American Journal of Bioscience .
2014; 2(1): 13-18 SCIBIICGPG
Published online December 30, 2013 (http://www.sciencepublishinggroup.com/j/ajbio) Science Publishing Group
doi: 10.11648/j.2jbi0.20140201.13

Diversity, bioactivity and drug development of cultivable
actinobacteria in six species of bird feces

Xiu Chen', Shumei Qiu’, Yi Jiangl’ *, Li Han?, Xueshi Huangz, Chenglin Jiang1

"Yunnan Institute of Microbiology, Yunnan University, 650091 Kunming, Yunnan, P. R. China
*Institute of Microbial pharmaceuticals, College of Life and Health Science, Northeastern University, 110819 Shenyang, P. R. China
3Yunnan Wild Animal Park, 650218 Kunming, Yunnan, China

Email address:
jiangyi@ynu.edu.cn (Yi Jiang)

To cite this article:

Xiu Chen, Shumei Qiu, Yi Jiang, Li Han, Xueshi Huang, Chenglin Jiang. Diversity, Bioactivity and Drug Development of Cultivable
Actinobacteria in Six Species of Bird Feces. American Journal of Bioscience. Vol. 2, No. 1, 2014, pp. 13-18.

doi: 10.11648/j.ajbi0.20140201.13

Abstract: In order to provide new lead compounds of drugs and other useful products, the diversity and some bioactivities
of cultivable actinobacteria in bird feces were studied. Six species of bird fecal samples were collected from Yunnan Wild
Animal Park and bank of Dian Lake. The pure cultures of actinobacteria were isolated from these samples by using 6 different
media. The partial 16S rRNA gene sequences of 207 selected strains were determined, the phylogenetic analysis was carried
out, and antimicrobial activities were determined by using agar diffusion method. The key biosynthase genes (CYP, AHBA
and SAL) of antibiotics were also detected. Total 28 genera of actinobacteria from all the samples were identified. 18 genera
were identified from Pavo cristatus feces, and the actinomycete community was the most complex. These actinobacteria had
wide inhibition against 10 test microbes. In 30, 25, and 36 strains of actinobacteria isolated from Pavo cristatus, Grus
Jjaponensis and Larus ridibundus feces respectively, average 22.2%, 8.9% and 40.8% strains had the key biosynthase genes
encoding CYP, AHBA and SAL. More than 30 bioactive secondary metabolites from several actinomycete strains of bird
feces were isolated and characterized. The study shows that birds fecal actinobacteria are a new potential source for
discovering new drugs and other industry products.
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1. Introduction 2. Material and Methods

Success rate of synthetic compounds developing into drug .
2.1. Sample Collection and Pretreatment

has been only 0.005%, the rate of all natural product has
been 0.6%, while the rate of microbial natural product has
been 1.6% according to the latest statistics in 2012 [1].
Actinobacteria were one of microorganisms producing the
most antibiotics and other drugs. Most of applying
antibiotics in clinic and agriculture are produced by
actinobacteria now.

In order to open up new sources of actinobacteria for
discovery of novel leader of drug, some mammal fecal
actinobacteria were studied in our laboratory, and showed
good prospects [2-3]. In this study, actinobacteria in 6
species of bird feces were isolated and identified, and some
of the purified isolates were screened by using designed
primers of key biosynthase genes of 3 groups antibiotics.

Fresh fecal samples of 5 species of birds were collected
from Yunnan Wild Animal Park, Kunming, Yunnan, China,
and put instantly in septic bags, Nov 2012. Fresh feces of
Larus ridibundus were collected from side of Dian Lake,
Kunming. Larus ridibundus, one of typical migrants, was
living in Siberia, Russia. Over thirty thousands of Larus
ridibundus come to Dian Lake, Kunming, from December to
next March every year for passing winter. Every sample was
mixed by 3 to 8 health individuals of the same species
respectively. 2g of every samples were put in sterile plate,
and dry naturally at 28 °C for 10 days. The dried samples
were pre-treated at 80 °C for lhour. A brief introduction for
the 6 species of bird which belong to 6 different orders
respectively is summarized in Table 1.
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Table 1. A brief introduction for the 6 species of bird

Species names of birds Order Protection class in China* List of international organization*
Larus ridibundus Ciconiiformes LPW TUCN ver 3.1

Pavo cristatus Galliformes 1 TUCN, CITES

Aceros undulatus Coraciiformes 11 /

Grus japonensis Gruiformes 1 TUCN, CITES

Cygnus cygnus Anseriformes / UNCNCM

Struthio camelus Struthionformes / TUCN ver 3.1

* LPW =The Law on the Protection of the Wildlife of the People's Republic of China;
TUCN=World Conservation Union; International Union for Conservation of Nature and Natural Resources,;

CITES= Convention on International Trade of Endangered Species;

UNCNCM=United Nations Convention on the Nature Conservancy in Munich.

