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EXTRINSIC ALLERGIC ALVEOLITIS ASSOCIATED WITH 
CONCOCTION FOR TREATING MALARIA TRADITIONALLY 

BY 
C. 0 . ANAH, 

D E P A R T M E N T O F M E D I C I N E , 
U N I V E R S I T Y O F B E N I N & 

U N I V E R S I T Y O F B E N I N T E A C H I N G H O S P I T A L , 
P . M . B . I I I I , 

B E N I N C I T Y . 

ABSTRACT 

Two cases of allergic alveolitis are described which resulted from traditional way of treating malaria using 
local herbs. The contents of the mixture used in this treatment are not universally 
known and there are local variations. A few of the items appear to be known in most areas qf 
the country. The particular antigen responsible for this reaction will only be found if the ingre-
dients used in this concoction are made known openly by the traditionalists. This is necessary 
so that preventive measures can be taken. It is known that a large percentage of the rural popu-
lation still resort to this mode of treating malaria. 

INTRODUCTION 

Extrinsic allergic alveolitis is the result of a type III immune reaction, according to 
the classification of allergic reactions by Gell and Coombs (1963). Alveolitis is the respiratory 
manifestation >of this type 'of immune reaction. One of the best known disease entities in this 
category is the farmer's lung. This condition is not common in Tropical Africa and probably 
has not yet been reported from Nigeria. The reason for its apparent non-existence is because of 
the different circumstances in relation to dairy farming. The climatic conditions in Tropical 
Africa are such that the necessity for storing hay does not arise. Farming methods also differ 
considerably. The dairy farmers are mostly normads. They take their cattle to where the grass 
is green. You can almost always find such a place in most of Tropical Africa except in the 
Sahelian region. The present at tempt at improving dairy farming in the Mambila plateau of the 
Saudana Local Government Area of Gongola State in Nigeria should make us aware of this 
condition. These people have no grass during the dry season. Due to scarcity of groundnut 
and cotton, whose bye products form cattle feed, the need for hay may arise sooner or later. 
Other cases of extrinsic allergic alveolitis do exist in the tropics like bagassosis amongst sugar-
cane workers. 
CASE REPORTS 

I report here 2 cases of extrinsic allergic alveolitis associated with a traditional method of 
treatment. Malaria is a common condition in Nigeria and anybody who does not take prophy-
lactic antimalarial drug has an attack a few time in the year. Most of these attacks in the indi-
genous people are mild and one is not greatly incapacitated. But once or twice a year or more, 
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one suffers a more serious attack for which one is off work for a week or so. This of ten happens 
during periods of overwork and fatigue or when resistance is depressed by other intercurrent 
illnesses. These more serious attacks are generally recognised by most people, especially the 
elderly, including those who live in rural areas. 

There is a traditional therapy used in the treatment of these more severe attacks. The ingre-
dients consist of several different leaves boiled together in water together with the bark of a 
certain tree. There is a slight variation in the composition of the mixture with differing ethnic 
groups. But certain leaves like those of the lemon grass are constant with every group mixture 
plus the bark of a tree which may be the same. These are boiled in water. The sufferer takes 
a bath in the water and drinks a small quantity of it . The quantity taken is not standardised. 
(Like most traditional therapy, the greater the quantity, the more efficient it is assumed). The 
most important part of the therapy consists in the inhalation of the steam produced by boiling 
the ingredients in water. The patient is sitted on a stool with the pot of boiling medicines' 
in front of him. Both patient and pot are covered up with a blanket. The 'traditionalist ' using a 
long stick stirs the pot with this long stick, working from outside the enclosure. The patient is 
encouraged to inhale the steam produced by the operation with the poker. This procedure 
lasts for several minutes and a good sweat is an indication of a successful therapy. It is after 
this ritual that patient takes a bath with the water and drinks a measure of it too. 

This first case was that of a 53 year old businessman as reported by Anah (1977). Here 
the man took antimalarial in what appeared to be in-in-sufficient dose and so did not feel satis-
fied with his response. He therefore consulted the traditionalist. He was subjected to the ritual 
as described above, soon afterwhich he developed cough, fever and breathlessness. He responded 
dramatically to Steroid therapy. Radiological picture was consistent with an alveolitis. The 
possibilities were alveolar proteinosis, pulmonary oedema or allergic alveolitis. The diagnosis of 
allergic alveolitis was arrived at by exclusion. There was no cause for pulmonary oedema and 
the diagnosis of mocardiosis could not be made. Historical evidence combined with response to 
treatment made the diagnosis of extrinsic allergic alveolitis entertainable 

The second case was that of a 48 year old rural farmer who had the same experience. On 
the suspicion of malaria as the cause of his illness, a son bought and gave him fansidar (mixture 
of sulphonamide and pyrimethiamine) in the usual dose of three (3) tablets statim. Response 
was again rather slow .for the man who promptly returned to the village where the traditional 
treatment was administered. He reacted with fever, cough and breathlessness like the former 
patient. Treatment with steroid and nothing else proved very dramatic. 

The interesting part of this second episode was that the man was so delighted with the 
response that he agreed to go through the ritual again. Fortunately the pot of the conconction 
was still available. When he went through the process again, he reacted with same symptoms 
though he said that symptoms were not nearly as severe as the first time. He again responed 
appropriately to steroid therapy. Unfortunately it was not possible to get him to do the inhala-
tion alone without drinking it and having a bath with it. In actual fact, he still believed that it 
was the traditional treatment that was working. 

In this second patient there was a slight increase in eosinophil count but helminthic infes-
tation was not excluded. Plasma protein showed a higher globulin than albumin (4.5 to 3.4 
respectively). Immunoglobulins could not be done. 
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DISCUSSION: 
Most of the reported cases of extrinsic allergic alveolitis have been associated with precipi-

tins against fungal organisms like in Farmers' Lung where the therm ophlic actinomycetes, 
Micropolyspora faeni (William, 1963) was implicated. Others include T. vulgaris in Bagassosis 
(Salvaggis, Seabury, Buechner & Kundur, 1967) and Aspergillus fumi'gatus and clavatusin malt 
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workers' lung (Riddle et al',1968). Precipitins against foreign proteins have also been incriminated 
as in Bird fancier's lung (Hargreave et al 1961) where the antigens are in the birds droppings and 
in pituitary snuffftaker's lung (Mahon et al 1967) where the antigen is the foreign protein 
derived from the pig's or cow's pituitary. 

The cases reported here are based on clinico-radiological findings plus reasonable circum-
stantial evidence. There was also the repeated response to a challenge medication in the second 
patient. Among the constituents of the boiled mixture is the bark of a tree which could be an 
oak tree. The condition of suberosis is found in cork workers (Avil* A Vflh 1968) who vwrk 
with mouldy oak bark. The bark of this tree is generally stored, before use, though fresh ones 
can be used, according to my limited information. There can be no conclusive proof that these 
are cases of extrinsic allergic alveolitis without precipitin tests. Two difficulties arise here with 
respect to specific confirmatory tests. The first ir the identity of the substances in the mixture. 
The other is the prospect of a challenge test on the patients. The latter was refused by the first 
patient. 

These are being reported to alert practitioners in the area about the possible association. 
Those who are familiar with the constituents of the mixture of this therapy can help in eluci-
dating a relationship, if any. There is a need for more work with a view to isolating offending 
antigens. This may require working with the constitments individually. By so doing, the anti-
gen, if present, will be isolated. 

The traditionalists who'practise this mode of therapy are, at the moment , no t giving their 
knowledge away so easily. This form of therapy takes place more commonly in rural areas 
which are father away from medical facilities. In urban areas they are resorted to in such 
circumstances as are described in these cases — where scientific therapy is thought to have failed. 
It must also be remembered that these more serious attacks in the indigenous people are not so 
common. 

These patients had a restrictive type of respiratory dysfunct ion in the lung funct ion 
tests that were done — low vital capacity with near normal forced expiratory volume in the first 
second. The presence of rhonchi in the first patient could be suggestive of some obstructive 
element. This does not make the diagnosis untenable as there may be a combination of Type 
I and Type III types of reaction in allergic alveolitis (Riddle et al (1968). 
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PSEUDOMONAS AERUGINOSA INFECTIONS IN SOME HOSPITALS 
IN CALABAR, CROSS RIVER STATE 

BY 

A . A . O P A R A 
D E P A R T M E N T O F B I L O G I C A L S C I E N C E S , 

U N I V E R S I T Y O F C A L A B A R , N I G E R I A . 

ABSTRACT 
A total of 120 samples from patients in two hospitals in Calabar were examined for 

Pseudomonas aeruginosa. About 45% of the cases — burns, ulcers, septic wounds-contained 
the organism. Sinks and wash basins from wards and theatres were found t o constitute perma-
ment reservoirs of the organism and a constant source of cross-infection. The relationship 
between factors such as age, duration of stay in hospital and drainage system were outlined. 
The need to discontinue the use of Savlon disinfectant, whose active ingredient — cetrimide — 
favours the proliferation of IPseudomonas species is emphasized. 

INTRODUCTION 

The genue Pseudomonas, comprises over 100 species which are widely distributed in nature, 
living as saprophytes in water, soil, sewage and plant materials. One important species is Pseu-
domones aeruginosa (Ps. pyocyanea); which has the capability to persist and multiply in wet 
places and equipments as well as other unpromising environments. Although a known mem-
ber of the normal faecal flora (found in smalL numbers in the faeces of man and animals), 
Ps. aeruginosa is an opportunistic bacterium and rarely initiates infection but is a common 
cause of secondary infections in persons with debilated conditions. This organism has in recent 
years assumed prominence as the cause of hospital infections especially of wounds, burns and 
urinary tract. Lowbury (1975) reported that open wounds and burns treated in hospitals were 
notoriously prone to acquire Pseudomonas aeruginosa infections and that such infected lesions 
then transmitted the infecting organisms to other patients and to reservoirs -in the inanimate 
environment. Darrell and Wahha (1964) reported that apart f rom burns, ulcers and wounds, t he 
young and elderly patients with lowered resistance were particularly susceptible to infect ion 
with the organism. Ps. aeruginosa is also isolated f rom recreational waters and is o f ten incri-
minated in swimming — associated eye and ear infections (particularly the otitis externa) 
and referred to as "swimmers ear' (Cabelli and Levin, 1976). Nochiri (1975) postulated that 
many hospital acquired epidemics of infection with this organism seem to be sporadic and some 
were self-infections with organisms from the patients own gut. Taylor (1972) however found 
that many of the pseudomonas concerned were types seldom found in the gut of patients 
outside, hospitals. He suggested that after admission to hospitals, the sJknefitary tract of many 
patients become colonised by organisms present in the food and drugs administered. The high 
incidence of pseudomonads in urinary tract infections is also recognised by Moore (1966). 
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The epidemiology of Ps. aeruginosa cross infections has shown that the organism can sur-1 
vive in moist conditions even in the presence of antiseptics (Ayliffee et al. 1965). Drainage and 
plumbing systems, that is, sinks, wash basins and traps serve as reservoirs and can become 
sources of cross-infection (Kohn 1967). He also found that the patient 's exposed areas were 
colonised by strains isolated f rom the traps of wash basins previous to the patient 's admission. 
Other potential dangerous sources of cross-infection include thermometers and flowers. Phil-
hps (1966) described a small outbreak of respiratory tract infection which was caused by conta-
mination of the hgnocaine jelly used in the lubrication of endotracheal tubes. Reports also 
indicate that the organism can survive and multiply in unexpected places such as je t fuels and 
silicone fluid used atf syringe l u b r i o t e t (Kylhn and Gorril, 1967). Lowbury (1961) showed 
that working solutions of cetrimide disinfectant contained living species of Ps. aeruginosa 
and thus acted as a source of infection. 

The work outlined in this paper was aimed at obtaining an estimate of the incidence of 
infections due to pseudomonads in some hospitals in Calabar and to relate such factors as 
age, duration of stay in hospital and the role of drainage system to the incidence of infection. 
The hospitals in which patients were sampled were selected on the basis of convenience and 
not because of any special concern over the incidence of infection. The hospitals used in this 
study were the St. Margaret's General Hospital which also serves as the nucleus of the Univer-
sity of Calabar Teaching Hospital and the University of Calabar Medical Centre. 

MATERIALS AND METHODS 

Swab samples were taken from patients' wounds, burns and ulcers as well as from sinks 
and wash basins in wards and theatres. Cultures were made on simple media — Nutrient agar 
and McConkey's agar and also on selective,medium — Cetrimide agar (Oxoid CM457). They 
were incubated at 37°C for 24 hours and the organisms identified by routine methods follow-
ing the schemes of Cowan and Steel (1965). Sensitivity tests were done by the agar diffusion 
method using Oxoid multodisk 5666E containing pyopen, sulfamethoxazole plus tr imethoprim 
(SXT), tetracycline, gentamycin, ampicillin, ceparox and colistin. 
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RESULTS 

A total of 120 patients were sampled. They were made up of 40 burns, 60 septic wounds, 
10 traumatic wounds and 10 ulcers. Table 1 shows that Ps. aeruginosa was found in all cases 
either alone or in association with other pathogens. The results also show a relatively high 
incidence of infection with pseudomonads, especially in burns (75%) but a low incidence in 
traumatic wounds (20%) which were deep seated wounds and were often infected with faculta-
tive anacrobic bacteria. 

Table II shows a breakdown of the samples and incidence of infection, hospital by hospital. 
One hundred and ten samples were taken from St. Margaret's hospital-designated A and 10 
from the University Medical Centre designated B. Pseudomonas aeruginosa was found in 52 
(47%) of the patients from source A and in 5 (50%) from source B. These results are not signi-
ficantly dissimilar. Overall, the incidence of infection with pseudomonads in wounds was found 
to be 45%. 

