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Follow up characterisation of rhizoplane strepto-
mycetes isolates of Cyprus papyrus from an Egyptian
wetland and their antimicrobial activities
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During an investigation of actinomycetesfrom papyrusrhizoplane samplesfrom Egyp-
tian wetland, 120 streptomycetes were recovered, morphologically characterised and
assessed for their antimicrobia activity. The dominant rhizoplane streptomyceteswere
grey colour group, which represent Sreptomyces anulatus. Most of the isolates (80%)
were active against one or more of the organisms tested (two Gram negative bacteria,
three Gram positive bacteria, two yeasts and two filamentous fungi). Most of the anti-
biotic- producing isolates possessed white or grey colour. Strong antibiosiswas exhib-
ited against Saphylococus aureus, Bacillus subtilis and Aspergillus niger (71, 60 and
48%, respectively), while only 8% of isolates displayed an activity against Escherichia
coli.
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I ntroduction

Actinomycetes are among the most widely dis-
tributed group of microorganismsin nature. They
arefound in variousregionsthroughout theworld,
abundantly in all soilsboth cultivated and uncul -
tivated, fertile and infertile (Goodfellow &
Simpson 1987). Their major function is the de-
composition of plant and animal residues
(Williams & Vickers 1988). This group encom-
passes genera covering awide range of morphol-
ogy, extending from the coccus and rod-coccus
cyclethrough fragmentation hyphal formsto gen-
era with permanent and highly differentiated-
branched mycelium (Piepersberg 1993).

Since the discovery of actinomycin, actino-
mycetes have provided many important bioactive

compounds of high commercial value and new
bi oactive substances are continued to beroutinely
screened. Approximately two thirds of naturally
occurring antibiotics, including many of medical
importance, have been isolated from actino-
mycetes (Okami & Hotta 1988, Takisawa et al.
1993). At least 2700 antibiotics are known to be
produced by the genus Sreptomyces sp. (Watve
et a. 2001). In many academic as well asindus-
trial laboratories, the search for novel productsis
now focused on rare generaor on well-character-
ised species that are found in unusua environ-
ments. Thelist of novel actinomycetes and prod-
ucts found in microbiologicaly unexplored en-
vironments around the world suggest that acare-
ful exploration of new habitats might continueto
be useful (Nolan & Cross 1988, Courtois et al.
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2003). In fact, the data concerning the distribu-
tion of actinomycetesin papyrusrhizoplanefrom
Egyptian habitats are rare (Rifaat et al. 2002).

The aim of the present work was to under-
take afollow up characterisation of streptomyc-
etesisolated from papyrus rhizoplane and to as-
sess their antimicrobial activities.

Material and Methods

Sampling, isolation and characterisation of
streptomycetes

Cyprus papyrus root sampleswere taken in June
(2001) from a floating mat at Dahab Island in
River Nile, Egypt. The rooting rhizomes of pa-
pyruswerefreed mechanically in original wetland
water and the root tips with a diameter of 1-3
mm were cut off to a maximum length of 5 cm.
The roots were washed in sterilised distilled wa-
ter for six times. The washed roots were asepti-
cally homogenised in water and the macerate was
serially diluted (10°-10°) and plated (Rifaat et
al. 2000). The selective media used were: Starch
— casein agar with cycloheximide (SC) (Kuster
& Williams 1964), Malt-yeast extract with cy-
cloheximide (MY) (Pridham et al. 1956-57) and
Difco-actinomycetes isolating agar (DA). The
plates were incubated at 28° Cfor 1-2 weeks.
The streptomcetes were isolated and subjected
to purification. Adequate phenotypical test set and
chemotaxonomical investigations were used for
theidentification of strainsfollowing the method
given by International Streptomycetes Project
(ISP) (Shrilling & Gottlieb 1966) and (Williams

et a. 1983). In order to confirm identified strep-
tomycetesisolates, aselected set of isolateswere
subjected to partial or full 165 rDNA technique
(Pospiech & Neumann 1995). The obtained data
were analysed according to de Soete (1983) and
Ludwig & Strunk (1997).

Antimicrobial activity

Theantimicrobial activity wasdetermined by the
plate diffusion method (Bauer et al. 1966) against
bacteria (Escherichia coli, Pseudomonas aure-
ginosa, Bacillussubtilis, Bacillus cereus, Saphy-
lococcusaureus), yeasts (Candida albicans, Sac-
charomyces cerevisiae) and fungi (Aspergillus
niger, Fusarium oxysporium). Inhibition zones
weredetermined after 24 h for bacteriaand yeasts
and after 48 h for fungi.