2.2. Isolation of Actinobacteria

The pretreated samples were respectively put in 18ml
sterile water with 0.1% Na4P,0s, shaken for 1 hour at 180
rpm and treated by 160w ultrasonic for 40s. The suspension
was diluted from 10™" to 10”7, 200ul of the last 3 suspensions

were used for spreading onto plates respectively, and
incubated at 28 °C for 10 to 30 days. Single colonies were
transferred to the same medium, and incubated at 28°C for 7
days. The purified strains were preserved in 20% glycerol at
-20°C. The isolation media are shown in Table 2.

Table 2. The isolation media for actinobacteria.

Media Composition (content /L) * pH

YIM 171 Glycerol 10g, asparagine 1g, K;HPO,-H,0 1g, MgSO,4-7H,0 0.5g, CaCO; 0.3g, Vit mixture 3.7mg [4], Trace salts 1mL, 7780
Potassium dichromate 50mg, or Nystatin 50mg,nalidixic acid 25mg and sodium penicillin Smg, agar 13g. o

YIM 212 mycose 5g, proline 1g,(NH4),SO; 1g, NaCl 1g, CaCl, 2g, K,HPO, 1g, MgSO,7H,0 lg, Vit mixture 3.7mg, 70-72
Potassium dichromate 50mg, or Nystatin 50mg,nalidixic acid 25mg and sodium penicillin Smg, agar 13g. o
Humic acid 1.0g (10ml 0.2N NaOH), proline 1g, NaCl 2g, KCI 2g, MgCL-6H,0 2g, K,HPO, 1g, KNO; 0.2g, CaCOs

YIM 704 0.2g, FeSO, 0.01g, Vit mixture 3.7mg, Potassium dichromate 50mg or Nystatin 50mg,nalidixic acid 25mg and sodium  7.4-7.6
penicillin S5Smg, agar 13g.

M4 Xylitol 1g, (NH4),SO, 2.64g, KH,PO, 2.38g, KoHPO4 5.65g, MgSO47H,O 1g, CuSO,45H,O 0.0064g, FeSO4-7H,O 70-72
0.0011g, MnCl,-4H,0 0.0079g, ZnSO4-7H,0 0.0015g, Nystatin S0mg and nalidixic acid 25mg, agar 13g. o

M5 The same as M4 except using Xylan 1g instead of Xylitol 1g 7.0-7.2

M6 The same as M4 except using Lignin 1g instead of Xylitol 1g 7.0-7.2

* Each medium should add 1000ml water

2.3. Preservation and Classification of the Actinobacteria

Genomic DNA of cell mass of 177 purified actinobacteria
was extracted. Isolation of chromosomal DNA, PCR
amplification and direct sequencing of the purified products
were carried out as described approaches by Cui [5]. The
partial 16S rRNA gene sequences were aligned with
sequences collected from EzBioCloud using BLAST
(http://eztaxon-e.ezbiocloud.net/) [6]. Phylogenetic trees
were constructed by using the neighbor-joining method
based on the closest sequences of the strains isolated mostly.
The taxonomic state of all strains was identified to genus
level.

2.4. Determination of Antimicrobial Activities

Antimicrobial activities of 177 purified actinobacteria
from 3 species of bird feces were determined by using agar
diffusion method.

2.5. Detection of Key Biosynthase Gene of 3 Group
Antibiotics

Key biosynthase genes for three biocative metabolites of
177 purified strains were detected by PCR amplification.
Gene encoding cytochrome P450 hydroxylase (CYP) genes,
represent the biosynthetic enzyme gene clusters for polyene
antibiotics [7]. AHBA represent the produce of key
biosynthase genes of 3-amino-5-hydroxybenzoic acid for
biosynthesis of antibiotics with Ansa Rings etc. [8]. SAL
represent the product of epoxidase genes of salinomycin [9].
Purified genomic DNA of every strain was amplified using
CYP encoding gene specific primer 1R: 5' -TGG ATC GGC
GAC GAC CGS VYC GT- 3, primer 1F: 5' -CCG WAS
AGS AYS CCG TCG TAC TT- 3'; AHBA primer 2R: 5'
-AGA GGATCC TTC GAG CRS GAG TTC GC- 3', primer
2F: 5'-GCA GGA TCC GGAMCA TSG CCATGT AG- 3
SAL encoding gene specific primer 3R: 5' -AAC GCA CGC
CGT CGT TCT C- 3', primer 3F: 5' -ACC AGC CAC TTG
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CCG TCC TC- 3!, respectively. The positive strips were
recorded. Some DNA of the gels with positive strips was
extracted and cloned, and the full genes of CYP, ABHA and
SAL of positive strains were sequenced, and aligned with
sequences from GenBank using BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) for further
confirmative identity.

