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ISOL ATION OF STRAINS OF ACTINOMY CETES FROM
JIAOZHOU BAY AND THEIR ACTIVITIES AGAINST
PATHO GENIC MICROORGANISM S

QUI Hong-Xia" * ,HOU Zhu-Mei® and QIN Sng'
(1. Ingitute of Ocearology , Chinese Academy of Stiences, Qingdao 266071 ;
2. Mllege of Environmenta and Chemical Engneering, Yanshan Universty , Qinhuangdeo 066004 ;
3. Hydrobiology and Engi neering Department of Laiyang Agricutura Gollege ,Qingdao  266109)

Abgtract : We iolaed 224 actinomycetes grainsfrom sea mud sanples and 32 grainsfrom ssawater sanplesd the Jiaozhou Bay ,
China,by usng the oread method. The ilates were grouped into 7 groups on bads of their morphologca characteridics Their
antimicrobia activities were teded by usng the cup-plate method, and the results sowed that 7 % o the ilaes were active
agang Staphylocoocus aureus, 11 % againg Sarcire lutea, 10 % againg Escherichia cdli , 11 % againg Badillus pyocyaneus, 2 %
agang Candida albicans, 5% againg Cryptococcus, 6 % againd Streptomyoss viri dochromogenes , and 6 % againg Mucor miehd.
Twenty-two percent of ilates were active agand at leag one of the tes organians Our data suggeds that acti nomycetes from the
Jiaozhou Bay , China can produce various active metalolites againg pathogenic microorganiams, which provids unique and plentiful
urces to screen novel naturd products for combating diseases in man.
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Marine microorgani ams represent the grestes number
of undescribed merine ecies’!. These microorgani sms
have received increased attention over the pag 20 years
because of their physologica functions, exhibiting prop-
erties that possbly may provide a urce for new sec-
ondary metalolites with potentialy can be used as thera
peutants'?> . Marine microorgani sms have been screened
for rovd microbid products exhibiting antimicrobial , an-
tivira , anti-tunor , as well as anticoagulant and cardio-
active properties’® 7. Identified active conpounds may
function as nodel gructures in the discovery and develop-
ment of new drugs®®!. It has recently been shown that
marine actinomycetes can produce usgful diverse conr
pounds with biological activities’® 2. In this paper we
describe the i lation of actimomycetes grainsobta ned from
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the Jisozhou Bay , China and the subsequent screening for
drainswith activity againg pathogenic microorgani ams

1 Materialsand Methods

1.1 Media The Gause No. 1 medium was used for
actinomycetes fermentation containing 20g luble garch,
1g KNO;s, 0.59 K;HPO,, 0.59 Mg0, - 7H,O, and
0.01g FeO, - 7TH,O disolved in 500m. seawater and
500 didilled water. The pH was adjugted to 7. 2 before
derilization. Actinomycetes were iolaed on ©lid Gause
No. 1 including 0. 003 % potassum dichromate medium.

This was prepared by disolving 15g agar and 0.03 g
potassum dichromate in 1000 m. Gause No. 1 medium
before autoclaving. 0.003 % potassum dichromate was
used to suppress the growth of non-acti nomycetes drains
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1.2 Smple cdlection  Seawater and marine mud
samples were oollected by derile methods from gx differ-
ent locations of the coag of the Jiaozhou Bay , Qingdeo ,
Eag China. The sanples were placed into gerile plagic
tubes and sealed immediately by cgps to awid contaminar
tion and then taken to the laboratory where they were pro-
cesd within 2h &ter oollection.
1.3 Isolation of actinomycetes Portions (0.5nL) of
sawvater sanpleswere tranderred to 4. 5ml of derile sear
water and subsequently diluted to 10 and 10°. 0. 1nL of
serid dilutions (0, 10 and 10°) and read onto selective
lid medium, Gause No. 1 plates including 0. 003 %
potass um dichromate. Sanples were incubated at 28
Snge olonies were observed dter 3—4 days, picked
and tranderred to Gause No. 1 agar plates and dlowed to
grow for one nore week at 28