Results and Discussion

Distribution of streptomycetes

Total bacteria and streptomycete counts ranged
from2.4x10°t0 1.7 x 10°6CFU g%, and 1.3 x 10*
to 1.5 x 10° CFU g%, respectively (Table 1). In
relation to the total bacteria counts, percentage
of streptomycetes ranged from 0.9 to 8.8.
Streptomycete counts varied in the different iso-
lation media used which is in accordance with
the results of Rifaat et al. (2002) and Kovacs et
al. (1997). Such variation may be dueto the pres-
ence of NO;~ as N source in the (CS) medium
which favour streptomycetes. Due to changesin
nitrification activity, water of theriver Nilehasa

Table 1. Number of total bacteria and streptomycetes count at different selective media

Name of media Total bacteria Streptomycetes Percentage of
count (CFU*/g) count (CFU/g) streptomycetes

SCr* 1.7x10° 15x10° 8.8

MY*** 1.5x 10° 1.3x10* 0.9

DA**** 24x10° 1.6x10* 6.6

*CFU = Colony forming unit

**SC = Starch-casein agar with cycloheximide
***MY = Malt-yeast extract with cycloheximide
*** DA = Difco-actinomycetesisolating agar



typical yearly cyclein NO;~level reaching achar-
acteristic peak in June. A relative NO;~ abundance
may probably also result from the aerobic condi-
tions which lead to an increase in the nitrifica-
tion, these are favoured by the active root respi-
ration processes.

Characterisation of streptomycete isolates

In the present study, 120 streptomycete isolates
were recovered from the papyrus root samples.
Theseisolateswere divided into six clusters (Te-
ble 2). Some of the clusters, however, are single
member phenons. According to theidentification
scheme of Williams et al. (1983), the dominant
cluster was identified as S. anulatus which isin
agreement with the results of Rifaat et al. (2002)
and Kovacset al. (1997). The other clusterswere
identified as S. lavandulae, S. lydicus, S. rimosus
and S antibioticus. Rifaat et al. (2002) detected
S lavendulaein papyrusrhizoplane, whereasthe
last three clusters are newly reported in the present
study. Therest of theisolates could only beiden-
tified as Sreptomyces species. Thedifferencesin
colour of aerial myceliaof theisolates may indi-
cate the diversity of streptomycete isolates.
Distributuion of streptomycetes clustersindicate
differencesin the degree of adaptation to theroot
rhizoplane environment among the clusters.
Physiologically, these groups differ only in mi-
nor characteristics, however, from abroad spec-
trum of dominant cells present in the root envi-
ronment members of many different generacould
grow into population of significant size.

A selected set of isolates, from different
streptomycete clusters, were investigated based
on 16S rDNA sequence. Because of the high
phenotypical variability of S. anulatus and the
lack of reliable genotypical data on streptomyc-
etes we chose only two strains from the domi-
nant group for partial 16SrDNA sequencing. The
first and second strains showed a complete iden-
tity with S lipmanii and S. griseus, respectively.
Thisresult confirmed the previousresults because
S lipmanii and S. griseus are a nomen species
belonging to S. anulatus based on the pheno-
typical scheme of Williams et al. (1983). From
the second cluster, which is determined as S.
rimosus, one strain was chosen for 16S rDNA
sequencing. It showed identity with S. anandii.
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Thisresult was also confirmed because S anandii
is a nomen species belonging to S. rimosus
(Waksman & Lechevalier 1953). In case of S
antibioticus and S. lydicus, the phenotypical
markers are highly characteristic for these given
speciesand give apreciseidentification. One se-
lected strain from S. lavendulae cluster was se-
lected for 16S rDNA sequencing. This strain
showed a complete identity with S toxytricini,
which is a nomenspecies of S. lavendulae
(Waksman & Curtis1916). Thelast cluster could
only be identified as Sreptomyces species and
the molecular characterisation of these isolates
based on 16SrDNA sequencesare under investi-
gation.

Antimicrobial activity

The antimicrobial activity of the streptomycetes
isolates from papyrus rhizoplane of Egyptian
wetland was determined. Eighty percent of iso-
lates were active against one or more of the test
organisms (Table 3). Such percentage is higher
than those described by many authors who stud-
ied the activity of rhizoplane actinomycetes
(Rovasz et al. 1986, Saadoun et a. 1999). The
highest percentage of activeisolateswasobtained
against S. aureus, B. subtilis and As. niger (71,
60 and 48% respectively). On the other hand, the
lowest percentage exhibited against E. coli (8%).
The percentage of isolates exhibiting antibiosis
against C. albicans, Sac. cervisiae and F.
oxysporium were almost equal. Many authors
have mentioned that streptomycetes isolates ap-
pear to be highly active against Gram-positive
bacteria (Saadoun et al. 1999). However, the per-