3. Results

3.1. Selective Isolation for Fecal Actinobacteria

Existence of Gram negative bacteria in a large number in
animal feces is a main problem for isolation of
actinobacteria. In order to eliminate the trouble of Gram
negative bacteria and fungi, and obtaining much more
un-known actinobacteria, some key points for selective
isolation of actinobacteria are following as, based on the
results of this test: fresh feces samples was dried at 25-28 °C
for 7 to 10 days; pre-treatments of dried samples at 80 °C for

60 min had been carried out before isolation; nystatin 50 mg,
nalidixic acid 25 mg and 5 mg penicillin for 1000 ml
medium has to be added in the isolation medium for
inhibiting fungi and Gram negative bacteria; in general the
dilution of samples should be 107 and 10'6; YIM 171, YIM
212, and YIM 704 media were better for selective isolation
of actinobacteria from fecal samples. One week was enough
for their growth.

Total 472 pure cultivated strains of actinobacteria were
isolated. 177 strains of them were selected after throwing out
the duplicates strains based on morphological and cultural
characteristics.

3.2. Composition of Fecal Actinobacteria

16S rRNA gene sequences of 207 selected strains were
determined; the phylogenetic analysis was carried out. Total
28 genera of actinobacteria from the 6 bird feces were
identified. The composition of cultivable actinobacteria in
the 6 species of bird feces were showed in Table 3 and Fig. 1.

Table 3. Distribution of different genera in the 6 species of animal feces

Genus 1* 2 3 4 5 6 Genus 1 2 3 4 5 6
Arthrobacter \ y \ \ y Mycobacterium \
Blastococcus \ \ Nocardia \ \
Brevibacterium \ Nocardiopsis y

Cellulosimicrobium y \ \ Oerskovia \ \ \
Corynebacterium v Plantibacter v

Curtobacterium \ Promicromonospora \

Dietzia \ y Pseudoclavibacter \

Gordonia y \ Pseudonocardia \

Isoptericola y Rhodococcus \ y y \ y
Janibacter \ Sanguibacter y

Kineococcus v Streptomyces v v v v N v
Kocuria y Verrucosispora \
Leucobacter \ Yaniella < <
Microbacterium \ \ y

Micromonospora \ Total 28 8 18 8 9 5 4

1*=Larus ridibundus; 2=Pavo cristatus; 3= Aceros undulates; 4=Grus japonensis; 5= Anas Cygnus; 6=Sttruthio camelus. \=having

Psaidoclasib,

i

100 Microbacteriion folicrum DEM 12966 TCAT249TE0) kS -
Plan‘ibm:'ler ~flewuss B 20710 2TCATZ 10417
¥ stemsJG 31 TGUIS0EST)
Curtobacterivem fuiberan DS 20542T 3557437
ter helvols DS 2041 9T 07T 440)
Jarmibacter imosus DS 11 ldJ*(‘.’USb}!J) -
rskoviaenterophilaDSM 43852TCI2380T)
Semguibacter sueresil 5T26T3T9253)
funoot ATCC BAASE6T(AYIU136D) <~
Promicramonospora kroppenstedtii RE16T (A7 09608)
J'scprz\'n:-c-"a nanjingensis HL TTHQ222356)
NCDOD 7297 CI76566)
Arthrobacter citrews DSM 201337 EEOTIT -
Focuriarosea DSM 20447 T 2T 7360
52 Tarielia halcfolerans YIMTU0E3T(AY 228470 =T
ineccoccus xinjiongensis32-20T(EU5 43662

> eganis ATCC 25902T(L40612)
Strapiompces viclascens |SP 5123T(AYP90T73T)

Nocardiopsis alba DS 45377 THPTE83)
1y 1 sporanilbagias TVULTEULS6562)

Ferrucosispora gifhornensis DEM 44337T(¥15523)

Puesdonocardia milotrophics TSN 200507 (AT252824) g

20 orprebacteriim rerosis DSM 30743T(XEB 4446)
1 Dret=ia maris DEM 4367273929000
o Gordonia sputi DSM 453296 TRI20634)
Hso pn ATCC 700731 TCAYASTOTO)
R‘zodccocnrua sqw DSM 20307T 20306140
T4 isOFN S1 7T EI006090%