The incidence of Ps. aeruginosa infection must, to some extent , reflect the interplay of 
certain external factors. Three of such factors are analysed in Table III. The samples were taken 
from three categories of age groups. Of the 120 patients sampled, 60 were between 0 - 2 9 years, 
42 patients were between 3 0 - 5 9 years and 18 were 60 years old and above. The results clearly 
indicate that the incidence of Ps. aeruginosa increased with the age of the patient. This pattern 

Sample 

Burns 

Septic wounds 

Traumatic wo* 

Ulcers 

TOTAL WOW 
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confirms reports of Cabelli and Levin (1976) that Ps. aeruginosa was responsible f o r major i ty 
of infections in adult pat ients debilated by b u m s , malignancies or old age. 

The duration of patients ' stay in the hospital up to the day on which samples were collec-
ted, were categorized in to th ree ; 1 - 7 days; 8 . - 21 days and 21 days and above. The numbers 
of samples obtained from-each category are also shown in Table III. While Ps. aeruginosa was 
found in 40% of the wounds f rom pat ients who had stayed in hospital for one week or less, 
50% of wounds f rom patients of 8 — 21 days stay contained the organism and 53% of the 
wounds from those who stayed 21 days or more were infected with Ps aeruginosa. There is 
therefore some relationship between durat ion of stay in hospital and the infec t ion wi th t h e 
organism. Thus, the longer t h e pat ient 's stay in hospital , the greater t he chances of his w o u n d s 
being infected with pseudomonads. 

Table III also shows the incidence of Ps. aeruginosa in sinks and wash basins in b o t h wards 
and operation theatres. The organism was isolated f rom about 60% of wash hasins*nd'85% of 
sinks sampled. These results have far reaching implications and indicate th»t those sinks and 
wash basins consti tute a major reservoir of Ps. aeruginosa in the hospital environment . 

The results of sensitivity tests on 152 isolates are presented in Table IV. Four antibiotics 
in the multodisk Oxoid, 5666E t o which the isolates were generally resistant, Septrin, ampici-
llin, tetracycline and ceparox - are not included in the table. The o ther three t o which the 
organisms were invariably sensitive — Gentamycin, pyopen and Colistin' are shown and dis-
cussed. Of the 152 isolates tested, 76% were sensitive t o gentamycin, 32% t o pyopen and 37% 
to colistin. While 14% were sensitive simultaneously to gentamycin, pyopen and colistin, only 
6% were resistant to all three antibiotics at the same t ime. 

T A B L E I 

INCIDENCE OF INFECTION WITH PATHOGENIC BACTERIA 

Wounds No. of pathogens isolated from wounds % of infection 
by 

Ps. aeruginosa Ps. aeruginosa 

Sample Number %of 
Total 
wounds 

ALONE WITH OTHER 
PATHOGENS 
MAINLY 
Staph, aureus 

OTHER 
PATHOGENS TOTAL 

Bums 40 33.3 14 16 2 32 75 

Septic wounds 60 50 9 9 20 38 30 

Traumatic womnds 10 8.3 1 1 6 8 20 

Ulcers 10 8.3 2 2 3 7 40 

TOTAL WOUNDS 120 
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TABLE n 

Incidence of PseudorrtWnes infection hospital by hospital. 

HOSPITALS TOTAL WOUNDS NO. OF WOUNDS INFECTED % INFECTION WITH 

WITH Ps. aeruginosa Ps. aeruginosa 

A 110 52 47 

B 10 5 50 

A = St. Margaret's Hospital. B = University of Calabar Medical Centre. 

TABLE III 

Incidence of infection with Pseudomonas aeruginosa in relation to various factors 

Factor No. of Incidence of % of incidence of 
Samples Ps. aeruginosa Ps. aeruginosa infection 

(i) AGE (YRS) 

0 - 29 60 22 36.6 

30 - 59 42 31 73.9 

60 and above 18 16 88.8 

(ii) Duration of stay 

(Days) 

1 - 7 20 8 40 

8 - 21 40 20 50 

21 and above 60 32 53 

(iii) Drainage system 

Sinks 20 17 85 

Wash basins 10 6 60 
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TABLE IV 

Sensitivitity results of 152 hospital strains of Pseudomonas aeruginosa with reference to Gentamycin, 
Colistin and pyopen. 

Number 

CN 

Sensitive 

PV CS 

to: 

CN, PY CS 
(Together) 

No Resistant to: 

CN, PY, CS 
(Together) 

115 

(76%) 

49 56 

(32%) (37%) 

21 

(14%) 

9 

(6%) 

CN = Gentamycin, Ca = Colistin, PY = Pyopen. 

DISCUSSION 

The principal aim of this investigation was to obtain an estimate of the incidence of Ps. 
aeruginosa in wound infections in some Calabar hospitals. The results suggest that the two 
hospitals from which samples were taken still suffer a great deal from the hazards of hospital-
acquired infections particularly those caused by Ps. aeruginosa. On the whole, there was a fairly 
high rate (45%) of infections with the organism in these Calabar hospitals. One major factor 
that contributed to the relatively high incidence, was the ability of the organism to survive and 
multiply in strange hospital environments such as bed pans, disinfectant solutions and in the 
small reservoir of water round taps and sinks. All these factors put together facilitate ward 
cross-infection. The usual effective antibiotics against Ps. aeruginosa from these Calabar environ-
ments ware gentamycin, pyopen and colistin; most isolates (76%) being sensitive to gentamycin. 
A rational policy on the use of antibiotics can help maintain the current pattern of sensitivity 
of the organisms to antibiotics and arrest the trend of the emergence of resistant species. To 
reduce the spread of hospital-acquired infections, the St. Margaret's Hospital, Calabar has 
intensified its practice of barrier-nursing those patients with open and septic wounds. Unfor-
tunately, overcrowding is one major problem confronting these Calabar hospitals. With the 
take off of the University of Calabar Teaching Hospital, some of the congestion will be eased 
off. 

It is ironical however, to observe the continued use of the disinfectant which favours the 
proliferation of Ps. aeruginosa namely Savlon. The main active ingredient of Savlon is cetri-
mide which kills most organisms other than pseudomonads. For this reason, cetrimide is incor-
porated in the selective medium for pseudomonads. Thus the extensive use of savlon in hospital 
wards inevitably leads to the selection of pseudomonads and their high incidence in open 
wounds and burns. A change to other brands of disinfectants for hospital use is therefore desira-
ble. The co-operation of the microbiology department could be sought in this direction. 

Although there is an association between age of patient, duration of stay in hospital and 
the incidence of hospital acquired Ps. aeruginosa infection, there is practically nothing one could 
do by way of a solution except to keep these factors constantly in mind and treat the old with 

I • 
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greater care and ensure their quickest discharge from hospitals. Structural modifications couldl 
be effected to hospital sinks and wash basins so that traps could be easily cleaned and plughole! 
removable for sterilization. In this way the basins and sinks could be constantly flushed with! 
broad spectrum disinfectants (not savlon). 
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ABSTRACT 

Quantitative bacteriology of 200 sputa from patients with chronic bronchopulmonary disorders 
was carried out. Mycobacterium tuberculosis was the most frequently isolated pathogen (19%), 
followed by Streptococcus pneumoniae (13.6%), Haemophilus influennzae (9.0%), Staphylo-
coccus aureus (1%), Klebsiella pneumonia (4%), Pseudomonas aeruginosa (4%), Escherichia coli 
(4%), Nocardia asteroides in association with others (6.5%), Neisseria catarrhalis (1%), and 
Peptostrptococcus sp. (1%),- 52% of the infections were caused by single aetiologic agents while 
32% were polymicrobial. 

INTRODUCTION 
Pulmonary diseases and their diagnosis have always constituted complex problems in public 

health care. The literature is full of reports on the microbiology of acute and chronic lower 
respiratory tract infections, but most of these reports are of investigations conducted in the 
temperate or monsoon regions of the world and very few in the tropics. In the opinion of Warrel 
1975 respiratory infections are a major cause of morbidity and mortality in tropical countries, 
yet they are generally ignored in textbooks of tropical medicine.' Warrel's report 1975 appeared 
to be a brief review of a few documented cases in the tropics; those of Noah et al. 1976 
Fayinka 1977 Aderele 1977 and Diallo et al. 1979 were noteworthy but covered a limited 
scope. Certain diseases or infections have been assumed, not proved, to be rare in Africa, because 
no proper investigations are carried out due to lack of adequate facilities, or because such infec-
tions, though common are not reported. The need for fuller investigations of causes of micro-
bial diseases in the tropics and particularly in Africa is therefore compelling. This investigation 
was therefore undertaken in order to cover a wider spectrum of the subject in Nigeria as far as 
bacterial are concerned. The roles of viruses and fungi are recognized but not covered in this 
report. An attempt has been made to show the probable incidence of some of the major poten-
tial aetiologic agents and their combinations where the infections present mixed bacterial flora. 

MATERIALS AND METHODS 
The study was carried out on 200 samples of mucopurulent or purulent sputum obtained 

from patients clinically diagnosed as suffering from pulmonary disorders which included chronic 
bronchitis, pulmonary tuberculosis, pneumonia, multiple lung abscesses, and undefined chest 

121 
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infections. The average age was 34 years with a range of 5-75. The sampling zones covered parts 
of Nsukka and Enugu in Anambra State and Umuahia and Owerri in Imo State. All specimens 
were sampled randomly at the clinic or laboratory into sterile wide-mouth disposable containers 
obtained from Messrs. "Sterillin L td . ' . (Teddington, Middlessex, England). These specimens 
were processed within two hours of expectoration or where this was not possible (as in a few 
cases) they were refrigerated at 4-5°C immediately they were received in the laboratory and 
processed within 24 hours of expectoration. Where transportation over a long distance was 
involved, specimens were carried in an ice chamber in a large Thermos flask and transferred to 
the refrigerator in the laboratory. 

Early steps in processing the specimen involved macroscopic examination for blood and 
colour, microscopic examinations of a wet mount for cells and ova of Paragonimus species; 
Gram's and Ziehl-Neelsen's stained slides for various organisms, and to exclude acid-fast baci-
lli. Direct cultures were put up on blood agar, chocolate or Levinthal's agar and MacConkey 
agar piates, and incubated in carbon-dioxide atmosphere for 24-48 hours. Mucopurulent speci-
mens were washed by Osoagbaka's modification of the method of Bartlett and Finegold 1974. 
All specimens were liquefied with 2% N-acetyl-L-cysteine as used by Percival and Roberts 
1971 and Wilson and Martin 1972 liquefaction being complete in less than 10 minutes with 
light shaking on Gallenkamp's flask-shaker. The liquefied specimens were then carefully diluted 
to 1 0 - 2 and 10~ with sterile physiological saline as used by Pirtle et al. (1969). 

Blood agar and Levinthal's (or Chocolate) agar plates were inoculated in duplicate by 
streaking from the 10— 2 dilution from which also 2 c m 3 was pipetted into McClung's carbon-
free paraffin-bait broth as used by Mishra and Randhawa 1969. On each of the blood agar and 
Levinthal's plates was placed a bacitracin disc containing 10 units of the drug (Baber, 1969) 
while the blood plates got in addition, a disc containing 30 ug of kanamycih to select Bacte-
roides species. The bacitracin plates were incubated in C02 at 37°C for 2 4 4 8 hours while the 
kanamycin-containing plates were incubated anaerobically at 37°C for 48-72 hours. 0.2 cm3 

of the 10 — 2 dilution was pipetted into each of two tubes of mycoplasma diplasic medium 
(Bailey and Scott, 1974) which were then incubated at 37°C for up to 4 weeks before being 
discarded as negative. Blood and Levinthal's plates were inoculated in duplicate with 0.025 
c m 3 of the 1 0 " ^ dilution of the specimen using a 40-dropper. This was then spread evenly 
with a sterile glass spreader. One set was incubated in C02 at 3 7 ° c for 24-48 hours while the 
second set was incubated anaerobically for 48-72 hours. For the anaerobic cultures the Gaspak 
system from Messrs. BBL (Division of Baction Dickinson and Company, Cockeysville, U.S.A.) 
was used. Growth from all five sets of cultures were compared and identified by accepted 
conventional methods but counts were made from the 1 0 - 4 dilution cultures. (Cowan and 
Steel 1974; Cruickshank et al. 1975; Duorden et al. 1976; Slitter and Finegold 1975). 

RESULTS 

In more than 90% of all cases, the results of the cultures agreed very closely with the ex-
pected organisms as indicated in the gram-stained smears of the sputum. 28 specimens had 
AFB in the direct Ziehl-Neelsen's slides but 36 grew Mycobacterium tuberculosis in the L-J 
Culture medium. From the microscopic examination of direct wet preparations some ova mor-
phologically resembling ova of Paragonimus. wastermanii were seen in three specimens. More 
than 600 strains of 20 different species of micro-organisms were encountered in the study. 
Of these, 15 bacterial species were isolated in numbers greater than 1 x 10 7 colony-forming 
units 

(CFU)/cm 3 and were recorded as of aetiologic significance. Some fungi particularly 
Candida albicans and Aspergillus species were also encountered in appreciable quantities. Th? 
months of November and February which marked the end of the rainy season, the beginning 
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of the dry season, and the end of the harmattan season appeared to be the most favourable 
periods for these infections, with more cases of H. influenzae, Str. pneumoniae and Nocardia 
asteroides being isolated in February. 

