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A n t i m i c r o b i a l A c t i v i t i e s of S o m e Bacillus S p e c i e s I so l a t ed 

f r o m N i g e r i a n Soils* o 

O S S A M A M . E L - T A Y E B A N D F. E L - S A I D 

Drug Research Unit, Faculty of Pharmacy, University of Ife, Ibadan, Nigeria 

(Revision received 4 January 1971) 

Summary. A simple screening technique was applied to nineteen samples of soil 
collected in the Ibadan area and resulted in the isolation of forty-three strains of 
spore-forming aerobic rods, of which twenty strains showed antimicrobial effect. 
Most of these possessed antifungal effect. One isolate (No. 2) strongly inhibited 
Klebsiella aero genes, and another (No. 40) showed strong antibiotic effect on Gram-
positive, Gram-negative and acid-fast bacteria, yeasts and moulds. Identification of 
the isolates and characterization of their antibiotic products is under investigation. 

Resume. Une methode d'essais tres simple, etait applique aux dix neuf echantillons 
des sols recueillis de la region d'Ibadan, Nigeria. Nous avons isole 43 types des mi-
crobes, dont 20 types montraint Pactivite antimicrobienne. La plupart de ces 
types demonstrent aussi Paction fungicide. Un produit (No. 2) inhibite fortment 
Klebsiella aerogenes, un autre produit (No. 40) demonstre forte activite anti-
biotique centre les micro-organisms 'Gram-positives', 'Grain-negatives' et acid-
resistantes, aussi contre les levures et les moississures. On continue a identifier la 
nature chimique et les proprietes caracteristiques de ces produits antibiotiques. 

I N T R O D U C T I O N 

Nigerian soils have hardly been examined for antibiotic-producing bacilli; only one report 
has been published on a Bacilluspumilis strain isolated in Northern Nigeria, which produced 
an antibiotic named Tumilin', which inhibited the growth of Gram-positive bacteria 
(Bhatc, 1955). We started a programme for screening Nigerian soils for antibiotic-producing 
Bacillus spp. 

M A T E R I A L S A N D M E T H O D S 
Cultures and media 

Twenty-one test organisms were used in this study. These represented four Gram-positive, 
eight Gram-negative and one acid-fast bacteria as well as two yeasts and six filamentous 

• Th is paper was presented at the In t e rna t iona l Pharmaceut ica l Confe rence , L o n d o n , Sep tember 1969. 

C o r r e s p o n d e n c e : P ro fessor F. El-Said, D r u g Research Uni t , Facul ty of Pharmacy , Universi ty of I fe , 
Ibadan , Nigeria . 
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46 Ossama M. El-Tciyeb and F. El-Said 
fungi . Of these, six were s t andard N C T C cul tures (Bacillus sub/ilis 8236, Staphylococcus 
aureus 6571, Serratia marcescens 1377, Klebsiella aerogenes 5055, Pseudomonas aeruginosa 
6750 and Mycobacterium p/ilei 8151) while the r emainder were o u r Department 's class 
cul tures (Sarcina lutea, Streptococcus faecal is, Proteus vulgaris, Shigella sonnei, S. schmitzii, 
Escherichia coh\ Salmonella sp., Saccharomyces cerevisiae, Candida albicans, Cladosporium 
resinae, Chaetomium globosum, Aspergillus niger, A.flavus, Penicillium sp. and Mucor sp.). 

Bacteria were main ta ined on nut r ien t a g a r s lants supp lemented by 1 % yeast extract and 
subcul tured biweekly; while fungi were main ta ined on S a b o u r a u d ' s dextrose agar and sub-
cul tured month ly . All the media used were the p roduc t s of Oxoid Ltd (England). 

Soil samples 
Nineteen soil samples were collected in sterile vials f r o m var ious soils in the Ibadan area, 

avoiding places excessively con tamina ted by h u m a n s . T h e samples were examined promptly 
but no special precaut ions were taken for their s torage. 

Isolation of the bacilli 
T h e soil sample was mixed well, a small quan t i ty was suspended in IOmlof sterile distilled 

water and the suspension was immersed in a water ba th and main ta ined at 70°C for 10 min to 
kill most of the vegetative fo rms and leave only sporu la t ing micro-organisms. A large loop-
full of the t reated suspension was s t reak-pla ted on nut r ien t aga r conta in ing 1 % yeast extract 
(pH 7). The plates were incubated a t 27°C for 48 hr and the bacterial colonies were ex-
amined microscopically. Spore- forming rods were isolated and fu r the r purified by streak 
plat ing. Rough decisions were m a d e regarding which of the colonies represented 'different' 
bacilli and such isolates were tested for ant imicrobia l activities. T h e isolates were maintained 
on slants of nutr ient agar conta ining 1 % yeast extract , a n d subcul tured every 2 weeks. Since 
the ant imicrobial activity of a microbial isolate m a y change unless it is maintained under 
special condit ions, the isolates were tested as p rompt ly as possible. 

