1 SCAUEA? (KJ093410) Streptomyces coelicoflavus DSM 41471(T) 100
2 SCAUEAS (KJ093411) Streptomyces cellulosae ATCC 25439(T) 99.4
3 SCAUEAG6 (KJ093412) Streptomyces olivaceus DSM 40072(T) 100
4 SCAUEA7 (KJ093413) Streptomyces albogriseolus DSM 40003(T) 98.8
5 SCAUEAS (KJ093414) Streptomyces cellulosae ATCC 25439(T) 99.2
6 SCAUEA10 (KJ093415) Streptomyces cellulosae ATCC 25439(T) 99.4
7 SCAUEALI1 (KJ093416) Streptomyces olivaceus DSM 40072(T) 100
8 SCAUEA12 (KJ093417) Streptomyces olivaceus DSM 40072(T) 100

ClO; 1 SCAUEA13 (KJ093418) Streptomyces olivaceus DSM 40072(T) 99.0
2 SCAUEA 14 (KJ093419) Streptomyces olivaceus DSM 40072(T) 100
3 SCAUEAL15 (KJ093420) Streptomyces griseoplanus DSM 40009(T) 99.7
4 SCAUEA16 (KJ093421) Streptomyces badius DSM 40139(T) 99.9
5 SCAUEA17(KJ093422) Streptomyces fimicarius DSM 40322(T) 100
6 SCAUEA18 (KJ093398) Streptomyces fradiae DSM 40063(T) 97.0
7 SCAUEA19 (KJ093423) Streptomyces cellulosae ATCC 25439(T) 99.4
8 SCAUEA20 (KJ093424) Streptomyces cellulosae ATCC 25440(T) 99.4
9 SCAUEA21 (KJ093425) Streptomyces coelicoflavus DSM 41471(T) 100
10 SCAUEA22 (KJ093426) Streptomyces coelicoflavus DSM 41471(T) 100
11 SCAUEA23 (KJ093427) Streptomyces microflavus DSM 40331(T) 100
12 SCAUEA24 (KJ093428) Streptomyces cellulosae ATCC 25439(T) 99.4
13 SCAUEA25 (KJ093429) Streptomyces olivaceus DSM 40072(T) 100
14 SCAUEA26 (KJ093430) Streptomyces olivaceus DSM 40072(T) 100
15 SCAUEA27 (KJ093431) Streptomyces griseoplanus DSM 40009(T) 99.7
16 SCAUEA28 (KJ093432) Streptomyces albidoflavus DSM 40455(T) 100
17 SCAUEA29 (KJ093409) ‘l:/;iggzn%nospora purpureochromogenes DSM 100
18 SCAUEA30 (KJ093433) Micromonospora saelicesensis DSM 44871(T) 99.5
19 SCAUEA31 (KJ093434) Streptomyces albidoflavus DSM 40455(T) 100
20 SCAUEA33 (KJ093435) Streptomyces albogriseolus DSM 40003(T) 100
21 SCAUEA34 (KJ093436) Streptomyces griseorubens ATCC 19909(T) 99.9
22 SCAUEA35 (KJ093437) Streptomyces brevispora KACC 21093(T) 100
23 SCAUEA36 (KJ093438) Streptomyces microflavus DSM 40331(T) 100
24 SCAUEA37 (KJ093439) Streptomyces shenzhenensis DSM 42034(T) 100
25 SCAUEA38 (KJ093440) Streptomyces intermedius DSM 40372(T) 99.8
26 SCAEUA39 (KJ093441) Streptomyces microflavus DSM 40331(T) 100
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Figure 2 Electrophoresis pattern of 16S rRNA gene of representative strains digested with Hha I
Note: M: Marker (2 000 bp); 1-19: SCAUEC29, SCAUED22, SCAUEC22, SCAUED30(A), SCAUEB34, SCAUED20, SCAUEDA40,
SCAUECS, SCAUEA34, SCAUEA33, SCAUEA30, SCAUEA28, SCAUEA23, SCUAEA21, SCAUEA18, SCAUEA35, SCAUEA29,

SCAUEA19, SCAUEA2S.
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Table 4 Electrophoresis pattern types of 16S rRNA PCR-RFLP