Out of the 200 cases investigated, quantitatively, 170 had positive cultures yielding up to 
or more than 1 x 1 0 ? CFU/CM3 105 (52.5%) 0 f these 200 cases grew single organisms at the 
test dilution while 65 (32.5%) were polymicrobial, most of them growing two organisms of 
aetiologic note (Tables 1 & 2) and 30 (15%) were either sterile or had no significant growth. 

DISCUSSION 
Laboratory investigations of bronchopulmonary infections constitute problems in public 

health care mainly because of the large numbers of potential pathogens normally inhabiting the 
oropharyngeal region but which could cause pulmonary disorders in any diseased lung (laurenzi 
et al. 1961, Lees and McNaught 1959, Mulder 1964). This could therefore prejudice the find-
ings of bacteriological investigations particularly in lower respiratory tract infections carried out 
on expectorated sputum since it gets contaminated with these normal oropharyngeal flora. 
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TABLE 1 

FREQUENCY OF MICROORGANISMS IN DIFFERENT CLINICAL PULMONARY DISORDERS (200) 

Chest No. No. 
Disorders Tested Positive Microorganisms Frequency 

Bronchitis 50 42 H. influenzae: Pure 14 
' f + Mycobacterium sp. 8 
' f + fJocardia asteroides 3 
' f + Pneumococci 5 
" + Bacteroides sp. 2 

Nocardia + Str. pyogenes 2 
Str. pyogenes + Paragonimus sp. 1 
Str. pneumonia: Pure 3 
Pseudomonas aeruginosa 3 
N. catarrhalis: Pure 1 

Tubercfflosis/ 48 38 Mycobacterium species: Pure 12 
Bronchitis " + S. aureus 6 

" + Str. pyogenes 3 
" + Klebsiella sp. 2 
" + Pneumococci 2 
* + Mycoplasma pneumoniae 2 

Str. pneumoniae: Pure 8 
" + H. influenzae 1 

+ E. coli 2 

Lobar/Broncho- 25 21 Str. p n e u m o n i a Pure 10 
pneumonia " + H. influenzae 1 

" + Ps. aeruginosa 1 
Kl. pneumoniae: Pure 5 
Staph, aureus: Pure 2 
E. coH: Pure -> 

Multiple 12 11 Staph, aureus: Pure 5 
abscesses Ps. aeruginosa: Pure 2 

Str. pyogenes: Pure 2 
Noc. asteroides + C. albicans 2 

Miscellaneous 65 58 Str. pneumoniae: Pure 6 
Chest infections * i + Staph, aureus 5 

" + Pseudomonas sp. 3 
N. asteroides + H. influenzae 2 
Staph, aureus: ' Pure 7 

* I + Bacteroides sp. 2 
Ps. aeruginosa: Pure 4 
E. coB: Pure 5 
E. coli + Mycoplasma pneumoniae 3 
N. asteroides + Candida albicans 1 

Miscellaneous N. tuberculosis + Str. viridans 1 
Qir t t Infections M. pneumoniae 1 

E. coli + Proteus sp. 2 
Kl. pneumoniae: Pure 3 
Kl. pneumoniae sp. + Mycoplasma sp. 2 
Kl. pneumoniae + Nocardia asteroides 3 
Peptostreptococcus sp. Pure 2 
N. catarrhalis: Pure 1 
*C. albicans: Pure 1 
H. influenzae 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11. 
12. 
13 
14 
15 
16 
17 

Micr 

My 
Str 
H. 
Stap] 
Kleb 
Ps. a 
E. cc 
Str. 
Pept 
N. ca 
Myco 
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TABLE 2: 

FREQUENCY AND INCIDENCE OF MICRO-ORGANISMS ISOLATED IN 
BRONCHO-PULMONARY DISORDERS 

Frequency Incidence % 

Micro-organsims Pure Mixed Pure Mixed 

1 Mycobact. tuberculosis 12 26 6 13 
2 Strept. pneumoniae 27 15 13.6 7.5 
3 H. influenzae 16 22 9.0 11.0 
4 Staph, aureus 14 11 7.0 5.5 
5 Kleb.. pneumoniae 8 7 4.0 3 J 
6 Ps. aeruginosa 8 4 4,0 2.0 
7 E. coli 7 7 3.5 3.5 
8 Str. Pyogenes 2 6 1.0 3.0 
9 Peptostreptococcus sp. 2 - 1.0 -

10 N. catarrhalis 2 - 1.0 -

11. Myco. pneumoniae 1 7 e.5 3.5 
12. Noc. asteroides - 13 - 6.5 
13 Pact, melaninogenicus - 4 - 2.0 
14 Str. viridans - 3 — 1.5 
15 Proteus mirabilis — 2 _ 1.0 
16 *C. albicans 2 1 l 0.5 
17 *Paragonimus sp. 2 1 l 0.5 

* = Non-bacterial species 

Many researchers have found the use of washed, homogenized and diluted specimens in quanti-
tative sputum bacteriology to be reliable in reducing oropharyngeal contamination and also 
readily available to most workers (Bartlett and Finegold 1971; Guckian and Christensen 1978; 
Louria, 1962; Morroe et al. 1969; Pirtle et al. 1969; Thoisteinsson et al. 1975; Wilson and 
Martin 1972). The use of tracheal and b ronchoscope aspirates has been accepted by many as 
the answer to the problem of oropharyngeal contamination ( J o d a n et al. 1976; Pecora, 1963) 
and this method is now used by many workers as it obviates the tedium in quantitative sputum 
bacteriology. However, for our purpose we used quantitative sputum bacteriology because in 
the Nigerian setting, as in many other developing countries the use of bronchoscopy is outside 
the reach of many General Hospitals where expectorated sputum is still popularly used. In 
such countries transtracheal and other aspirates are used perharps only in the teaching pr spe-
cialist hospitals. 

The concentration of micro-organisms in sputum specimens acceptable as of aetiologies 
significance has varied between 1 x 10 6 and 1 x 107 orgs/cm3 . The normal population of 
such commensals as Staph, epidermis is placed at between 10 and 10^ /cm 3 according to Jor-
dan et al. (Jordan et al. 1976). Laurenzi tl "I. (1961) established that in bronchial diseases 
offending micro-organisms were "invariably present in numbers exceeding 1 x 10^ /cm 3 of 
exudate. Louria (1962) and Monroe et al 1969) found in cases of pneumonia that probable 
pathogens occurred in numbers of 107 organisms/cm^ or greater. Pirtle et al. (1969), Wilson 
and Martin (1972) and many others have confirmed this, and it appears to be more acceptable. 
The examinations of direct sputum smears stained by Gram's and Ziehl-Neelsen's (Z.N) methods 
and a wet mount, particularly of blood-stained specimens were useful. They provided an in-
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sight into the most probable pathogens. The Z.N. and the wet mounts were particularly useful 
as screeming tests for pulmonary tuberculosis and paragonimiasis. Paragonimus sp. was shown 
by Nwokolo, as cited by Warrel 1975 to have increased in the Eastern States of Nigeria in 1972, 
and this increase was attributed to the eating of crabs during the Nigerian civil war. There is 
therefore the need to routinely examine the wet mount of blood-stained specimens to exclude 
this condition, as these crabs are still eaten by many people. 

In 52% of our test cases the most probable pathogens were isolated pure as single organisms 
while in 33% polymicrobial infection was obvious. Most of the single pathogens were isolated 
in cases in which pneumonia and multiple abscesses were clinically suspected. Of the 21 positive 
cases in pneumonia, only two had more than one organism grown.Str. pneumoniae predomina-
ted in 12 in which it grew pure in 10. The remaining nine were accounted for by five cases of 
Kl. pneumoniae, two each of Staph, aureus and E. coli, all growing pure. Str. pneumoniae was 
also isolated in reasonable numbers as aetiologic agent in the other clinical conditions. In the i j 
investigation of pneumonia in malnourished children, Diallo et al. 1979 suggested that pneu-
monia in these patients was mostly due to a single aetiologic agent. Many authors stress on the 
role of Str. pneumoniae as the principal aetiologic agent in bacterial pneumonia and the results 
of this study confirm these views. 

H. influenzae appeared most frequently in the 42 positive cases in which chronic bronchitis 
was clinically diagnosed. It was isolated as a single agent in 14 cases, and mixed in 18 others. 
Its combination with Myco. tuberculosis in 8, and N. asteroides in 3 of these 18 cases leaves 
doubts as to these 11 cases being chronic bronchitis. Six other cases in this group in which 
Ps. aeruginosa, Paragonimus sp. and N. asteroides were principal aetiologic agents could also not 
reasonably be classified as chronic bronchitis. Therefore out of 25 cases of possible chronic 
bronchitis, H. influenzae was of aetiologic significance in 21; thus confirming its principal role 
in chronic bronchitis in this country as already established for other parts of the world (Haas 
et al. 1977;May, 1975;May, 1953;Williams, 1979). 

Mycobacterium species appeared with the highest incidence of 13% as a mixed infection 
and 6% as single aetiologic agent. Since this organism is decidedly a very important pathogen in 
the lung and of more aetiologic significance than most of the others, it is regarded as the prin-
cipal aetiologic agent in the 36 case's in which it was isolated and given an incidence of 19%. 
This agrees with the views of Warrel 1975. Myco. tuberculosis is still the most dominant patho-
gen in lower respiratory tract infections in the tropics. The next in incidence as a single aetio-
logic agent was Str. pneumoniae (13.5%). It has been established that in pneumonias, and in-
deed in lower respiratory tract infections in the tropics, Str. pneumoniae is the highest cause 
next only to Myco. tuberculosis (Diallo et al. 1979;Warrel, 1975), H. influenzae was next with 
9% as a single aetiologic agent and 11% as a mixed infection. 

The role of S. aureus (7%), Kl. pneumoniae (4%), Ps. aeruginosa (4%), and E.'coli (3.5%) 
as single aetiologic agents in lower respiratory tract infections in this country must be noted. 
Gupta et al. (1974), May (1975), Aderele (1977) and others have stressed on the importance of 
S. aureus as a causative agent for cystic fibrosis, lung abscess, lobar pneumonia and; multiple 
lung abscesses. Diallo et al. (1979) reported S. aureus as second to Str. pneumoniae in incidence 
and associated it with a diagnosis of Staphylococcal pneumonia. In our experience S. aureus 
was the most frequent single organism in cases of multiple lung abscesses although 2 isolates 
(1%) were obtained in pneumonia cases. Gram-negative enterobactena have been associated 
with bronchopulmonary disorders in increasing proportions (Aderele 1977; Boat and Petty 
1977; 3urns 1968; Pierce and Sanford 1974). Burns (1968) in confirmation of earlier findings 
was able to demonstrate by immunoelectrophoresis that precipitins specific to Klebsiella 
species ana other enterobacteria were present in such chronic destructive bronchial conditions 
as bronchiectasis, cystic fibrosis and chronic Kleosiella pneumonia, but not in chronic bronchi-
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tis. The ready disposition of S. aureus and the Gram-negative enteroDactena to antibiotic resis-
tance makes it imperative that their occurrence in acceptable numbers in the sputum be repor-
ted eariy and properly investigated. 

Noc. asteroides which had a mixed infection incidence of 6-5% ranked four th in the mixed 
infection series. Its role as a primary or secondary infection complicating other bacterial or my-
cotic infections of the lungs has been documented particularly in the Indian subcontinent and 
in the United States (Causey 1974; Randtiawa et al. \91i-, Shome et al. 1973). Its occurrence 
in the tropics particularly Nigeria, has not been adequately investigated and reported. N. catar-
rhalis a normal inhabitant of the upper respiratory tract and usually regarded as a non-pathogen 
was isolated pure and in significant concentrations in two cases in which they were also B-lacta-
mase positive. The clinical diagnosis for one of this was pneumoconiosis. The pathogenic role of 
N. catarrhalis in the lower respiratory tract has been reported (McNeely et al. (1976; Ninane 
et al. 1977). The incidence in this study was 1%. It is no longer very safe to assume that all 
strains of this organism are non-pathogenic in the respiratory tract, especially when they are 
numerically significant and betalactamase positive. 

The role of anaerobes in lower respiratory tract infections is well reported. The wisdom 
of putting up anerobic cultures for sputum has long been doubted (Thorsteinsson et al. 1975) 
but however some workers still advocate i t . Bertlett and Finegold (Bartlett and Finegold 1971, 
1974) and Lober (1975) isolated significant anaerobes which included Fusobacterium nuclea-
tum, Bacteroides, melaninogenicus and Peptostrephococcus sp., with an incidence of 2-3%. 
In this study we found a 3.0% incidence for Peptostreptococcus and Bact&roides spp. and sug-
gest that anaerobic cultures of sputum should be put up only for fet id, foul-smelling specimens 
as these are the most likely types of specimens to harbour anaerobes of aetiologic significance 
as pointed out by Mulder (1964). 

In conclusion we suggest that there is the need for more investigations to determine the 
nature of lower respiratory tract infections in the tropics and particularly in the developing 
countries. It is obvious that many of the infections are polymicrobial in nature and that even 
those that are of a single aetiologic agent are varied. It is important to determine the role and 
incidence of the various micro-organisms involved in the different types of pulmonary infect-
tions. Many of the patients presenting themselves at the hospitals or clinics can rightly be said 
to be 'compromised' because of the poor standard of living, the uncontrolled and irregular use 
of broad-spectrum antibiotics,smoking and alcoholism. Consequently no organism isolated from 
sputum in reasonable number should be tightly dismissed as a nonpathogen. 