Testing the isolates 
The cross-streak technique was fol lowed. S tandard 10-cm Petri dishes were each prepared 

with 15 ml of nutr ient agar conta in ing 1 % yeast extract , p H 7 (for testing against bacteria) 
or nutr ient aga r conta ining 1 % each of yeast extract and dextrose, pH 6 (for testing against 
fungi) . The plates were pre-dried by incubat ion at 37°C for 6 - 1 2 hr, to avoid spreading 
g rowth by some bacilli. A 5 - 6 cm straight s t reak of the isolate to be tested was made at one 
side of the plate and the plates were then incubated at 27°C for 48 hr . T h e test organisms 
were then appl ied as 5 - 6 cm cross-streaks made f r o m 24-hr-old b ro th suspensions (in case of 
bacter ia and yeasts) or f rom a dilute suspension consist ing mainly of spores (in case of 
moulds) . The plates were re-incubated at 32°C (for bacter ia) or at 25°C (for fungi), and the 
g rowth of the test organisms was observed a f te r incubat ion for 24 and 48 hr (in case of 
bacter ia) or 2 and 4 days (in case of fungi). T h e a m o u n t of inhibit ion of growth, if any, was 
measured as the app rox ima te percentage of the total length of the test s t reak in which growth 
did not appea r . An al ternat ive me thod was somet imes fol lowed in testing for antifungal 
activities. In this case, the isolate to be tested was applied as a 2-cm cross in the centre of the 
plate, and the test moulds were applied as half-circles placed a b o u t 4 cm away from the 
centre of the plate. Ant i funga l activities were then evident by the failure of the mould 
growth to advance towards the bacillus growth . 
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Antimicrobial activity in Nigerian soils 47 

Confirmation of antibacterial activities by agar diffusion 
Three streaks of each active bacillus, placed 3 cm apart, were made on plates of nutrient 

agar containing I % yeast extract, pH 7. The plates were incubated at 27°C for 48 hr and 
then holes 8 mm in diameter were made with a sterile cork-borer in the growth-free part of 
the agar, adjacent to the bacterial growth. It was assumed that the plugs of agar resulting 
from boring contained the antimicrobial substances. To test for these, 10-cm plates were 
prepared each with 10 ml of nutrient agar that was allowed to harden as a base layer. This 
was followed with 4 ml of nutrient agar containing a small inoculum of the test bacteria as 
a seed layer. Four of the antibiotic-containing plugs from di fie rent isolates, were placed on 
each plate, and the plates were refrigerated for 4 hr to allow diffusion of the antibiotic into 
the agar. The plates were then incubated for 16-18 hr at the optimum growth temperature 
for the test bacteria, and the diameter of the zone of inhibition around each plug were 
measured. Antifungal activities were not confirmed by this procedure. 

Identification of active isolates 
The morphological, staining, cultural and a few of the biochemical characteristics of anti-

biotic-producing isolates were determined according to the methods outlined in Bergey's 
Manual. With a few of the isolates, full identification was carried out. 

TABLE I. Screening of soil samples for antibiotic-producing 
Bacillus species 

Soil s ample Bacillus species isolated Active isolates 

I 1 , 2 1 . 2 
II 3 , 4 — 

III 5 , 6 5, 6 
IV 7, 8 , 9 7 
V 10, 11 10, 11 

VI 12, 13, 14 12, 13, 14 
VII 15, 16 15, 16 

VIII 17, 18, 19 — 

IX 20 20 
X 2 1 , 2 2 , 23, 24 2 1 , 2 3 

XI 25 25 
xn 26, 27, 28 27 

XII I 29, 30, 31 — 

XIV 32 — 

XV 33, 34, 35 — 

XVI 36 — 

XVII 37, 38, 39 39 
XVIII 4 0 , 4 1 4 0 , 4 1 

XIX 42, 43 — 

R E S U L T S A N D D I S C U S S I O N 

Forty-three aerobic, spore-forming, rod-shaped bacterial isolates were obtained. Of these, 
twenty showed antimicrobial effect (Table 1). The results of the tests for antimicrobial 
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Antimicrobial activity in Nigerian soils 

TABLE 3. Confirmed antibacterial spectra of isolates by agar diffusion 

Zone of inhibition* (mm) o n : 

Isolate 
n u m b e r B.

 s
ub

lil
is

 

S.
 a

ur
eu

s 

S.
 /

ur
ea

 

M
. p

hl
ei

 

< 3 

k' Sa
lm

on
el

la
 • 1 
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I n.t . 23 0 0 n.t. n.t. n. t . n.t. n. t . 
2 0 10 12 15 30 n.t. 10 n.t . n.t. 
5 0 43 46 22 12 n.t. n.t . n.t . 10 
6 n.t . n . t . 10 n. t . n.t . n.t . n.t . 0 n. t . 