Figure 1. Neighbour-joining Phylogenetic tree were constructed based on the most closed strain in its genus. The Black fonts represent actinobacteria that
have been reported animal-related. 1 =Larus ridibundus (green lines), 2 =Pavo cristatus (blue lines), 3 =Aceros undulates (ved lines), 4 =Grus
Japonensis (black lines), 5 =Anas Cygnus (puple lines), 6 =Sttruthio camelus (vellow lines).
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Table 3 and Fig. 1 summarized fecal actinobacterium
community of the 6 species of bird feces. Total 28 genera of
actinobacteria were isolated and identified. The 28 genera
belong to eight orders and sixteen families of the class
Actinobacteria. Members of order Micrococcales included
six  families,  Brevibacteriaceae, = Micrococcuaceae,
Sanguibactersceae, Micromonosporaceae,
Microbacteraceae and Cellulomonadaceae, and 12 genera.
Members of order Corynebacteriales included 4 families,
Mycobacteriaceae, Corynebacteriaceae, Dietziaceae and
Nocardiaceae, and 6 genera. The actinobacterium
communities were different in each bird feces. Members of
18 genera of actinobacteria were isolated and identified in
feces of Pavo cristatus, and was the most complex diversity
in the 6 species. Only 4 genera were identified in feces of
Sttruthio camelus. Members of Streptomyces were the first
preponderant microbe, cfu/g of dried samples were up to 107
to 10°, and distributed in all 6 species of bird feces.
Arthrobacter and Rhodococcus were identified in 5 species
of birds. Cellulosimicrobium, Microbacterium and
Oerskovia were identified in 3 species of animals. Sixteen
genera, Brevibacterium, Corynebacterium, Curtobacterium,

Isoptericola, Janibacter, Kineococcus, Kocuria,
Leucobacter, Micromonospora, Mycobacterium,
Nocardiopsis, Plantibacter, Promicromonospora,

Pseudinocardia, Sanguibacter and Verrucosipora were

Diversity, Bioactivity and Drug Development of Cultivable Actinobacteria in Six Species of Bird Feces

identified only in one species of bird feces. Micromonospora,
Nocardiopsis and Pseudinocardia of them were common in
soil, but rare in 6 species of birds’ feces. It was worth to
point out that the 16S rDNA sequence similarities of 13 of
207 sequenced strains with valid published species were
below 98.5%. In other words, about 6% pure cultivated
strains were un-known, and were possible novel species
[10-11].

These results indicated that, first, members of three
genera Streptomyces, Rhodococcus and Arthrobacter were
the widest distribution in a largest amount in bird feces;
second, composition of actinobacteria with Chemotype IV
to IX [12-13] and globose or bacilliform shapes, specially
order Micrococcales, were the richest diversity, and
occurred a high frequency in most part of tested bird feces.
These are distinct features of cultivable fecal actinomecete
community differing from those in soil, oceans, water
environment and plant.

3.3. Bioactivites of the Isolates

The antimicrobial activities of 91 purified strains were
determined, and key genes related the synthesis of 3 groups
of compounds: CYP, AHBA, SAL, were screened in 91
purified strains genome DNA. The results were shown in
Table 4.

Table 4. Number of positive strains with antimicrobial activities and three genes from 3 bird fecal strains.

Bioactivities and Genes

Pavo cristatus

Grus japonensis Larus ridibundus

Number of test strains 30
Antimicrobial activities:
Bacillus subtills
Pseudomonas aeruginosa
Monilia albican

Escherichia coli

Bacillus subtilis

Fungus pathogen* 10090501
Fungus pathogen 10090502
Fungus pathogen 10090504
Fungus pathogen 10090506
Fungus pathogen 100914-2

N = = N W O N = NN =

Average of positive strains (%) .0%
Biosynthase genes:

CYP 6
AHBA 5
SAL 9

Average of positive strains (%) 22.2%

25 36

2 2

1 7

4 13

2 3

4 1

0 0

2 4

2 3

5 6

0 5
8.0% 12.2%
6 14

0 11

0 19
8.0% 40.8%

*=un-identified pathogens of Yunnan pseudo-ginseng

As depicted from Table 4 that fecal actinobacteria from
Pavo cristatus, Grus japonensis and Larus ridibundus had
average 5.0%, 8.0% and 12.2% respectively antimicrobial
activities against 10 tested bacteria and fungi. These results
demonstrated that actinobacteria from bird feces have wide
and universal anti-microbial activities, and the activities of
some strains were high.