From the varied types of organisms encountered in this study in relation to the various 
conditions clinically diagnosed, it seems obvious that proper laboratory investigations are neces-
sary in this country in all cases of pulmonary disorders to establish accurate diagnosis on which 
effective treatment can be based. Reliance on clinical and radiologic observations alone can 
lead to wrong diagnosis and wasteful polypharmacy. The need for clinicians to supply more 
detailed, accurate and precise data about patients being investigated in the laboratory is stressed. 
This will help in the proper interpretation of laboratory results, the application of correct and 
effective treatment and will also make research into these diseases more meaningful and benefi-
cial to the practice of medicine. 
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ABSTRACT 

The bacterial flora of the vagina was assessed in healthy Nigerian women (twenty pregnant 
and twenty-four non-pregnant women). They all harboured many types of microorganisms 
in their vagina. The mean number of microbial types isolated was five for the pregnant and 
three for the non-pregnant women. Staphylococcus was detected in 18 of the pregnant women 
and 16 of the non-pregnant women. Amongst the anaerobes Peptostreptococcus was isolated 
in 14 of the pregnant women and 6 of the non-pregnant women. Lactobacilli in 7 and 12 
respectively. Bacteroides was not isolated from the vagina of pregnant women but from 50% of 
the vaginal swabs obtained from the non-pregnant women. 

Statistically, the difference between the bacterial flora of the pregnant and non-pregnant 
women investigated is not significant. 

INTRODUCTION 
Several laboratories have studied the microbial flora of the female genital tract. Gorbach, 

Menda, Thadepalli and Keith (1973) found the most common anaerobes to be bacteroides 
followed by peptostreptococci. Corbishley (1977) found that both vagina and cervix haboured 
many types of microoorganisms in common but that the concentrations of the organisms 
differred between the sites. The purpose of this report is to compare the bacterial f lora of pre-
gnant women with that of non-pregnant women. 

MATERIALS AND METHODS 
Cultures were obtained from the vagina of 20 non-pregnant women attending the Gyneco-

logy Out-Patient Clinic at the University of Nigeria Teaching Hospital, Enugu; 20 pregnant 
women attending prenatal clinic at the University of Nigeria Teaching Hospital Enugu (Depart-
ment of Gynecology and Obsterics) and four non-pregnant students of the University of Nigeria 
Nsukka. Five of the pregnant women were in their first trimester of pregnancy and the rest 
were in their mid or last trimester of pregnancy. The women were all healthy and were between 
18 and 40 years old and the average age was 28. Women receiving birth control pills or antibio-
tics and women with signs of genital infections were excluded from this study. 

121 
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SAMPLING TECHNIQUE 

Vaginal secretions were obtained during pelvic examination. Cotton-tipped applicators 
were inserted and then rotated in the posterior fornix. Care was taken to avoid any contact of 
the swab with the external genitals, or other sources of contamination. Similar swabs were also 
obtained from the four students with the help of a medical doctor at the University of Nigeria 
Medical Centre. 

The swabs were dipped into Stuart Transport Medium (Oxoid) and delivered to the Micro-
biology Laboratory of the University of Nigeria Nsukka, within four hours of collection, for 
the processing. Each of the swabs was inoculated onto five primary culture media. The media 
used were: 

(1) blood agar (oxoid) (2) MacConkey agar (oxoid) (3) blood agar with neomycin 
(4) tomato juice agar (oxoid) and (5) chocolate agar.^Plates (1) and (2) were incubated 

aerobically, plates (3) and (4) anaerobically and plate (5) was incubated in 10% carbon dioxide 
for the isolation of Neisseria gonorrhoea. 

The anaerobic system was obtained by using Fildes and McCintosh jars f rom Messrs Baird 
an Tatlock. The jars were evacuated and replaced with oxygen-free CO2 (10%) and hydrogen 
(90%). The anaerobic jars were incubated for 72 hours at 37°C. To check the system, viable 
Pseudomonas aeruginosa, an obligate aerobe was included. This will fail to grow if true anaero-
biosis was established. An environment of 10% CO2 was achieved by burning a candle stick in 
a closed container in which plate (5) was incubated. Aerobic Culture were examined after 24 
hours and again at 48 hours incubation. 

All colonial types on each medium were investigated fur ther by microscopy, biochemical 
and physiological tests, and divided into genera or species by routine laboratory methods, 
(Cruickshank, Duguid, Marmion, and Swain 1975), to give the categories listed in Table III. 

RESULT 
Most specimens yielded polymicrobial growth. Total isolates were 99 f rom 20 regnant 

women and 77 from 24 non-pregnant women. The mean number of isolates per specimen 
being five for the pregnant women and three for the non-pregnant women. (See Table I). 

Seventy five percent of the pregnant women showed positive cultures for bo th aerobes and 
anaerobes. Twenty five percent showed positive cultures for aerobes only while none showed 
positive cultures for anaerobes only. For the nonpregnant women 58.3% showed positive cul-
tures for both aerobes and anaerobes, 41.7% showed positive cultures for aerobes only and 
none showed positive cultures for anaerobes only. (See Table II). 

Statistical analysis of the data showed no significant difference in the vaginal flora of pre-
gnant and non-pregnant women at 5% error. 
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TABLE I 

FREQUENCY OF MULTIPLE ISOLATES OF MICROBIAL SPECIES FROM THE 
VAGINA OF PREGNANT AND NON-PREGNANT WOMEN. 

PREGNANT 

<No. of Microbial 
Isolates per 
specimen. 

0 
1 
2 
3 
4 
5 
6 
7 

No. of 
specimens. 

0 
0 
1 
3 
6 
5 
4 
1 
1 

Total 99 20 

NON-PREGNANT 

No. of Microbial 
Isolates per 
specimen. 

0 
1 
2 
3 
4 
5 
6 
7 

No. of 
specimens. 

0 
2 
5 
10 
3 
2 
1 
1 

77 24 

TABLE tt 

INCIDENCE OF POSITIVE CULTURES FROM THE VAGINA OF PREGNANT 
AND NON-PREGNANT WOMEN. 

PREGNANT 

No. of positive 
cultures. 

Aerobes & 
anaerobes 

15 

Aerobes only 5 

Anaerobes only 0 

Total 20 

Percent of 
total 

75% 

25% 

o«v» 

100% 

NON-PREGNANT 

No. of Positive 
cultures. 

14 

10 

0 

24 

Percentages 
of total 

58.3 

41.7 

0% 

100% 
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TABLE III 

FREQUENCY OF ISOLATES 

Organisms Pregnant 
Women 

Non-Pregnant 
Women 

Total Percen 
Occun 

(20) (24) (44) 

Aerobes: 

Staphylococcus sp. 18 16 34 77.4 

Strep, feacalis 4 6 10 25.0 

Micrococcus sp. 4 2 6 17.7 

Diphtheroids 12 2 14 31.9 

E. coli 8 6 14 31.9 

Klebsiella pneumoniae 6 2 8 18.2 

Proteus sp 2 0 2 4.6 

Lactobacillus sp 4 8 12 27.3 

Bacillus sp 4 4 8 18.2. 

Anaerobes: 

Peptococcus sp 8 12 20 45.5 

Peptostreptococcus sp. 14 6 20 45.5 

Clostridium sp 2 0 2 4.6 

Lactobacillus sp 3 4 7 15.9% 

Bacteroides sp 0 12 12 27.3% 

The aerobes isolated were Staphylococcus sp (S. epidermidis and S. Aureus). Streptococcus 
fS. faecalis only) Micrococcus Sp. Diphtheroids, Escherichia coli, Klebsiella pneumoniae, 
Proteus and Bacillus. The anaerobic isolates were Peptococcus Peptostreptococcus, Bacteroides, 
Clostridium and Lactobaccilus. The genus Lactobacillus covers both anaerobic and facultative 
isolates. Neisseria gonorrhoea was not isolated in any of the samples. 

Table III shows the frequences of the isolates. (See Table III). 

D I S C U S S I O N 

The study shows no statistical significant difference between pregnant and non-pregnant 
vaginal flora. This could be due to the smallness of the sample size. But there is a difference 
both in types and relative concentrations of the bacteria isolated. The vaginal flora may vary 
depending on factors such as age, hormonal influence, pregnancy, use of contraceptives, use of 
antibiotics and state of health of the individual (Hurley, et al (1974). Bartlett, et al (1977) 
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have pointed out that the vagina habours an unstable bacterial population that is subjected to 
constant fluctuations based on well defined hormonal influences and ill-defined extraneous 
factors. The results of this study have confirmed these views. Here, there are f luctuations bo th 
in types and relative concetrations of the bacteria isolated from non-pregnant and pregnant women. 

Staphylococcus possessed the highest percent incidence 90% and 56^6% in pregnant and 
non-pregnant female? respectively, 73% of these Staphylococci were S. epidermidis and 27% 
S. aureus. Corbishley (1977) observed 89% and 73% coagulase negative staphylococci in vaginal 
and cervical swabs respectively. 17% coagulase positive staphylococci were observed in each 
site. deLouvois, et al (1975) observed 66.1% and 4.6% S. epidermidis and S. aureus respectively 
in pregnant women. 

Lactobacilli have been thought to be preponderant in the vagina. In this investigation they 
were found in 35% and 50% of the vaginal swabs of pregnant and nonpregnan t women respec-
tively. Hurley et al (1974) pointed out that in children and women of menopausal age the pre-
dominating bacteria are the cocci, while lactobacilli predominated during pregnancy and at 
puberty. The incidence in both groups was 43,2%. Other surveys show incidences of lactoba-
cilli varying between 0% and 82%: Morrii and Morris (1967) 49.1%; Gorbach et al (1973) 
73%; deLouvois, et al (1975) 81.8%; Ohm and Galask, (1975) 75%; Swenson, et al. (1973) 
0.0%. Swenson et al. (1973) studied the anaerobic bacterial infection of the female genital 
tract, and recovered all the anaerobes found in the study except Lactobacillus. Saigh, et al. 
(1977) observed the inhibitory effect of endocervical flora mainly lactobacilli on the growth 
of N. gonorrhoea. They found that when the endocervical flora is low or' absent the pathogen 
increased in number. 

The absence of N. gonorrhoea in this study is explained by ' t he fact that this study was 
confined to mainly married middle class women. In a separate study the incidence of N. gonorr-
hoea amongst Nigerian women will be reported. The study will cover more samples and a wider 
range of socio-economic groups in Nigeria. 

Of the anaerobes isolated Peptostreptococcus occured more in pregnant women than in 
non-pregnant women, 70% and 25% respectively. Peptococcus was 40% for the pregnant and 
50% for the non-pregnant. In other studies, (Gorbach et al 1973) isolated 33% and 10%Peptos-
treptococcus and Peptococcus respectively. Swenson et al (1973) isolated Peptostreptococcus 
sp. 19 times and Peptococcus sp. 21 times in 91 infections of the genital tract. 

The isolation of bacteroides 50% in non-pregnant women and none in pregnant women is 
noteworthy. In other studies on genital tracts, bacteroides were isolated. Swenson et al. (1973), 
66.6%; Corbishley (1977), 24% from vaginal swabs and 20% from cervical swabs. Gorbach 
et al (1973), 57%. The women in these studies were not pregnant. DeLouvois et al (1975) 
isolated 15 bacteroides spp. from 280 unselected pregnant women (5.4%), the most reasonable 
explanation of the absence of bacteroides is probably the small number sampled, bu t the inci-
dence of bacteroides is definitely less in pregnant women. Proteus and Clostridium were isolated 
(10% each) in pregnant women but none was isolated in nonpregnan t females. In other studies 
both genera have been isolated both in healthy and in infected female genital tracts. Gorbach 
et al. (1973), 10% and 17%;Corbishley (1977), 3% and 7% for vagina and 1% and 7% for cervix, 
deLouvois et al. (1975), 6.1% and 0.0% Proteus and Clostridium respectively. 
Swenson et al. (1973) studying the anaerobic bacterial infections of the female genital tract 
isolated Clostridium six times from 91 infections of the female genital tract. On the whole, the 
incidence of the two genera in vagina is low. 

The difference in the incidence of diphtheroids in pregnant and non-pregnant women is 
significant. 60% for pregnant and 8.3% for nonpregnant women. Diptheroid bacterial here, 
cover organisms suspected but not confirmed as Corynebacterium. Percentage occurence in 
both pregnant and non-pregnant women was 31.9% . In other works, deLouvois et al. (1975) 



" 146 NIGERIAN JOURNAL OF MICROBIOLOGY, VOL 2, NO 2, 1982 

observed 83.4% incidence of Corynebacteria in pregnant women. Corbishley (1977) observed 
69% and 64% diphtheroids from vaginal and cervical swabs respectively. 

Most of the anaerobes and some of the aerobes isolated are frequently involved in genital 
tract infections suggesting that the normal flora of vagina is potentially pathogenic. 
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SHORT COMMUNICATION 

EXPERIMENTAL TRANSMISSION OF DUGBE (A NAIROBI DISEASE GROUP) 
VIRUS TO WEST AFRICAN DWARF SHEEP 

A . H. F A G B A M I A N D 0 A D E J O R O 

Virus Research Laboratory 
University of Ibadan, Ibadan, Nigeria. 

ABSTRACT 
West African Dwarf sheep were inoculated with a low mouse brain passage of Dugbe 

(Nairobi sheep disease group virus). Mild febrile reaction and low level of neutralising ant ibody 
were*demonstrated in experimental animals. 