13 9 15 39 19 n.t. n.t . n.t. 23 0 
14 n. t . 0 0 22 n.t. n.t . n.t . n.t . n. t . 
15 15 10 18 14 n. t . n.t . 11 n.t. n. t . 
16 10 20 27 17 n.t. n.t . n.t . n.t. n. t . 
20 n. t . n. t . 0 0 n. t . n.t . n. t . n.t . n. t . 
21 0 n . t . 23 29 n.t. n. t . n.t . n.t . n. t . 
23 20 n. t . n. t . 29 n.t . n. t . n.t . n.t . n. t . 
25 n . t . n . t . 29 22 n. t . n.t . n.t . n.t. n . t . 
27 37 31 38 31 n.t. n.t . n.t . n.t . n. t . 
39 n . t . 15 29 25 n. t . n. t . n. t . n.t . n. t . 

40 12 42 42 32 12 13 27 14 12 

41 9 31 35 21 n.t. n.t . 13 n.t . 9 

* T h e aga r p lug measured 8 m m in d iameter ; n.t . , not tested. 

TABLE 4. S u m m a r y of the ant imicrobia l spectra of the isolates 

Activity against N u m b e r of 
isolates 

Gram-pos i t ive 1 
Gram-pos i t ive and acid-fast 5* 
Fung i 4 
Acid-fast and fungi 1 
Gram-pos i t ive , acid-fast and fungi 3 
Gram-pos i t ive , Gram-nega t ive , acid-fast 1 
Gram-pos i t ive , Gram-nega t ive , acid-fast and fungi 5 

* These isolates were no t tested fo r an t i funga l activity. 
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50 Ossama M. El-Tayeb and F. El-Said 
effect of active isolates on various bacteria and fungi are presented in Table 2; while those 
of the agar-diffusion confirmatory tests are shown in Table 3. Although no attempt was 
made to test all the colonies of spore-forming rods obtained, the results show a rather high 
incidence of antagonistic bacilli The majority of the active isolates show a broad spectrum of 
activity (Table 4). It was interesting to note that thirteen of the fifteen isolates tested for 
antifungal activity were found to be active, especially against Aspergillus niger and Candida 
albicans; and that Mycobacterium phlei showed sensitivity to the isolates that is almost 
identical with Gram-positive bacteria (Table 5). On the other hand, Gram-negative bacteria 
were generally resistant; Proteus vulgaris and Shigella sonnei being resistant to all the iso-
lates on which they were tested. 

TABLE 5. T h e incidence of activity against various 
groups of micro-organisms* 

Microbial groups N u m b e r of 
antagonist ic isolates 

Gram-posi t ive bacteria 15 
M. phlei 14 
Gram-negat ive bacteria 6 
Fungi 13 

* Five isolates were not tested for ant i fungal activity. 

Gauze (1961) states that on the basis of studies on Soviet and Brazilian soils it could be 
concluded that the geographic location and altitude has a dramatic qualitative and quantita-
tive influence on the incidence of antagonists among soil micro-organisms. For example lie 
reported that about 50% of Bacillus spp. isolated from soils in central Asia proved antagon-
istic while the corresponding value for the soils around Moscow was only about 10% 
(Gauze, 1961). The high incidence of antagonists and the predominance of broad spectra 
amongst our isolates seems to be in line with these findings. 

In general the antimicrobial spectra obtained here are not unique: similar spectra have 
been observed before (Korzybski, Kowszyk-Gindifer & Kurylowicz, 1967). Five of our 
isolates inhibited Gram-positive, Gram-negative and acid-fast bacteria and the fungi. The 
most interesting of these was No. 40 which strongly inhibited Staphylococcus aureus, Sarcina 
lutea, Mycobacterium phlei, Shigella schmitzii, and Candida albicans and showed some 
inhibition of all other test micro-organisms except Proteus vulgaris and Shigella sonnei. This 
isolate is tentatively identified as Bacillus subtilis. Isolate No. 41 showed a somewhat similar 
spectrum and was obtained from the same soil sample. On the other hand, at least two 
antibiotics have been previously reported to inhibit the same groups of micro-organisms 
one of them being produced by a strain of Bacillus subtilis. (Carvagal, 1953). The high inci-
dence of antifungal activity among our isolates does not fit previous findings; only thirteen 
bacillus-produced antibiotics reported earlier possess antifungal activity (Korzybski et alt 

1967). 
Isolate No. 2 is also interesting because it exerts its maximum effect on Klebsiella 

aerogenes, an organism that is generally resistant. Further investigation of these two isolates 
(No. 40 and 2) could be useful. 
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