Table 2. Distribution of streptomycete clustersin papyrus
rhizoplane

Name of streptomycete Number of streptomycete
clusters isolates

Sreptomyces anulatus 70

Sreptomyces rimosus 12

Sreptomyces lydicus 10

Sreptomyces antibioticus 11

Sreptomyces lavendulae 2

Sreptomyces species 15
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centage of isolates active against fungi seemsto
beequal to that previoudly investigated in actino-
mycetes screening studies (Crawford et al. 1993).
About 20% of the streptomyceteisol ates showed
no antibiotic activity towards the test organisms.
The percentage of active isolates varied within
each colour series (Table 3). The most antibiotic
producing isolates belonged to thewhite and grey
isoletes (90 and 81%, respectively) and only 64%
of isolates producing no aeria mycelium were
active against one or more of the test organisms.
The comparison of the antimicrobial activity be-
tween all colour classes against the test organ-
isms showed that isolatesin theyellow seriesdis-
played the highest antibiosis against the Gram-
negative organisms tested (E. coli and P. aure-
ginosa). No activity was indicated in the green
series against these test organisms. Arai et al.
(1976) indicated that the most active species of
streptomycetes were found in the grey and yel-
low series and no antibiotic producing species
were described in thewhite and green series. Most
of the streptomycetes from the yellow, green and
white series inhibited the growth of Gram-posi-
tive bacteria, S. aureus and B. subtilis. Isolates
of the yellow, green and white were found to be
active against yeasts and fungi. This difference
in the effect of antibiosis may imply that the in-
vestigated streptomycetesbelong to different spe-
ciesor to the same one but they produce different
bioactive compounds.

Table 3. Antimicrobial activity of the streptomycetesisolates.

Conclusion

Papyrusrhizoplane from Egyptian wetland habi-
tats is a rich source of diverse species of
streptomycete clusters. The dominant cluster was
S anulatus, however S lydicus, S rimosus, S
antibioticus and S. lavendulae were al so present
in minor proportions. The papyrus rhizoplane
from Egyptian wetland habitat provide strepto-
mycete clusters, which probably possess antimi-
crobial properties. The large spectral and high
level percentage of the activity showed by the
isolated streptomycetes al so provide evidence that
these habitats harbour species that can produce
useful secondary metabolites. In the same
streptomycete clusters, most of the isolates
showed different activity spectrum.

References

Arai, T., Kuroda, S. & Mikami, Y. 1976. Classification of
actinomycetes with reference to antibiotic production.
In: Arai, T. (ed.) Actinomycetes: the Boundary Micro-
organisms, pp. 261-276, Topan Company, LTD., To-
kyo and Singapore.

Bauer, A. W., Kirby, W. M., Sherris, J. C. & Turk, M. 1966.
Antibiotic susceptibility testing by standard single disk
method. American Journal of Clinical Pathology 45:
493-496.

Courtais, S., Cappellano, C. M., Ball, M., Francou, F. X.,
Normand, P, Helynck, G, Martino, K. S. J., Hopke, J.,
Osburne, M. S, August, P. R., Nalin, R., Guerineau,

Grey White Green Yellow No. of Total % of

Aeria antimicrobial
mycelium isolates

Number of isolates 90 10 5 4 11 120

Number of activeisolate 73 9 4 3 7 96

% of activeisolates 81 90 80 75 64 80

Escherichia coli 2 4 0 2 2 10 8

Pseudomonas aureginosa 2 2 0 1 1 6 5

Bacillus subtilis 51 8 3 3 7 72 60

Bacillus cereus 33 5 2 2 7 49 40

Saphylococcus aureus 62 9 4 3 7 85 71

Candida albicans 28 3 1 2 2 36 20

Saccharomyces cerevesiae 17 3 1 2 1 24 20

Aspergillus niger 39 7 4 3 5 58 48

Fusarium oxysporium 16 5 1 1 3 26 22




M., Jeannin, P, Simonet, P. & Pernodet, J. L. 2003.
Recombinant environmental libraries provide access
to microbial diversity for drug discovery from natural
products. Applied Environmental Microbiology 69: 49—
55.

Crawford, D. L., Lanch, J. M., Whipps, J. M. & Ousley, M.
A. 1993. Isolation and characterisation of actinomyc-
ete antagonists of fungal root pathogen. Applied Envi-
ronmental Microbiology 59: 3899-3905.

de Soete, G. 1983. A |east square algorithm for fitting trees
to proximity data. Psychometrica, 48: 621-625.