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

Dugbe virus, a tick-borne virus was first isolated-!>y Causey et. al. (1971) from Amblyoma variegatum ticks. 
Further virus surveillance has yielded many more isolates from cattle, othef species of ticks and 
culicoides.(Causey et. al. 1971, Kemp et. al. 1971). Serological studies showed that Dugbe is related to Ganjam a 
Nairobi sheep disease (NSD) group virus by complement fixation test (CFT) (Davies and Casals 1971). 

Morphological and morphogenetic studies have also revealed similarities of Dugbe to Gan-
jam (David-West et. al 1974, Murphy et. al. 1973). Although Dugbe virus has been repeatedly 
isolated in the country its veterinary importance is unknown. In the present studies, three West 
African Dwarf sheep were infected with Dugbe.virus in an a t tempt to determine its pathogenici-
ty for this breed. 

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

Virus: The prototype virus Ib-AR 1792 isolated f rom Amblyoma variegatum ticks collected at 
Dugbe market in 1965 was used in transmission experiments. The virus had undergone three 
passages in suckling mouse brain. Stock virus t i t re was 6.0 log 10/0.02 ml 

Animals: For West African dwarf sheep aged 5 — 9 mon ths which were tested and found nega-
tive for serum neutralising antibody to Dugbe virus were used. They were given antihelmin-
thics, bathed in acaricide solution and kept in screened quarters before infect ion. Three^ani-
mals were innoculated subcutaneously with 1.5xl05 suckling mouse LD5q of a third mouse 
brain passages of the virus. The infected animals were examined daily for signs of illness and 
rise in rectal temperature. Daily blood samples were collected fo r viraemia studies and total 
leucocyte count . Test for viraemia was carried out by intracerebral (i.e.) inoculation of whole 
blood into 2 day old mice. Sera were collected on days 7 and 21 post infect ion ( p i . ) and 
tested for antibody by neutralisation test (NT). 
Neutralisation test: Neutralisation test was performed on suckling mice using the standard 
method of constant serum — varying virus technique Neutralisation indices (NT) were expressed 
as differences between l o g j Q suckling mouse L D j q of test and normal control sera. 

R E S U L T S 

None of the infected animals developed viraemia no r overt clinical disease 10 days p.i. 
Two sheep exhibited a rise in rectal temperature - 1 0 4 . 0 o F and 104.0° F respectively on days 
1 and 2 p.i. There was no change in total leucocyte coun t ; bu t low level of neutralising anti-
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body was found in convalescent sera. Table shows the antibody response in sheep inoculated 
with Dugbe virus. Although no N antibody was detectable in sera collected from infected ani-
mals on day 7 p.i. convalescent sera obtained two weeks later contained low titre of N anti-
body. 

TABLE 

Neutralising antibody response in Sheep infected with Dugbe virus 

Animal No. Clinical Response Antibody Titre in Log 10 

Acute Phase Convalescent 
Day 7 Day 21 

1 Febrile 0 0.8 

2 Febrile 0 0.8 

3. Non-Febrile 0 0.4 

4 Control 0 0 

D I S C U S S I O N 

Natural and experimental infection of sheep with Nairobi sheep disease virus in East 
Africa produced severe and fatal disease (Weinbren et. al. 1958, Mugera and Chema 1967). 
In the present studies the West African dwarf sheep were not susceptible to overt disease follow-
ing inoculation with Dugbe virus. The low level of neutralising antibody found in all the experi-
mental sheep indicated that although these animals were infected, the immune response was 
poor. Previous studies had demonstrated poor antibody response in experimentally infected 
cattle (Causey, 1965)a . 

Although the available data is scanty, the mild manifestation of Dugbe virus infection in 
the West African dwarf sheep indicated that this breed might be resistant to infection by Nairo-
bi sheep disease group of viruses. However, the effect of stress factors such as starvation and 
intercurrent disease in the modification of the course of natural infection is not known. The 
high prevalence of this virus in Nigeria and its ability to produce severe natural human disease 
(Causey, 1965)b suggest that this virus might be of great public health importance. 
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EXTRACELLULAR ENZYMES OF YAM ROT-CAUSING PATHOGENS 

By 

S. K. OGUNDANA 
Dept. of Microbiology, University of Ife, 

De-Ife, Nigeria. 

A B S T R A C T 

The range of produceable extracellular enzymes on solid media by the yam rot-causing 
pathogens was investigated, and the pathogens were found to produce abundant cellulase, 
polygalacturonase, amylase and urease. All pathogens, except Botryodiplodia theobromae 
also produced abundant lipase. Although all the pathogens produced phosphatase and pectate 
lyase, the production was low in Botryodiplodia theobromae and Fusarium moniliforme. 
Only Aspergillus niger did not produce protease or DNase. 

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

Previous studies (Ogundana et al, 1971) on the soft rot of yams in storage employing the 
liquid medium technique (Husain & Rich, 1958; Akinrefon, 1968) showed that the yam 
rot-causing pathogens produced extracellular cellulolytic and pectic enzymes presumably 
involved in the disintegration of the host cell wall (Husain & Dimond, 1960). The author 
believes that the possibility of the production of other enzymes apart f rom the cellulose and 
Polygalacturonase previously implicated ill yam tissue maceration cannot be ruled out and 
therefore seeks for other method of estimation of enzyme production. 

The use of solid media to investigate the production of extracellular enzymes by micro-
organisms has been employed by many workers (Jeffries et al. .1957; Berkenkamp, 1973; 
Fessehatzion, 1978). Dingle, Reid & Solomons (1953 used solid medium technique for deter-
mination of enzyme activity in microfungi and suggested the use of the method for quanti ta-
tive estimation of enzymes while Hankin & Anagnostakis (1975) employed solid media techni-
que to screen large population of fungi for the presence or absence of specific enzymes. The 
present study, employing the use of solid medium technique, to detect other produceable 
enzymes by the yam rot-causing pathogens was therefore undertaken. 

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

All growth media were sterilised by autoclaving at 1.05 kg/cm^ for 15 min. Inoculation 
was carried out in an ultraviolet irradiated sterile room. Standard inoculum discs were cut out 
with a sterilised 5 mm cork borer from the advancing edge of 3-day old cultures of the patho-
gens. Culture plates were incubated at 28°C for 2-5 days, depending on rate of growth and 
flooded with appropriate reagent to give rise to a zone of specific activity at the periphery 
of the mycelium colony. The production of each of the following enzymes was assessed. 

(i) Amylase: Amylolytic activity was based on the principle that starch degradation by the pa-
thogens indicates their ability to produce amylase (Hankin & Anagnostakis, 1975). The medium 
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used therefore consisted of 0.2% soluble starch in nutrient agar, pH 6.0 and plates were flooded 
with 1% iodine solution after the incubation period. A yellow zone produced round the colony 
was taken to indicate the hydrolysis of starch. 

(ii) Protease: The medium used was 0.4% gelatin in nutrient agar. After incubation the plates 
were flooded with an aqueous saturated solution of NH4SO4 to precipitate intact gelatin t o 
give a clear zone round the fungal colony against an opaque background. 
(iii) Lipase: Sorbitan monolaurate (Tween 20) was used as the lipid substrate. The medium 
adjusted to pIi-6.0 (Sierra, 1957) contained Difco peptone 10g;NaCl,0.'5g; C a C l o . ^ O , O.lg; 
agar, 20g; distilled water, 1000 ml. Lipolytic activity would show either as a visible precipitate 
due to the formation of crystals of calcium salt of the lauric acid liberated by the enzyme or 
as a clearing of such a precipitate around the colony due to complete degradation of the salt 
of the fat ty acid. 
(iv) Urease: The medium used contained 1% urea in Difco nutrient agar. After incubation, 
an overlay containing an indicator was poured over the surface of the colony. The overlay 
consisted of 100 ml of 0.1 M phosphate buffer (pH 6.0 ); urea, lg; agar, lg; and 0-5 ml of 1% 
bromo thymol blue as indicator (Hopwood, 1964). The colour of the overlay which should 
be orange to yellow would change to blue,with the production Of urease. 

(v) Phosphatase: Test substrate was aqueous solution of 0.01 M phenolphthalein di-phosphate 
sodium salt. After incubation the plates were opened and inverted over N H 4 O H solution. 
Utilization of the substrate would result in liberation of phenolphthalein in presence of ammo-
nia and would be detected as pink to red colouration in the growth medium. 

(vi) DNase: The medium (pH 6.0) used consisted of t ryptone, 20g; DNA, 2g; NaCl , 0.5g; 
agar, 15g; distilled water, 1000 ml (Jeffries et al. .1957). Incubated plates were flooded with 
IN HCL to react with intact nucleate salts in the medium to form free nucleic acid as cloudy 
precipitate. Activity of DNase would then show as a clear zone round the colony against 
an opaque background. 

(vii) RNase: The test substrate was Torula Yeast RNA, and was added to a basal medium 
(pH 6.4) made up of D-Glucose, 5g; NaCl, 2g; K H 2 P 0 4 , 5g; F e S 0 4 ) 0.05g; MgSOA.7H20, 
0.5g; vitamin free casamino acid, 5g; agar, 15g; distilled water, 1000 ml. Plates were flooded 
with IN HC1 and examined for clear zones around the colonies against an opaque agar back-
ground. 

(viii) Pectolytic enzymes: An improved solid medium (Hankin et al. 1971) to detect diffe-
rent pectolytic enzymes at appropriate acidic and alkaline conditions was employed. By this 
method, pecting polyglacturonase would be detected at pH 5.0 and pectate lyase at pH 7.0. 

(ix) Cellulase: The substrate was sodium carboxymethyl cellulose in acetate buffer ; the 
plates were developed with a 10% (w/v) solution of copper acetate, when clear zones appeared 
against an opalescent background to indicate cellulase activity. 

RESULTS 
Table 1 gives the results of enzyme production by the pathogens on solid media. The re-

sults show that the pathogens were able to produce amylase, urease, polygalacturonase and 
cellulase very abundantly. Phosphatase and pectate lyase were also abundantly produced by 
A. niger but weakly produced by B. theobroma and F. moniliforme. P. sclerotigenum produced 
phosphatase and pectate lyase very appreciably. Lipase production in all the pathogens except 
B. theobromae was also satisfactory. There were no RNase produced at all and where DNase 
was produced, it was weakly positive; and only A. niger failed to produce protease. 
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TABLE 1 

Production of extracellular enzymes by the yam rot-causing pathogens on solid media. 

Enzyme Yam rot-causing pathogens 

*A B F P 

Amylase +++ ++ ++ ++ 

Cellulase +++ +++ +++ +++ 

D Nase _ + + + 

Lipase +++ + ++ +++ 

Pectate lyase +++ + + ++ 

Phosphatase +++ + + +++ 

Polygalacturonase +++ +++ -H-+ ++ 

Protease - +++ + +++ 

RNase - . 

Urease ++ ++ +++ +++ 

Key: +++ Very positive result with wide zone of enzyme activity round 
the pathogen colony 

++ Satisfactory positive result 

+ Weakly positive result with very narrow zone of enzyme 
activity 

— No zone of activity detected 

*A = Aspergillus niger 
B = Botryodiplodia theobromae 
F = Fusarium moniliforme 
P = Penicillium sclerotigenum 

X D I S C U S S I O N 

The production of polygalacturonase and cellulase in the present studies serves as a confirma-
tion of previous wonc (Ogundana et al., 1971) where the enzymes were detected by loss in vis-
cosity of their substrates. The present investigation has shown that other enzymes, apart f rom 
those involved in tissue maceration, are produced by the pathogens. Some of these other enzy-
mes might even release suitable substrates to those of the cell macerating types. 

This method serves a useful purpose because a wide screening of fungi can be carried out as 
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to what type of extracellular enzymes can be produced. The assay method would therefore be 
of particular use in studies of microfungi, where large numbers of assay of limited accuracy 
are required. Dingle et al. (1953) reported that the method has in fact been used successfully 
for screening 120 cultures of fungi for polygalacturonase, lipase, protease, amylase, and cellu-
lase activity. Further studies would now be carried out to ascertain whether these enzymes are 
produced in vivo, and how they affect rotting process. 
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POLYGALACTURONASE AND PECTIN LYASE FROM PENICILIUM 

ABSTRACT 
Penicillium sclerotigenum Yamamoto grew in synthetic liquid medium with pectic substance 

as sole carbon source, releasing proteins which exhibited polygalacturonase (PG; poly (1,4-
&-D-gal-acturonide) glycohydrolase, EC 32.1.15) and pectin lyase (PL; poly (methoxygalatu-
jonide) lyase, EC 4.2.2.10) activitie . The enzymes were also present in mycelial extracts and 
Pencillium-infected yam tissues but were absent in healthy yam tissues. These enzymes were 
separate^ by molecular exclusion and ion exchange chromatography into three components. 
The molecular weight, estimated by gel filtration on sephadex G-100, was approximately 

72,000 Optimum temperature for activity of polygalacturonase and pectin lyase was 35°C. 
The p-H optima for polygalacturonase and pectin lyase were pH 5.0 and pH 8.5 respectively. 