One gram of each mud sanple was resugpended in
9L of derile seawater. The mixtures were shaken vigor-
oudy for 30min and then dlowed to sttlefor 1h. Rortions
(0.5mL) from the remaining sugpendgons (undiluted)
were tranderred to 4. 5mL of derile seawater and subse
quently diluted in seps of 10, 10?, and 10°. Theredfter
0. 1L o the dilutions (10, 10°and 10°) was gread oo
a st of ilation plates as the scawater sanples Snge
oolonies were observed dter 3—4 days of incubation at
28 and subsequently tranderred onto Gause No. 1 agar
plates to alow for further growth about 4 — days.
1.4 Classfication of actinomycetes The ilated

drains were preliminarily identified acoording to the tradi-
tional norphological criteria, including the characterigics
of colonieson the plates, subdrate norphology , aeria hy-
phae and the pigments produced!™!. On bassdf the nor-
phology these drains were divided into severa different
groups

1.5 Screening for antimicrobial activity of the iso-

lates
1.5.1 Pathogenic microorganisms and culture con-
ditions We sHected 8 representative pathogenic mi-

croorganiams to gudy the antimicrobial activities of the
ilates: two granrpostive grains ( Staphylococcus aureus
(QVICC 26003) and Sarcine lutea (i olated from the clin-
ic)), two gramrnegative drains ( Escherichia cdli
(35218) and Bacillus pyocyaneus (OMCC 10104) ) , two
yeag drains ( Candida albicans (isolated from the clinic)
and Cryptococcus (al isolated from the dlinic)) , one
Sreptomyces  drain - ( Streptomyces  viri dochromogenes
(T(7)) and one fungus drain  ( Mucor miehe
(T(p84)). The microorgani Sms used for antimicrobid as
says and their culture oonditions are sown in
Tab. 1. Streptomyces viridochromogenes and Mucor miehel
were made kindly available by the Department of Organic
Chemidry, Univerdsty of Gittingen, Gittingen, Germany
D-37077. The other drains were provided by the Shang
hai Inditute of Materia Medica, Chinese Acadeny of Sci-
ences, Shanghai , P. R. China.

Tab. 1 Ted-microorganisms used to assay the liquid cultures o actinomycetes and the respective culture conditions

Srains Test- i croorgani sms Media Tenperature Conmponents of media(1L)
bed exract, 1 tone
G* bacteria Staphyl ocoocus aureus (OMICC 26003) Nutrient-broth medium 37 Zg(] 09 pep %
= O
Sarcine lutea (ilated from the dinic) pH7.0—7.2
G Escherichia cdli (35218)
bacteria Badillus pyacyaneus (OMICC 10104)
Yeadt Candida abicars (islated from the dinic) Sahouraud s medium 28 10g peptore, 40g guose, pH neture
Cryptacoocus (i olated from the clinic)
.. 10g mdlt , extract , u
Streptomyces Streptomyoes viri dochromogenes (T157) M3~ medium 28 % 49 yeadt “09
s, pH 7.4
fungus Mucor miehe (T(D84)

Note: G* = gram positive bacteria; G~ = gram negdtive bacteria® - ” means as above

1.5.2 Sample preparation Pure cultures of i~

lates were inoculated in 20mL liquid Gause No. 1 medium
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and grown in 100m_. Erlenmeyer flasks were employed at
28 for 4 days with shaking a 180r/ min. All the fer-
mented broth cultures were filtered with filter pagper and
the filtrates were used for antimicrobia teging.

The antimi-
crobia activity of the actinomycete i olates was teged us
ing the cup-plate method (cylinder plate method) 141
The pathogenic tes bacteria and fung were incubated in
liquid media for 18 —24h and 48h, regectively. The
sugpenson was adjusted to 2—8 x 10’ cell per nL by
adding gerile ditilled water. A diluted sugpenson (5 %,
v/ v) was placed into the regective lid medium which
melted at about 45  and then the sugpendon was mixed
and poured onto Petri dish (9cm in diameter) . Sainless
ged cups (6mm in diameter) were placed on the surface
o the assay plates and 30U L of the actinomycetesfiltrate
was pipetted into the cups. The assay plates were incubat-
eda 37 (bacteria) or 28 (fung) and inhibition
2ones (mm) around the cups were measured by ruler ter
24h (bacteria) or 48h (fung) .

1.5.3 Asay do antimicrobial activity

2 Results

2.1 Isolation of actinomycetes
Eghteen sea mud and 12 seawater sanples were ool-

lected from the coad of Jiaozhou Bay , China. A total of
224 actimmycetes drains were iolated from sa mud
sarples, and 32 drains from seawater samples. Through
combining the results of 16S rDNA sequencing (data not
shown) with the nomphological characteridics of the iso-
lates , we found one grain as Actinomadura and 14 grains
as Streptomycss Pp of 15 ivlates These results sugges
that Streptomyces is the nmpg dominant actinomycetes
gecies present in our sanpling area.