Goodfellow, M. and Simpson, K. E. 1987. Ecology of strep-
tomycetes. Frontiers in Applied Microbiology 2: 97—
125.

Kovacs, G, Halbritter, A. & Nikolausz, M. 1997. Classical
and molecular microbiological approach of cattail rhiz-
oplane bacteriology. Proceedings of the international
regiona seminar environment protection: modern stud-
iesin ecology and microbiology. pp. 147-149. Ukraine.

Kuster, E. & Williams, S.T. 1964. Selection of mediafor
isolation of streptomycetes. Nature, 202: 928 —929.

Ludwig, W. & Strunk, O. 1997. ARB A software environ-
ment for sequence data. pp. 1-127. Tu, Munchen.

Nolan, R.D. & Cross. T. 1988. Isolation and screening of
actinomycetes. In Goodfellow, M., Williams, S.T. and
Mordarski, M. (eds). Actinomycetes in Biotechnolo-
ay, pp. 1-32. Pergamon Press. Oxford.

Okami, Y. & Hotta, K. 1988. Search and discovery of new
antibiotics. In: Goodfellow, M. Williams, S. T. & Mo-
trdarski, M. (eds). Actinomycetesin biotechnol ogy, pp.
33-67. Academic press, Inc., San Diago.

Piepersberg, W. 1993. Sreptomyces and Corynebacteria.
In: Rehm, H.J. & Reed, G. (eds). Biotechnology, pp.
434-468. VCH. Weinheim.

Pospiech, A. & Neumann, B. 1995. A versatilequick-prep
of genomic DNA from Gram-positive bacteria. Trends
Genetics, 11: 217-218.

Pridham, T.G, Anderson, P, Foley, C., Lindenfelser, H.A.,
Hesselting, C. W. & Benedict, R.G. 1956-57. A selec-
tion of mediafor maintenance and taxonomic study of
Sreptomyces. Antibodies Annual 1956-1957: 947—

SUO 55(1), 2004 5

953.

Rifaat, H. M., Marialigeti, K. & Kovacs, G. 2000. Investi-
gations on rhizoplane actinomycetes of cattail (Typha
angustifolia) from aHungarian wetland. SUO 51: 197—
203.

Rifaat, H. M., Maridligeti, K. & Kovacs, G. 2002. Investiga-
tions on rhizoplane actinobacteria communities of pa-
pyrus (Cyperus papyrus) from an Egyptian wetland. Acta
MicrobiolgicalmmunologicaHungaria49: 423-432.

Rovasz, K., Zicsi, A., Conteras, E., Szell, V. & Szabo, 1. M.
1986. Uber die Darmaktio- noningceten — Geineinshaf -
ten einiger Regenwurum. OpusculaZoolgicaBudapest.
22: 85-102.

Saadoun, ., Al-Momani, F., Makawi, H. I. & Moham-
med, M. J. 1999. Isolation, identification and analysis
of antibacterial activity of soil streptomycetesisolated
from north Gordon. Microbs 100: 41 — 46.

Shirlling, E.B. & Gottlieb, D. 1966. Methods for charac-
terisation of Sreptomyces specie. International Jour-
nal of Systematic Bacteriology 16: 313-340.

Takisawa, M., Colwell, R.R. & Hill, R.T. 1993. Isolation
and diversity of actinomycetes in the Chesapeak Bay.
Applied Environmenta Microbiology 59: 997—-1002.

Waksman, S. A. and Curtis, R. E. 1916. The actinomyces
of the soil. Soil Science 1: 99-134.

Waksman, S. A. and Lechevalier, H. A. 1953. Sensitivety
of actinomycetal esto isonicotinic acid hydrazide com-
pared to other synthetic and antibiotic antituberculosis
agents. American Review Tuberculosis 67: 261-264.

Watve, M. G, Tickoo, R., Jog, M. M. & Bhole, B. D. 2001.
How many antibioticsare produced by the genus Srep-
tomyces ? Archives of Microbiology 176: 386—390.

Williams, S. T. Goodfellow, N., Alderson, G., Wellington,
E. M. H., Sneath, P H. A, & Sackin, M. J. 1983. Nu-
merical classification of Sreptomycesand related gen-
era. Journa of General Microbiology 129: 1743-1813.

Williams, S. T. and Vickers, J. C. 1988. Detection of actin-
omyctesin natural environment, problemsand perspec-
tives. In Okami, Y., Beppu, T. & Ogawara, H. (eds)
Biology of Actinomycetes. 88, pp. 265-270. Japan
Scientific Societies Press, Tokyo.

Received 1.9.2003, Accepted 29.1.2004