INTRODUCTION 
Many pathogenic microorganisms have been reported to produce enzymes capable of degra-

ding pectic substances in host tissues (Wood, 1960; Lund and Brocklehurst, 1978). Polygalac-
turonase (PG; poly (1, 4-& -D-galacturonide) glycohydrolase, EC 3.2.1.15) and pectin lyase 
(PL; poly (methoxygalacturonide) lyase, EC 4.2.2.10) cause plant cell maceration and death of 
plant tissues (Garibaldi and Bateman, 1971; Mount, Bateman and Basham, 1970). Such enzy-
mes will be of great importance where pathogens invade host plants in an intercellular manner. 
Hsu and Vaughn (1969) and Garibaldi and Bateman (1971) described pectic enzymes from 
pathogenic bacteria capable of splitting the &-1, 4-glycosidic bonds in pectic substances by a 
transeliwiinative mechanism in which the hydrogen from carbon 5 within the methylgalactu-
ronate moeity was removed, thus leaving galacturonide residues having an unsaturated bond 
between carbons 4 and 5 of the reaction products. Such unsaturated reaction products usually 
absorb light strongly at 235 nm (Albersheim and Killias, 1962). Ability of some fungal enzy-
mes to split pectic substances by transeliminative and hydrolytic mechanisms has been reported 
(Sherwood, 1966; Ayers and Papavizas, 1965; Spalding, 1969). 

Penicillium sclerotigenum is a phytopathogen associated with the soft rot of yam (Disco-
rea spp.) tubers in storage (Ogundana, Naqvi and Ekundayo, 1970). Plant cells are rich in 
pectic substances (Joslyn, 1962; Talmadge, Keegstra, Bauer and Albersheim, 1973. In addition 
yam tubers contain large amounts of starch. In a previous work, ability of P. sclerotigenum 
to secrete starch-degrading enzymes was reported (Olutiola, 1980). The present work examines 
the production of polygalacturonase and pectin lyase in culture filtrates of P. sclerotigenum. 
Some characteristics of the enzymes are also reported. 
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MATERIALS AND METHODS 

Organism and culture conditions: The isolate (UNIFE. 03) of Penicillium sclerotigenum 
Yamamoto used was f rom the culture collection of the Mycological Habarium, University of 
Ife, Nigeria. It was isolated f rom rot ten yam tubers by Dr. S. K. Ogundana of this Department . 
The organism was routinely grown and maintained on one per cent (w/v) malt yeast extract 
agar. The basal medium and the inoculation techniques were as previously described (Olutiola, 
1976). Each 250 ml Erlenmeyer flask containing 100 ml of the synthetic medium was inocula-
ted with 1 ml of an aqueous spore suspension containing approximately 5 x 10s spores per 
ml. Inoculated media were incubated without shaking at 30°C. 

Preparation of culture filtrates: Preliminary experiments showed that production of poly-
galacturonase and pectin lyase by P. sclerotigenum was maximum after incubation for 168 
hours. Filtrates from 168-h old cultures were oiarified by centrifugation at 15,000 g for 10 
min at 4°C. The filtrate was concentrated by ultrafiltration using UM-10 Diaflo membranes 
contained in LP-1A Amicon filtration apparatus. Protein content was determined by the 
method of Lowry, Rosebrough, Farr and Randall (1951). Mycelial mats and Pencillium infec-
ted yam tissues were extracted for polygalacturonase and pectin lyase activities as already des-
cribed (Olutiola and Akintunde, 1979) except that the extraction solution was 0.1 M Tris-
HCI buffer (pH 7.5 containing 0.5M'NaCI, since this solution was more effective than a solu-
tion of 0.5M NaCI alone. 

Enzyme separation: A column (25 x 640 mm) of Sephadex G — 100, surrounded by a water 
jacket maintained at 4°C, was prepared and calibrated as previous described (Olutiola, 1976). 
Ten ml of the enzyme concentrate were applied to the column and eluted with 0.1. M Tris-
HC1 buffer (pH 7.5) containing 0.1 M KC1). The protein content of the eluted fractions was 
recorded by continous measurement at 280 nm, and fractions (5 ml per tube) were collected 
in an automated fraction collector (LKB, 7000 A Ultra Rac). 

Fractions (26 to 32) which showed appreciable polygalacturonase and pectin lyase activi-
tis were subjected to ammonium sulphate precipitation ( 80% saturation) and dialysed for 
24 h against six changes of 0.1 M Tris-HCl buffer (pH 7.5) at 4°C. Ten ml of the dialysate 
was applied to a column (25 x 340 mm) of DEAE-Sephadex A - 50 surrounded by a water 
jacket at 4°C and equilibrated with the same Tris-HCl buffer. 

Fractions(5 ml per tube) were collected and measured as described above. Each fraction 
was analysed for polygalacturonase and pectin lyase activity. 

Assay Methods: 
Polygalacturonase (PG) activity: Polygalacturonase activity was determined by measuring 

the reduction in viscosity of one per cent pectin (Sigma) and occasionally by determining 
increase in reducing groups liberated at 3 0 ° c . Viscometric measurements were made at 30°C 
in standard U-tube viscometers (BS/U, size C) containing 9 ml of one per cent pectin in 0.1 M 
sodium phosphate buffer (pH 5.0) and 1 ml enzyme preparation. Polygalacturonase activity; 
was expressed as relative activity (RA). Relative activity was defined as 103 multiplied by the 
reciprocal of the time in minutes necessary for 50 per cent reduction in viscosity of the substrate 
at pH 5.0 at 30°C. Specific activity was defined as the relative activity units per mg protein. 
When polygalacturonase activity was measured by estimating the reducing sugars released, the 
reaction mixture contained 0.5 ml enzyme preparation and 4.5 ml of 1 per cent pectin in 0.1 M 
sodium phosphate buffer (pH 5.0). The reducing sugars released were measured by the method 
of Miller (1959). One unit of activity was defined as the amount of enzyme which liberated 
1 mole of galacturonic acid in one minute under the assay conditions. 
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Pectin lyase (PL) activity: 
Reaction products of the trans-eliminase reaction were detected by a modification of the 

thiobarbituric acid procedure of Weissbach and Hurwitz (1959) and by a direct spectrophoto-
metric measurement of increasing absorbance at 235 nm caused by unsaturated bonds formed 
during the degradation of pectic substances (Sherwood, 1966). The reaction mixture and the 
method of analysis for the thiobarbituric acid assay and the direct spectrophotometric techni-
que were as previously described (Olutiola and Akintunde, 1979). One unit of pectin lyase 
activity was defined as that amount of enzyme which caused an increase of 0.01 in absorbance 
at 540 n m or 235 nm per hour under the specified assay conditions of the tests. When the pre-
sence of polygalacturonase and pectin lyase activities were to be examined simultaneously the 
thiobarbituric acid reagent was used (Ayers et al. J966) . A peak at 510 — 515 nm was taken 
as being suggestive of the presence of polygalacturonase activity, while a peak at 547-550 was 
indicative of pectin lyase activity. 

Tissue maceration and cellular death: Ability of P. sclerotigenum to macerate plant tissues, 
was examined by the technique of Olutiola and Akintunde (1979) using discs of potato and 
yam tissues. 

Cellular death was determined by setting up experiments as employed for tissue macera-
tion (Olutiola and Akintunde, 1979). After incubation, toxicity was estimated by the techni-
que of Tribe (1955). The test solution consisted of 10 ml 1 M K N 0 3 , 1 ml 0.1% neutral red 
chloride and 1 ml of M Tris-HCl buffer (pH 8.5). The discs were allowed to remain in the test 
solution for 2 min before being washed with 1 M K N 0 3 . Cells which still retained the neutral 
red after the wash were termed live cells while those which lost the stain were considered 
dead. 

RESULTS 

Growth and release of polygalacturonase and pectin lyase: 
Penicillium sclerotigenum grew in synthetic liquid medium containing pectin as the sole carbon 
source. Growth of the organism increased with incubation period until the 168th hour, ai .er 
which no further increase in growth-was observed (Fig. 1). During growth, proteins which were 
capable of degrading pectic substances were released. Protein content in the medium paralleled 
mycelial dry weight, with baih'processes achieving maximum on the 168 h, beyond which no 
further increase was observed. During this period the pH of the medium became.increasingly 
alkaline from an initial pH of 5.5 to a maximum pH of 7.0 on the 6th day. 

When the culture filtrate was incubated with pectin, the ultraviolet absorption spectra of 
reaction products showed an increasing absorption at 235 nm. The ultraviolet absorption maxi-
mum near 230 — 235 nm is characteristic of unsaturated compounds released f rom pectic 
substances by transeliminase activity (Albersheim and Killias 1962). Spectrophotometric anal-
ysis of the reaction products of pectin, incubated with culture filtrate of P. sclerotigenum, 
exhibited absorption maximum at 550 nm at pH 8.5. Thus, spectra of thiobarbituric acid reac-
tion products confirmed the formation of unsaturated galacturonyl products resulting f rom the 
transeliminative cleavage of pectin by culture filtrates of P. sclerotigenum. 

The culture filtrate caused rapid reduction in viscosity of buffered pectin at pH 5.0. There 
was an increase in reducing power of the reaction mixtures which corresponded to loss in vis-
cosity of the substrate. At pH 5.0, spectrophotometric determination of the reaction products 
of pectin with thiobarbituric acid reagent exhibited an absorption maximum at 510 n m . All 
these characteristics are indicative of presence of polygalacturonase activity in culture filtrates 
of A sclerotigenum (Ayers et al. J 966; Talboys and Busch, 1970). 

Growth and production of pectic enzymes on different carbon sources: Experiments were 
carried out fo examine the constr ic t ive or inductive nature of the polygalacturonase and pectin 
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lyase produced by P. sclerotigenum. The organism was grown in media containing sucrose, 
glucose, maltose pectin, sodium polypectate, polygalacturonic acid, yam slices and some other 
carbon sources (Table 1). Culture filtrates of the organism grown on carboxymethylcellulose, 
mannitol, glucose, sucrose, lactose, maltose or inositol lacked Polygalacturonase and pectin 
lyase activities (Table 1). However the organism grew quite well and released proteins in to the 
medium on each of these carbohydrates. When the organism was grown in media containing 
pectin, sodium polypectate, polygalacturonic acid or yam slices, appreciable quantities of 
proteins which exhibited polygalacturonase and pectin lyase activities were released into the 
medium. 

Fractionation on Sephadex G — 100: Fractionation of the 2nd ammonium sulphate preci-
pitate (Table II) on Sephadex G - 100 produced a single absorption peak designated A (Fig. 2). 
The molecular weight of this component was approximately 72,000. Further separation of this 
component on DEAE — Sephadex A — 50 column resulted in three peaks of absorption designa-
ted Aa, Ab, and Ac. Components Aa and Ab exhibited polygalacturonase activity while compo-
nents Aa, Ab and Ac possessed pectin transeliminase activity (Fig. 3). 

Properties of the partially purified polygalacturonase and pectin lyase: . T h e partially puri-
fied components of peak A (Fig. 3) were employed. 

Maceration and cellular death: The partially purified polygalacturonase and pectin lyase of 
P. sclerotigenum caused maceration and cellular death of potato and yam tissues. Similar mace-
ration and cellular death of host cells have been attributed to the degradation of the host tissue 
by pectic enzymes (Garibaldi and Bateman, 1971; Tribe, 1955). 

Effect of some chemicals: The enzyme preparation was incubated with different concentra-
tions of C a C l 2 , NaCl, Ethylenediamine tetra-acetic acid (EDTA) and 2, 4 - djnitrophenol 
(DNP) respectively for 1 hour at 4°C, and aliquots were removed and used in enzyme assays. 
Activities of polygalacturonase and pectin lyase of P. sclerotigenum were stimulated by Ca"1""1" 
and Na+, but inhibited by EBTA and DNP (Table III). 

Effect of pH: Optimum activity of polygalcturonase occurred at pH 5.0, and that of 
pectin transeliminase was at pH 8.5 (Fig. 4). Thus acidic conditions were more favourable to 
polygalacturonase of P. sclerotigenum while alkaline conditions favoured pectin lyase activity 
Pectin lyase activity was not obtained below pH 5.0. Extract of yam infected by P. sclerotige-
num has a pH of approximately 7.0, while the pH of extract f rom uninfected yam is approxi-
mately 6.5. Activity of polygalacturonase and pectin lyase occurred at bo th pH levels (Fig. 5). 
Maximum activity of polygalacturonase and pectin lyase occurred a t ' 35°C (Fig. 5). There was 
a rapid loss of activity of both enzymes at 50°C. 

Effect of pectin concentration: Polygalacturonase and pectin lyase activities increased with 
increase in concentration of pectin in the reaction mixtures, achieving saturation at pectin con-
centrations of 9 mg/ml and 11 mg/ml for pectin lyase and polygalacturonase respectively. 

DISCUSSION 

Penicillium sclerotigenum secreted extracellular enzymes which degraded pectic substances 
hydrolytically and in a transeliminative fashion. Polygalacturonase and pectin lyase enzymes 
were detected in the culture filtrates of P. sclerotigenum grown in media containing pectic 
substances. Activities of both enzymes were stimulated by cations and inhibited by ethylen-
diamine tetra-acetic acid (a metal-chelating agent), suggesting that metal ions are likely to play 
essential role in the activity of these enzymes. Cation stimulation and EDTA inhibition of fungal 
pectinases have been reported by some workers (Sherwood, 1966; Wang and Pinckard, 1971; 
Hagar and Mclntyre, 1972). Inhibition of the activities of both enzymes by 2, 4-dinitrophenol, 
an uncoupling agent which interferes with aerobic phosphorylation processes, suggests the 
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importance of an energy-yielding process in the activities of the enzymes (Dixon and Wabb, 
1971) Besides their presence in culture filtrates, polygalacturonase and pectin lyase activities 
were detected in extracts of fungal mycelium as well as in extracts of Penicillium — infected 
yam tissues. Thus both enzymes were produced by P. sclerotigenum in vitro and in vivo. The 
enzymes were absent in healthy yam tissues, indicating that both enzymes were of fungal 
origin. 