Polyene antibiotics, including a large of number of

antibiotics, such as nystatin, amphotericin, pimaricin, and
candicidin etc., were produced principally by soil
actinobacteria, have wide antifungal activities [7, 14]. Ansa
antibiotics had very high activities to cancers. The
biosynthase genes encoding these typical compounds have
been cloned [8]. It is discovered recently that antitumor
activity of salinomycin, an old antibiotic, was higher than
taxol for 100 times [15]. Finding the similar compounds
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and their producers of three typical antibiotics were useful.
The 3 genes in 91 strains were detected (Table 4). In 30, 25,
and 36 actinobacteria strains which isolated from Pavo
cristatus, Grus japonensis and Larus ridibundus feces
respectively, average 22.2%, 8.9% and 40.8% strains had
the three genes strips. These strains having three synthase
genes included members of Streptomyces (12 strains),
Rhodococcus, Arthrobacter and QOerskovia. The most of
them were isolated from fecal samples collected from
Larus ridibundus. It needs to direct that actinobacteria from
bird feces had not only high antimicrobial activities, but
contained the 3 biosynthase genes in a very high frequency.
Maybe this is extraordinary.

Those strains possessing these qualities at the same time:
possible novel species, having antimicrobial activities and
useful genes, fast growth, and easy to culture, will be
selected as the candidate of study future for discovery of
leading compounds of new drugs.

3.4. Secondary Compounds with Bioactivities

More than 30 bioactive secondary metabolites from
several actinomycete strains of bird feces were isolated and
characterized. Actinomycte strain YIM 100961 from Larus
ridibundus feces produced Erythronolide (analogues with
formulas such as C21H3206, C21H3406, C20H3207,
C20H3407, C21H3407, C21H3607), Erythromycins
(analogues C30HS51INO10, C31H53NO10, C32HS55NO10,
C33H57NO10), Spinosyn (C44H77NO13, C45H79NO13)
and Leuconolide analogues (C20H3207, C21H3407), total
19 compounds. Strain YIM 100790 from Larus ridibundus
feces produced Kidamycin, Erythromycins, Actinomycin
and high level of unknown polyketide. Desertomycin,
Oasomycins and a large numbers of un-known polyketides
and compounds with C59H78019, C47H76019,
C57H102NO024, C62H90N3019 have been isolated and
characterized from other strains of bird feces. It is indicate
that these compounds from actinomycetes of bird feces have
diverse and complex structure and various activities.
Structures and activities of some novel compounds of them
are studied.

4. Discussion and Conclusions

Development of new drug from Actinobacteria is
increasingly  difficulty because massive bioactive

metabolites from the actinomycetes were found and studied.

Finding novel leads from un-known actinomycetes in
special habitats is one of new hope. Up to now, the research
works on animal fecal actinobacteria, as a type of a source
for developing novel drugs, were still few. Study on bird
fecal actinobacteria was not found in science literatures.
Results of this study indicated that diversity of bird fecal
actinobacteria was not only very complex comparing with
the diversities of actinobacteria in soils, oceans, plants and
extreme environments, but difference each other; the
bioactivities of bird fecal actinobacteria were also wide and
high, and biosynthase genes of some antibiotics were existed

widely. More than 30 bioactive secondary metabolites from
several actinomycete strains of bird feces were isolated and
characterized. Streptomyces and Rhodococcus were the
predominant genera and the widest distribution in bird feces.
Genome sizes of this two genera are up to 9x10 base pairs,
one of biggest genome in actinbacteria, and some species of
them contained 20 or more natural product biosynthetic gene
clusters [16-18]. So we showed further a assumption that
first, the function of actinobacteria in intestinal tract of hosts
was played mainly role going through bioactive substances
produced by members of the two genera; Second, secondary
metabolites with bioactivities produced by fecal
actinobacteria except pathogen, should be no toxic or lower
toxic to their hosts. Maybe these are very important
excellence comparing with the metabolites from other
microorganisms from other habitats. Therefore, animal fecal
actinobacteria are one of important and new resources for
developing novel antibiotics, anti-tumor agents, enzyme
inhibitors, immunity inhibitor, agricultural chemicals,
enzymes and other useful products. Related research works
should be strengthened in the future.

Some actinobacteria were the pathogen of human and
animal [19]. Like Cellulosimicrobium funkei, first
discovered in the clinical, was an opportunistic pathogen,
close to Oerskovia in taxonomy and mainly infected people
who have immune dysfunction or inflammation [20-21],
was found in this study, too. Therefore the fresh fecal
samples have to be collected from health bodies. The whole
research work should be carried out under strict sterile

conditions for avoiding pathogens to interference
researchers.
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