16S rRNA 16S rRNA
. . Fingerprint patterns
Representative strains Aha 1 Hae I Msp I Hinf 1 Genetic types
SCAUEB45, SCAUEB36, SCAUEB31, SCAUEBS3, a a a a A
SCAUEC24, SCAUEC4, SCAUEC23, SCAUEE14(A),
SCAUEA18
SCAUEB37 a a d B
SCAUEC29 a g C
SCAUEB10, SCAUEG1, SCAUEDI11, SCAUEDA46, d a D
SCAUED33, SCAUEB40, SCAUED34, SCAUEA2S,
SCAUEA19
SCAUEB32 © b c E
SCAUEBI12, SCAUECI11, SCAUEB26, SCAUED37, a a F
SCAUED30(B), SCAEUEB24, SCAUEB2, SCAUEB2S,
SCAUEC19, SCAUEB52, SCAUEB48, SCAUEBI9,
SCAUEB20, SCAUEB29, SCAUEC1, SCAUEC32,
SCAUEC17, SCAUEE30, SCAUEB30, SCAUEA23,
SCAUEA35
SCAUED47, SCAUEE4, SCAUED30(A) € d c ® G
SCAUEB47 a a a b H
SCAUEE13, SCAUED23 f e d a I
SCAUED7 f a d a J
SCAUEDA45 b a a f K
SCAUEB4 b f e b L
SCAUEC7, SCAUEE17 b c a a M
SCAUEC6 a a f g N
SCAUEB38, SCAUEBI13, SCAUEB23, CAUEBS6, b a a a (€]
SCAUEC26, SCAUEC10, SCAUEC28, SCAUED24,
SCAUEC3, SCAUEE10, SCAUEDS, SCAUEB21,
SCAUEG1(A), SCAUEE14, SCAUEB40, SCAUEEI1S,
SCAUEB46, SCAUEBS1, SCAUEB25, SCAUEC22,
SCAUEB34, SCAUECS5, SCAUEA34, SCAUEA33,
SCAUEA21, SCAUEA25
SCAUED22 g g h a P
SCAUEA30, SCAUED40 g e h a Q
SCAUEA29 h e d a R
The total of electrophoresis pattern types 8 7 8 7 18

http://journals.im.ac.cn/wswxtbcn



2417

SCAUEB45 —

SCAUEB36

[ SCAUEB31

| SCAUEB53
SCAUEB35

l SCAUEAI18

| SCAUEC24

| SCAUEC4 1

SCAUEC23

' SCAUEE14(A)

| L SCAIEC6

SCAUEB37

' ScaukByy

' SCAUEBI2 —

[ SCAUECI1

| SCAUEA35

| SCAUEB26

SCAUEA23

| SCAUED37

| SCAUED30(B)

| SCAUEB30

| SCAUEC17

|

[

[

|

[

|

|

[

|

|

|

|

SCAUEC32
SCAUECI

SCAUEB29
SCAUEB20
SCAUEBI19
SCAUEB48
SCAUECI19
SCAUEBS52
SCAUEB28
SCAUEE30
SCAUEB24
SCAUEB2

SCAUEB38
SCAUEA25
SCAUEA21
SCAUEA33 2
SCAUECS

| SCAUEB34

| SCAUEC22
SCAUEC29

| SCAUEBI3

| SCAUEB23

| SCAUEB6
SCAUEB5I

' SCAUEC26

| —— SCAUEC10

| SCAUEB46

SCAUEC28

| SCAUEEI5

| SCAUED24

| SCAUEB25

SCAUEB40

I | |SCAUEC3

| SCAUEE10

| SCAUEA34
SCAUEGI(A)

| SCAUEB21

| SCAUEE14

| SCAULCH

| SCAUEE17

b SCAUEDA45

| SCAUEBI10
SCAUEA28

' SCAUED34

| SCAUEA19

| SCAUEGI

|

[

SCAUED33
SCAUEDA46
SCAUEDI1
SCAUEB4

-
| SCAUEE13
SCAUED23
| SCAUED7
| SCAUED22
| SCAUED40 7
SCAUEA30
SCAUEA29 — 8

L | 11

| | SCAUED47
| | SCAUED30(A) | 9
SCAUEE4
: . . . , : SCAUEB32  — 10
0.57 0.64 0.71 0.79 0.86 0.93 1.00

B 3 {XFTE#k 16S rRNA PCR-RFLP B H IR E
Figure 3 Dendrogram of UPGMA obtained from 16S rRNA PCR-RFLP of representative strains
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Figure 4 Phylogenetic tree ananlysis of 16S rRNA of actinomycetes from Apis cerana cerana Fabricius
Note: The number at the nodes indicate the level of bootstrap support (%) based on 1 000 resampled data sets; only values above 50% are
given. The scale bar corresponds to 0.02 substitutions per nucleotide position. Numbers in parentheses represent the sequesnces accession
number in GenBank.
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Table 5 The identification results of actinomycetes in Apis cerana cerana Fabricius samples
16S rRNA
Representaftive strains Genetic Wfesreat 50 it S;‘ii:ﬁ:]e
(accession No.) 16S rRNA groups %)
genotype