Production of polygalacturonase and pectin lyase by P. sclerotigenum occurred only when a 
pectic substance was present in the medium (Table 1), suggesting the inductive nature of both 
enzymes. It is believed that the inductive synthesis of enzymes by a microorganism confers on 
the parent organism, an important biological control mechanism whereby the cells' equipment 
of enzymes is adjusted to the needs of its metabolism (Rose, 1968; Wiseman and Gould, 1971). 
Synthesis of polygalacturonase and pectin lyase by P. sclerotigenum could be of advantage, 
as the organism will be equipped with enzymes necessary for both hydrolytic and transelimina-
tive cleavage of the &, 14-glycosidic bonds of pectic substances contained in the host tissue. 
Many workers have implicated polygalacturonase and pectin lyase in pathogenesis (Mount et al. 
1970; Fanelli, Cacace and Cervone, 1978; Lisker, Katan and Henis, 1975). 

LITERATURE CITED 

ALBERSHELM, P. and KILLIAS, U. 1962. Studies relating to the purification and properties of pectin 
transeliminase. Arch. Biochem. Biophys. 97: 107 - 115 

AYERS, W. A. and PAPAVIZAS, G. C. 1965. An exocellular pectolytic enzyme of Aphanomyces eutei-
ches. Phytopathology 55: 249 - 253. 

AYERS, W. A. PAPAVIZAS, G. C. and DIEM, A. F. 1966. Polygalacturonate transeliminase and Polygalac-
turonase production by Rhizoctonia solani. Phytopathology 56: 1006 - 1011. 

DIXON, M. & WEBB, E.C. 1971. Enzymes. William Clowes and Sons Ltd.,Great Britain. 

FANELLI, C. CACACE, M. G. and CERVONE, F . 1978. Purification and properties of two polygalacturo-
nases from Trichodermakoningii. J. Gen. Microbiol. 104: 305 - 309. 

GARIBALDI, A and BATEMAN, D. F. 1971: Pectic enzymes produced by Erwinia Chrysanthemi and their 
effects on plant tissue. Physiol. PI. Path. 1: 25 - 40. 

HAGAR, S. S. and McINTYRE, G. A. 1972. Pectic enzymes produced by Pseudomonas fluorescens, an orga-
nism associated with "pink eye' disease of potato tubers. Can. J. Bot. 50: 2479 - 2488. 

« 
HSU, E. J. and VAUGHN, R. H. 1969. Production and catabolite repression of the constitutive polygalac-

turonic acid transeliminase of Aeromonas liquefaciens. J. Bacteiol. 98: 1 7 2 - 181. 

JOSLYN, M. A. 1962. The chemistry of piotopectin: a critical review of historical data and recent develop-
ments. Adv. Food Res. 11: 1 - 105. 

LISKER, N. Katan, J. and HENIS, Y. 1975. Sequential production of polygalacturonase, cellulase, and pectin 
lyase by Rhizoctonia solani. Can. J. Microbiol. 21: 1298 - 1304. 

LOWRY, O. H. ROSEBROUGH, N. J. FARR, A. L. and RANDALL, R. J. 1951. Protein measurement with 
the Folin Phenol reagent. J. Biol. Chem. 193: 265 - 275, 



OLUTIOLA - POLYGALACTURONASE AND PECTIN LYASE FROM PENICILIUM 159 

LUND, B. M. and BROCKLEHURST, T. F. 1978. Pectic enzymes of pigmented strains of Clostridium. J. Gen. 
Microbiol. 104: 59 - 66. 

MILLER, G. L. 1959. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analyt. Chem. 
31: 426 - 428. 

MOUNT, M. S. BATEMAN, D. F. and BASHAM, H. G. 1970. Induction of electrolyte loss, tissue maceration, 
and cellular death of potato tissue by an endopolygalacturonate trans-eliminase. Phytopathology 
60: 924 - 931. 

OGUNDANA S. K. NAQVI, S. H. Z. and EKUNDAYO J. A. 1970. Studies on fungi associated with soft rot 
of yams (Discorea spp.) in storage in Nigeria. Trans. Brit. Mycol. Soc. 54: 435 - 444. 

OLUTIOLA P- O. 1976. A cellulase complex in culture filtrates of Penicillium citrinum. Can. J. Microbiol 
22: 1153 - 1159. 

OLUTIOLA, P. O. » 1980. Extraoellular &-amylase production by the yam (Discorea spp.) rot organism, 
Penicillium solerotigenum Yamamoto. Acta Phytopathol. Acad. Sci Hung. (In Press). 

OLUTIOLA, P. O. and AKINTUNDE, O. A. 1979. Pectin lyase and pectin methylpsterase production by 
Penicillium citrinum. Trans. Br. Mycol. Soc. 72: 49 - 55. 

ROSE, A. H. 1968. Chemical Microbiology. Butterworths, Great Britain. 

SHERWOOD, R. T. 1966. Pectin lyase and Polygalacturonase production by Rhizoctonia solani and other 
fungi. Phytopathology 56 : 279 - 286. 

SPALDING, D. H. (1969). Toxic effect of macerating action of extracts of sweet potatoes rotted by Khi-
zopus stolonifer and its inhibition by ions. Phytopathology 59, 685 - 692. 

TALBOYS, P. W. and BUSCH, L. V. 1970. Pectic enzymes produced by Verticillium species. Trans. Br. 
Mycol. Soc. 55: 367 - 381. 

§1 
TALMADGE, K. W. KEEGSTRA K. BAUER, D. D. and ALBERSHEIM, P. 1973. The structure of plant 

cell walls. 1. The macromolecular components of the walls of suspension-cultured sycamore 
cells with adetailed analysis of the pectic polysaccharides. Plant Physiol. 51: 158 - 173. 

TRIBE, H. T. 1955. Studies on the physiology of parasitism XIX. On the killing of plant cells by enzymes 
from Botrytis cenerea and Bacterium aroideae. An. Bot. (N.S.) 19: 351 - 371. 

WANG, S. C. and PINCKARD, J. A. 1971. Pectin enzymes produced by Diplodia gossypina in vitro and in 
infected cotton bolls. Phytopathology 61: 1118-1124. 

WEISSBACH, A. and HURWITZ, J. 1959. The formation of 2-keto-3-deoxyiieptonic acid in extracts of 
Escherichia Coli. J. Biol. Chem. 234: 705 - 709. 

WISEMAN, A. & GOULD, B. J. \91\.Enzymes, their nature and role. Hutchinson Educational Ltd. London. 

WOOD, R. K. S. 1967. Physiological Plant Pathology. Blackwell, Oxford. 



160 NIGERIAN JOURNAL OF MICROBIOLOGY, VOL 2, NO 2, 1982 

I 

TABLE 1 

Effect of carbon source on production of polygalacturonase (PG) -and pectin lyase (PL) activities by 
P. sclerotigenum. 

Carbon source 
1% (w/v) 

Mycelial 
dry wt (mg) 

Protein 
in medium 
(ug/ml) 

PG 
(Units/ml) 

PI 
(Units/ml) 

Mean S.E.* Mean S.E. Mean S.E Mean S. 

Pectin 132.8+1.5al** 215.7+2.3a 45.3+0.9b 19.2+0.5a 

Yam 348.2±3.5b 480.6+3. lb 39.7+1.5c 5.5+0.Id 

Carboxymethylcellulose 22.7+1.0c 75.0+0.8c O.Oe O.Oe 

Mannitol 92.2+2.5dm 110.5+1.0d O.Oe O.Oe 

Glucose 164.5+3.0e 270.3+1.le O.Oe O.Oe 

Sucrose 174.7+1.5f 310.9+0.7f O.Oe O.Oe 

Lactose 39.6+0.9gn 93.5+1.5g O.Oe O.Oe 

Maltose 97.4+l.lhm 150. l+0.5h O.Oe O.Oe 

Inositol 35.5+2.0in 81.4+0.7il O.Oe O.Oe 

Sodium polypectate 139.5+0.8jl 220.6+0.5j 46.9+0.2a 16.3+0.90b 

Polygalacturonic acid 33.7+0.5kn 79.5±l.lkl 10.5+0.1d 6.3+0.2c 

*SE = Standard error 

** Means followed by the same letter in each column are not significantly different (5% level, 
Duncan's multiple range test). 



TABLE II 

Partial purification of polygalacturonase and pectin lyase of P. sclerotigenum 

Polygalacturonase 

Total Total Specific 
Fraction Activity protein activity 

(units) (mg) units/mg 
protein 

Crude culture 117500 525 223.9 

filtrate 

Concentration 47000 135 348.1 

(UM-10) 

l s t(NH)2S04 36154 47 769.2 
precipitation 

(60 --90%) 

sephadex G-100 30128 15.2 1982.1 

2nd(NH4)2S04 18830 6.6, 2853.0 

precipitation 

(90%) 

DEAE-Sephadex 
A—50 

Peak 

Aa 6091 1.5 

Ab 3205 1.1 

Ac -

4060.7 

2913.6 

Yield 
(%) 

100 

40 

31 

26 

16 

Purifi-
cation 

(fold) 

1.6 

3.4 

8.9 

12.7 

1 8 . 1 

13.0 



Pectin lyase 

Total Total Specific Yield Purifi-
activity protein activity % cation 

(units) (mg) units/mg (fold) 
protein 

46250 525 88.1 100 

22024 135 163.1 48 1.9 

20022 47 426.0 43 4.8 

18202 15.2 1197.5 39 13.6 

14001 6.6 2121.4 30 24.1 

3515 1.5 2343.3 8 26.6 

3400 1.1 3090.9 7 35.1 

4015 1.2 3345.8 9 38.0 
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TABLE in 

Influence of some chemicals on the activities of partially purified (gel filtration, Sephadex G-100) polyga-
lacturonase (PG) and pectin lyase (PL) obtained from 168-h-old culture filtrates of p. 
P. sclerotigenum 

Concentration Enzyme activity as percentage of control 

of chemical 
(mM) 

C a c ^ 
PG PL 

NaCl 
PG PL 

EDTA 
PG PL 

DNP 
PG PL 

0* lOOe* lOOe lOOe 100c 100a 100a 100a 100a 

1 105d 119d 102d 100c 33b 45b 41b 49b 

5 109c 125c 107c 101c 10c 23c 25c 30c 

10 117b 133b 121b 105b 2d l id 9d 14d 

20 122a 140a 125a 110a Oe Oe Oe Oe 

*No Chemical added, i.e. control 

**Means followed by a different letter in each column are significantly different (5% level, Duncan's mul-
tiple range test). 

LIST OF FIGURES 
Fig. 1. Growth of P. sclerotigenum (as total mycelial dry weight,(a) in liquid medium containing 

1 % pectin (w/v), showing pH ( • ) and protein content ( • ) in the medium, and activi-
ties of polygalacturonase ( 0 - 0 - 0 , percentage reduction determination; 0 - 0 - 0 - , 
reducing sugars analysis) and pectin lyase A-A-A , thiobarbituric acid reaction at 
540 nm; £r£~A direct spectrophotometry at 235nm). 

Fig. 2. Separation of proteins in concentrated culture filtrates of P. sclerotigenum by gel filtra-
tion, and polygalacturonase (PG) and pectin lyase (PL)activitiesof the fractions. 0 - 0 - 0 , 
protein (Ejgo); • - • - • , polygalacturonase activity; - , pectin lyase activity. 

Fig. 3. Separation by ion exchange chromatography of proteins (fractions 26 - 32) previously 
separated from culture filtrates of P. sclerotigenum by gel filtration (Fig. 3), and poly-
galacturonase (PG) and pectin lyase (PL) activities of the fractions. 0 - 0 - 0 , protein 
(E280); t - i - t , polygalacturonase activity; , pectin lyase activity. 

Fig. 4. Effect of pH on activity of partially purified (gel filtration, fraction A, Fig. 3) polygalac-
turonase (O) and pectin lyase (A) obtained from 168-h-old culture filtrates of P. scleroti-
genum. Data points are the means of three replicates. F test was significant, P = 0.01 
Turkey's least significant range ( P = 0.05) for polygalacturonase =* 0.29, and for pectin 
lyase = 0.17. 

Fig. 5. Effect of temperature on activity of partially purified (gel filtration, fraction A, Fig.3) 
polygalacturonase (O) and pectin lyase (A) obtained from 168-h-old culture filtrates 
of P. sclerotigenum. Data points are the means of three replicates. F test was significant, 
P = 0.01. Turkey's least significant range (P=0.05) for polygalacturonase - 0.20 and for 
pectin lyase = 0.49. 

\ ~ m m m m m m 
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BACTERIA CAUSING BEEF SPOILAGE IN A MEAT SHOP IN IBADAN 
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D. 0 . ALONGE 
Department of Veterinary Public Health and 

Preventive Medicine 
University of Ibadan, Ibadan. 

ABSTRACT 
A study of the bacteria found growing on and spoiling beef in a meat shop in Ibadan is made. 

Those in the genera Micrococcus,Lactobacillus, Flavobacterium and Pseudomonas were found 
to be the main spoilage organisms. Pseudomonas spp were isolated under bo th warm and cold 
storage conditions and hence they constitute the major bacteria that will spoil stored meat. 

INTRODUCTION 
Today, meat quality means more than just an attractive appearance. Quality includes cha-

racteristics such as tenderness, flavour, freshness and wholesomeness. These are affected by 
the quanti ty and quality of the microbial growth causing chemical changes resulting in the meat 
being unacceptable to the consumer due to slime, souring or putrid odours. 