Asoutlined in Tab. 2, dl the iolates were divided
into one of the following groups: White series, Qay s
ries, Brown series, Fink series, Blue sries, Qeen sries
and Yelow series Asdignment to a certain goup was
based on the oolor of the mature gporulated aerid mycdi-
um, diffusble pigments and oolor of the subgrate mycdli-
um when grown on Gause No. 1 medium. A totd of 95 of
iolates belonged to the White series, 121 to the Qay s«
ries, 6 to the Brown series, 5 to the Ank series, 8 to the
Blue sries, 5 to the Green series and 16 to the Yellow
sries There were different colors of aeriad hyphae and
subgrate hyphae in every series Ilates belonging to ei-
ther the White series or Gay series were the principa
drains anong the ilated actinomycetes from Jieozhou
Bay , China.

Tab.2 Characterigics by cdor o hyphae and subgrate hyphae and generating diffusible pigment or not and number o the actinomycete

groups isdlated from the Jiaozhou Bay, China

Gowp Qolor of aerid hyphee @olor of subdrate hyphee Diffusble pigment Number of drains
White sries White Mlorless, ydlow, pde ydlow, orange, red, green, broan, blue + 51
Milky white lorless, ydlow 13
Yellowi sh white olorless, ydlow, brown + 19
Unclear Qeen, yelow, white, brick red, brown + 12
Qay sies Pde gay Mlorless 25
Qay Qolorless, pde ydlow, ydlow, green, blue + 82
Dark gray Violet , yelow, pink , white + 14
Brown sries Browni sh orange Yellow, green, brownish red + 5
Qayish brown Qolorless 1
Ank series RAnk Pde ydlow, orange , white, brown + 5
Blue sries Pde blue Blue, yelow, broan + 4
Blue Mlorless, ydlowish broan, ydlow, grayish biue + 4
Qeen sries Qeen Pde ydlow, ooffee, brownish red + 5
Yelow series Yelow Yelow, pink , violet + 9
Dark yellow Brown , yelowish brown , pde yelow, brownish red + 7
Totel 256
Note? - " =can not generating diffusble pigment} +” =can generating diffusble pigment or can not
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2.2 Screening for antimicr obial activity

All the 256 ilated drains were fermented and as
sayed for antimicrobid activity agang 8 representétive ted-
microorganiams (see Fg. 1 for an exanple of actinomycetes
possess ng activity againg to different pathogens) . The per-
centage of active actiromycetes drains againg Gam'
Qam” becteria, yead, Streptomyces, and fungus was
13%, 12%, 7%, 6% and 6%, repectivdy (see
Tab.3). The activity againg the following drains,
Staphylococcus aureus, Sarcine lutea, Escherichia cali ,

Bacillus pyocyaneus, Candida albicans, Cryptococcus,
Streptomyces viridochromogenes, and Mucor miehe was
7%,11%,10%, 11%, 2%, 5% ,6% and 6 %, re
Pectively (see Tab. 3). Out of 256 grains, 57 ilates
showed activity againg at leas one of the tesed microor-
ganians Thus the overdl percentage of active qrains is
22% (Tab. 3) . The activity of the different series

(White series, Qay series, eic) was A9 invedigated
and the results are sown in Tab. 4.

Fig 1 The picturesd inhikition zone (trangparent zone) of marine actinomycetes againt Staphylocoocus aureus (A)
Sardine Iutea (B) , Escherichia cdi (C) , Badillus pyocyaneus (D) , Candida albicans (E) , Cryptocoocus (F) , Strep
tomyoes viridochromogenes (G and Mucor miehd (H) . It showed that the actinomycetes had the antimicrobia activity in
the pictures because the diameter of inhibition zone was nore than 8 nm. Anpng them, the diameter of inhibition zone

was high to 20mm in H picture

Tab.3 Results o the screening tegsfor antimicrobial activities d actinomycetes isdated from the Jiaozhou Bay, China

Number of active acti-

Number of active actino-

Type d drains romycetes Activity ratio ( %) Ted-icroorgani sms mycetes Activity ratio ( %)
G* bacteria 34 13 Staphyl ocoocus aureus 19 7
Sarcine lutea 29 11
G’ bacteria 30 12 Escherichia cdli 25 10
Badillus pyocyaneus 27 11
Yeat 19 7 Candida albicans 5 2
Cryptocoocus 14 5
Srepto Str
o : i : :
fungus 16 6 Mucor miehei 16 6
Tota 57 22 Tota 57 22