SCAUECS6 (KJ093397) N 1 Streptomyces samsunensis DSM 42010(T) 97.9
SCAUEA18 (KJ093398) A 1 Streptomyces fradiae ATCC 19760(T) 97.0
SCAUEC4 (KJ093401) A 1 Streptomyces fradiae ATCC 19760(T) 96.9
SCAUEB23 (KJ093406) ¢} 2 Streptomyces olivaceus ATCC 3335(T) 100
SCAUEB46 (KJ093407) (0} 2 Streptomyces coelicoflavus DSM 41471(T) 100
SCAUEB21 (KJ093408) (0} 2 Streptomyces marokkonensis DSM 41918(T) 99.7
SCAUED45 (KJ093400) K 3 Streptomyces flavogriseus ATCC 25452(T) 99.7
SCAUEDA46 (KJ093394) D 4 Streptomyces aureus DSM 41785(T) 96.1
SCAUEG] (KJ093396) D 4 Streptomyces aureus DSM 41785(T) 96.0
SCAUEB4 (KJ093395) L 5 Streptomyces deccanensis KCTC 19241(T) 98.7
SCAUEEL13 (KJ093402) 1 6 Micromonospora aurantiaca DSM 43813(T) 100
SCAUED23 (KJ093403) I 6 Micromonospora saelicesensis DSM 44871(T) 98.7
SCAUED40 (KJ093404) Q 7 Micromonospora saelicesensis DSM 44871(T) 99.6
SCAUEA29 (KJ093409) R 8 Micromonospora purpureochromogenes DSM 43821(T) 100
SCAUEE4 (KJ093405) G 9 Nocardiopsis synnemataformans DSM 44143(T) 98.9
SCAUEB32 (KJ093399) E 10 Gordonia bronchialis ATCC 25592(T) 97.1

B 5 MOKRKEKSEXRSHRBENBRYERE E 6 HAoRKERANEERENBERYERE
Figure 5 The result of antagonism between some Figure 6 The result of antagonism between some

representative strains and Curvularia lunata

Note: 1-5: SCAUEE15, SCAUEB2, SCAUEC3, SCAUEB21,

Curvularia lunata.

representative strains and Fusarium oxysporum

Fusarium oxysporum.

Note: 1-5: SCAUED23, SCAUEG1(A), SCAUEGI1, SCAUECS,

http://journals.im.ac.cn/wswxtbcn
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Table 6 Antimicrobial activity test of representative strains

Diameter of inhibition zone (mm) Diameter of inhibition zone (mm)

Representative strains Representative strains

A B C D A B C D
SCAUEC22 = = = = SCAUECS = = = =
SCAUEBS51 - = - - SCAUEB31 = 8 = =
SCAUEB53 - - - - SCAUEB38 - 10 22 -
SCAUEC26 - 9 - - SCAUEB53 8 - - 7
SCAUEB35 = 7 = - SCAUEB45 = = = =
SCAUEC3 - 14 24 - SCAUEB36 - - - -
SCAUEC28 7 8 22 - SCAUEB47 - - - -
SCAUEB21 7 22 - - SCAUEB48 - - - -
SCAUEB26 — — — - | SCAUEB4 = = - -
SCAUEB2 9 8 = - SCAUEA18 = 8 = =
SCAUEE13 7 = = 7 SCAUEE10 8 = 7 8
SCAUECI1 7 = - = SCAUED34 = - = =
SCAUEBS52 - = 8 - SCAUEB40 7 - = =
SCAUED30(B) - - - - SCAUEDI11 - - - -
SCAUED41 - 10 - - | SCAUED? 7 7 — 8
SCAUEC4 - - - 28 SCAUEB28 7 - -
SCAUED33 - - - - SCAUEB25 - 9 18 -
SCAUED37 - 7 - - | SCAUEA33 - - - -
SCAUEB37 = 16 8 14 SCAUEGI(A) 7 7 = =
SCAUEEIL5 - 10 20 - SCAUED23 = 7 = =
SCAUEE4 - - - - SCAUECS6 9 10 12 20
SCAUED24 8 - = - | SCAUEDS - 9 - -
SCAUEC10 - 7 - - SCAUEGI 8 7 - -
SCAUED27 7 14 22 - SCAUEB19 - 7 7 8
SCAUED46 7 16 10 - SCAUEA30 7 7 - 9
SCUAEA34 = = = = SCAUED45 = = = =
SCAUEA19 = = 8 = SCAUEE14 = = = =
SCAUEA35 8 = - = SCAUEE17 = 8 = 8
SCAUEC29 - = - - SCAUEE14(A) = 8 = =
SCAUEB6 8 - - - SCAUEB24 7 - - -
SCAUEA21 - 10 - - | SCAUEA23 7 - - -
SCAUEA28 - 16 14 10 SCAUEC30 7 - 8 8
SCAUEB29 10 16 - - SCAUEC17 - - 7 -
SCAUEC19 = 10 = = SCAUECI = 18 = 8
SCAUEB23 7 12 24 - SCAUEA29 7 7 = =
SCAUEC24 - 7 - = SCAUEB34 = 7 19 8
SCAUEB12 - 7 - = SCAUEA25 = - 8 =
SCAUEBA46 17 26 8 - SCAUEC32 - = = =
SCAUEB13 - 8 19 - SCAUEB30 - - - -
SCAUEB32 - 7 - - SCAUEE30 8 10 - -
SCAUEC7 - - - - SCAUED30(A) 11 7 = =
SCAUEB10 = = 7 g SCAUEDA40 = = 12 =
SCAUEC23 = - - - SCAUED22 = = 14 =

Note: A: Escherichia coli; B: Bacillus subtilis; C: Curvularia lunata; D: Fusarium oxysporum. —: Negative.
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