Note : Activity ratio = Number of active acti nomycetes againg different tes-microorgani sms/ Number of acti nomycetes i lated ; Number of actinomycetes i olat-

ed =256



653

Tab.4 Antimicrobial activities of different group o actinomycetes

o Nu@ o N“”mq adive Activity ratio ( %)
drains drains
White sries 95 2 2
Qay wries 121 = “
Brown series 6 2 ®
Ank series 5 ! 2
Blue series 8 3 ®
Qeen sies 5 2 ©
Yellow series 16 1 ®
Totd 256 > =

Note : Activity ratio = Number of active acti nomycetes’ Number of actino-
mycetes

3 Discussion

Large scale ilation and purification of microorgan-
igms is the labor-consuming but pivotal gep to screen po-
tentialy intereging antimicrobial cormpounds which might
be of intereg for the pharmaceutica indugry, and the
sarch for rovd metalolites, epecidly from actino-
mycetes, requires a large number of iolates As sugged-
ed by Oskay , et al. ™! this search will perhaps be more
promisng when plentiful diverse actinomycetes are sanr
pled and screened. It wasfor this reason that , we i lated
actinomycetes from marine sanples We observed that sea
mud sanples contain nore drains than scawvater sanples
Perhaps actinomycetes adgpt nore eadly to the sea mud
environment. We a9 observed that the subgrate colors
and aerid mycelium were very different among seven
groups, which show that the norphologica diversties of
these actinomycetes i Dlates are high. S we maybe proba-
bly obtain different kinds of metalolites of which ome
new produced by the ilated actinomycetes. The mgjority
o the iolates were assigned to the White series or the
Qay series However |, the activity ratio of i lates belong
ing to these series was lower than the activity ratio of -
lated belonging to any other series (except pink series)
(Tab. 4). Thisinplies that the normal group of actino-
mycetes belong to the White and Gray eries and that the
drains posessng antimicrobid activity belong to the yel-
low and green series.

In this gudy, the cup-plate method was used to
<reen for drains with antimicrobia activity. The cup-

plate method is awidely used method because it is highly
sendtivity , snple , and cog-effectivel*®!. Moreover , it is
easy and quick to operate because the liquid of the culture
grains can be used directly for screening without further
extraction. The results of cup-plate screening have good
credibility. For exarple, iolate M048 has dready been
found to produce rovel anticancer antibiotics”!, M095
can produce holomycin which has antifungal abilities™®!
and M097 can generate the known conpounds L actoqui no-
mycin and Feigriolides A , B, C and D'*®!. The fur-
ther works for finding nore new active conpounds from
i olates have been carrying on.

All actinmmycetes grains iolated were teged for an
timicrobia activity with the ultimete aim to find novel ac-
tive compounds. Our results indicate that the percentage
of actinomycetes with activity againg Candida albicans
was the lowes in conparion to the other drains tesed
(Tab. 3) . It is perhgps worthwhile to intendfy the
screens for actinomycetes that possess antimicrobia activi-
ty againg Candida albicans because it is afrequent yeast
pathogen and isnt senstive to the sarples of actino-
mycetes inour sudy. Nevertheless, the activity of ilates
againg other tes organisms is very srong (Fig. 1) . A
promisng 22 % of actinomycetes i Dlates generated active
metabolites againg at leas one of the test microorgani sms.
Our results indicate that the actinomycetes ilated from
Jiaozhou Bay , China harbor a sgnificant cgpacity to pro-
duce a variety of antimicrobia metalolites, which makes
them intereding for programs screening novel natura
products Srains with antimicrobial activity offer anple
opportunities to generate new types of active conpounds.

4 Conclusion

Two hundred-andifty Sx (256) actinomycetes were
ilated from sea mud and seawater sanples The ratio of
actinomycetes with antimicrobia activity againg one of the
tes drains ( Staphylococcus aureus, Sarcine lutea, Es
cherichia cdli , Bacillus pyocyaneus, Candida albicans,
Cryptococcus,  Streptomyces viridochromogenes, and Mu-
cor miehe) was 22 %. The activity of the actinomycetes
ilates is higher againg bacteria than againg the other
teq organians  Iolaes with antimicrobia activity could
be a candidate source for new active antimicrobial com-
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pounds and can be dof interes for the pharmaceutica in-
dudry.
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