The identity of the bacteria present on f jesh meat is necessary to anticipate the extent of 
spoilage under subsequent storage and handling procedures. While storage of the meat in 
open chillers and fridges will encourage the growth of Pseudomonas spp mainly, packing in 
polythene sheets create anaerobic atmospere for Clostridium species. Vacuum packaging of 
meat will prevent spoilage by Pseudomonas while factultative anaerobes like Lactobacillus 
and Micro.bacterium are not prevented from growing (CSIRO, 1977). 
Bacterial spoilage is manifested in a number of ways, the most common being, off odours, 
slime, rancidity of fats, bone-taint discolorations and phosphorescence. Spoilage usually begins 
to become apparent when the surface count exceeds 107 organisms/cm2 or per gram. (Nottin-
gham, 1971). 

Species of Pseudonomas, Achromobacter, Streptococcus, Bacillus, micrococcus and Lactobacillus have been 
shown to grow on beef and produce slthie indicating spoilage (Ayres, 1960: Gardner, 1969; and Gill, et al, 1979) 
These are differentiated from the intrinsic basteria of meat by Gill, 1979.However many workers believed that 
Pseudomonas spp. constitute the most important spoilage bacteria even in meat stored in chillers (Brown, et al, 
1958; Smith, et al, 1975 anf Grau, 1974). 

This work aims to classify by genera the bacterial flora of fresh meat (beef) based on Cultural 
studies and some biochemical activities of the organism. This is with a view to anticipate the 
type of spoilage and possible public health implications. No evidence of any work done in 
Nigeria in this field is available. 

MATERIALS AND METHOD 
Meat samples were taken from beef carcases kept overnight in chillers at the Ministry of 

Agriculture Meat Shop, Bodija, Ibadan. 
I modified the template surface sampling method developed by Yokoya and Zulzke (1975) 

168 
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by not limiting myself to a swab of an area of 10cm2 using metal templates but obtaining 
samples of the surface top layer of 10cm2 and 0.2cm thick. The samples are then weighed 
and homogenised in 50ml of 0.1 per cent peptone water using a colworth's stomacher. The 
suspension is allowed to settle and the clean upper layer is decented and used for plating. 
Duplicate plates were made on blood agar for initial and subsequent isolations. Duplicate plates 
were incubated aerchically for 24 hours at 35°C and 4°C respectively. Identifications of the 
isolates were made with the aid of Bergey's Mannual of Determinative Bacteriology, 8th edition 
(1974). 

Characteriisation was based on colonial cultural characteristics, individual bacterial charac-
teristics motility and some biochemical reactions (see Table 1). 
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TABLE 1 
Cultural, Morphological, Biochemical Characters Used to Differentiate the 

Surface Bacteria of Beef Meat 

Gram 

Shape 

Motility 

O - F 

Micrococcus 

+ve 

cocci 

0 or no 
reaction 

Lactobacillus 

+ve 

rod 

- v e 

r 

Bacillus 

+ve 

rod 
(spore) 

+ve 

both 

Staph. 

+ve 

Flavo-
bacterium 

red to 
coccobacilli 

mainly O 

Pseudomonas 

- v e 

rod 

O or no 
reaction 

Aeromonas 

rod 

Acinetobacter 
Achromobacter/ 

Alcaligenes 

+ve 

F 

mainly 
coccobacilli 

rod to 
coccobacilli 

O or no 
reaction 

o 

Z 
O cn 
50 > 
Z 
VH o 
c jo z > 
r 
o 
•n 

Catalase +ve -ve -fve +ve +ve +ve +ve +ve +ve 
2 

Oxidase 
+ve 

(variable) 
-ve +ve +ve +ve +ve +ve +ve +ve n pa o 03 

o r O 
Nitrate 
Reduction 

—ve 
(variable) - v e variable +ve mainly +ve +ve variable - v e 

n pa o 03 
o r O 

Indole - v e —ve ND* - v e +ve - v e +ve - v e —ve o < 

Methyl Red - v e —ve ND —ve -[ve -ve -|-ve -ve -ve < o 
V - P - v e - v e ND —ve +ve —ve +ve +ve - v e r 

Others 
(Colonial 
character-
istics) 

Cream-
white, 
smooth, dis-
crete, large 
cocci in 2's 
and 4's 

Yellowish, 
mucoid, 
spreading, 
loses +ve gram 
easily. In l ' s 
2's or 3's. 

Rough, 
mucoid, 
irregular, 
yellowish, 
wide zone 
of haemo-
lysis. 

Cream-
white, 
snooth , 
entire, 
cocci 
in 
bunches 

Yellowish 
smooth, 
discrete, 
haemo-
lytic, 
snail 
rods. 

Greyish, 
rough, 
mucoid, 
small to 
long 
straight 
or curved 
rods. 

Whitish, 
mucoid, 
entire, 
medium 
to large 
rods. 

Greyish, 
confluent, 
mucoid, 
smooth, 

coccocid 
short rods. 

Mucoid, 
irregular 
spreading 
colonies, 
slender rods. 

z o 
K> 

vo 
00 N> 

»N D - Not done 
The organisms in the family Enterobacteriaceae were differentiated from the other groups by their gram and Oxidase reactions. 

Cytophaga is closely related to the Enterobacteria but easily differentiate by its proteus-type swaiming growth on solid agar. Cytophaga are arease negative and form long 
filamentous non-branshing rods. 
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RESULT 
Ninety three bacterial isolations from beef, under two temperatre conditions (35°C and 

4°C), were made, (see table 2). 

TABLE 2 

Summary of Isolation 

Gram Reaction Organism per Frequency of Primary Isolation 
Genera Isolation Temperature 

Micrococcus 16 35°C 
Positive Lactobacillus 10 35°C 

Bacillus 3 35°C 
Staphylococcus 3 35°C 

4°C 
4°C and 35°C 
35°C 

Negative Acinetobacter 6 35°C 

40C 
35°C 
35°C 

4°C and 35° C. 

Flavobacterium 10 
Pseudomonas 16 
Aeromonas 8 
Acinetobacter 6 
Achromobacter/ 
Alcaligenes 4 
Cytophaga 6 
Enterobacteria 6 

Others -
Unclassified 5 

Micrococcus spp and Lactobacillus spp. constituted the majority among the gram positive 
bacteria isolated. Pseudomonas spp. Flavobacterium spp, and Aeromonas were the most com-
monly gram negative bacteria isolated. There were 5 isolations which were gram negative but 
because of their varying and inconclusive colonial and morphological characteristics and bio-
chemical reactions did not fit into the Table of diagnostic criteria. Some of these unclassified 
bacteria grew at both 30°C and 4 ° c . 

DISCUSSION 
The modified template surface sampling method used in this work has been found to give a 

more accurate picture of the bacterial load of the meat because it relates the surface area to 
idepth. Recently, aerobic spoilage bacteria have been found to be able to peneteate in signifi-
cant numbers, with 6 1 - 6 4 per cent correlation between the surface down to a depth of.1.5cm 
(Alonge, 1980). This was why ordinary swab method was not used. 

This work was limited to the Bodija Ministry abattoir alone because it is the only meat shop 
in Ibadan with a near ideal infrastructure for handling meat. It has acceptable, clean environ-
ment and working chiller rooms. 

Incubation of duplicate plates at both 35°C and 4°C was to simulate subsequent storage 
environments. These are the average market meat stalls and household refrigerator temperatures 
respectively. Since only Pseudomonas, Flavobacterium, and Achromobacter Species were isor 
lated at 4 ° c , these would constitute the major bacteria that would spoil meat stored in refri-
gerators. Meat left on market stalls, kitchen cupboards and inside non-refrigerated vehicles 
may therefore be spoilt by all the others including some Pseudomonas spp. which also grow in 
warm temperatures. This goes further to confirm what other workers (Ayres, 1960; Jay, 1972; 
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Smith, et al, 1975) in other countries, have found out that Pseudomonas spp. are the most 
important spoilage organisms of stored meat. 

The presence of Staphylococcus spp. in the meat is inconclusive to to indicate possible 
human contamination or ability to cause food poisoning as more work is indicated to deter-
mine whether one is dealing with the virulent S. aureus or the relatively avirulent S. elbus 
of the normal flora of the human skin, mouth and upper respiratory tract. Isolation of setae 
organisms in the Enterobacteria group on meat definitely indicates faecal contamination which 
may be as a result of poor dressing techniques or contamination by meat handlers. Other bac-
teria may have been present bu t not recovered by the limited procedures used in this study. 
If plates had been incubated under anaerobic conditions, other spoilage bacteria could have 
been isolated. 

In conclusion, sterile production of meat is impossible but the slaughter, dressing and 
handling methods must aim at minimising the number of potential spoilage organisms if the 
products are to have a reasonable storage life in the hands of the consumer. 
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ABSTRACT 

The ability of Pseudomonas fluorescens to use carbon and nitrogen sources for growth 
was investigated by growing the organism.in various carbon sources (Histidine, glucose, succi-
nate and glutamate) and nitrogen sources (Histidine, and ammonium sulphate) at pH 7.2 and 
30°C temperature. The fastest growth rate was observed when glutamate served as the carbon 
source followed by glucose, while growth in succinate or histidine medium was relatively slow. 
The presence of a nitrogen source in addition to the carbon source did not affect growth pat-
tern appreciably than when only carbon source was present. Pseudomonas fluorescens seemed 
quite adaptable in terms of carbon or nitrogen sources for growth. 

INTRODUCTION 
Pseudomonas belongs to the family Pseudomonasceae, which is characterised by being 

gram-negative and non spore formers (Bergey, 1957). Broadly speaking the genus Pseudomonas 
can be divided into fluorescent and non-fluorescent species (Stanier, et al, 1966). Pigments such 
as pyocyanin and fluorescein are common in the fluorescent species. However the ability of these 
fluorescent organisms to produce pigment depends on the nutritional state of the organisms 
(Stanier, et al, 1966). Previous work had shown the presence of CO2 — fixing enzymes, pyru-
vate carboxylase and phospho-enol pyruvate carboxylase in P. fluorescens (Higa, et al, 1976) 
when the organism was grown on glucose. P. fluorescens degrades histidine via forminino 
glutamate and formyl glutamate when the organism is presented with this amino acid (Tabor, 
et al, 1952). It has subsequently been shown that this pathway is common to other species 
of Pseudomonas so far studied, namely P. aeruginosa (Lessie, et al, 1967); P. putida (Hug, 
et al, 1968) and P. testosteroni (Coote, et al, 1973). Some carbohydrates, glucose, ribose and 
fructose in low or high concentrations were found to shorten the lag period required for the 
synthesis of protocatechuate oxygenase in P. fluorescens (Kirkland, et al, 1965). Friede, et al 
(1976) showed that when P. fluorescens is presented with hydroxylsine, the organism metabo-
lised this amino acid by two possible pathways. P. fluorescens utilized maltose by hydrolizing 
it to glucose alone by means of an inducible alpha - glucosidase (Guffanti , et al, 1975). Reick, 
ef a/ (1971) studied the growth rate of colonies of P. fluorescens in the presence of glucose and 
observed a linear increase in bacterial population with t ime. From the various observations so 
far, it seems that the genus Pseudomonas is nutritionally diverse baving the ability t o adapt 
when presented with varying substrates for growth. The present study examines the ability 
of P. fluorescens to adapt when presented with a variety of carbon or nitrogen sources. 
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MATERIALS AND METHODS 

Chemicals 
All chemicals were purchased commercially from British Drug House Limited, Poole, Dor-

set, England. 

Media 
Sole carbon sources: 
Glucose (2 g/1); Succinate (2 g/1); Glutamate (2 g/1) and Histidine (2 g/1). Sole nitrogen sources: 
Ammonium sulphate (2 g/1): and Histidine (2 g/1). 

Methods 
Organism-: The organism used for the study was Pseudomonas fluorescens NCIB 9046 (obtained 
commercially from the National Collection of Industrial Bacteria, England). 

Maintenance of Organism. 
The organism was normally maintained on nutrient agar slopes at 0°C. It was frequently sub-
cultured by streaking on sterile nutrient agar plates, and incubated for 24 h at 30°C to check 
for homogeneous colonies. 
Growth of starter cultures 
Each medium (10 ml) containing 2 g/1 of a carbon source (either histidine, glucose, succinate 
or glutamate, depending on the one.to be used as the starter culture, 5 g/1 potassium dihydro-
gen phosphate with pH adjusted to 7.2 with 5-M-sodium hydroxide was placed in four separate 
boiling tubes and plugged with cotton wool before sterilizing. A few drops of sterile 10% w/v 
magnesium sulphate solution was added to each medium in the boiling tube. 

Each medium was inoculated with the organism from a nutrient agar plate and the organism 
was allowed to grow in each tube under shaking conditions (30 cycles/min) for 24 h at 30°C. 

If histidine was used as the source of carbon, the starter culture was termed-'histid s 
starter culture' in the text. Similarly this description was applied to other compound sources. 
Growth of large cultures. 
Four conical flasks (250 ml vol.) contained 100 ml of each of the following defined media 
Histidine medium contained 0.2 g/100 ml histidine land 0.5 g Potassium dihydrogen phosphate. 
Glucose medium contained 0.2 g/100 ml glucose and 0.5 g potassium dihydrogen phosphate. 
Succinate medium contained 0.2 g/100 ml succinate and'0.5g potassium, dihydrogen phosphate. 
Glutamate medium contained 0.2 g/100 ml glutamate and 0.5 g potassium dihydrogen phos-
phate. 

The pH of each medium was adjusted to 7.2 with "5 M-sodium hydroxide and the tops 
plugged with cotton wool before sterilizing. Sterile 10% (w/v), magnesium sulphate solution was 
added to each medium to give a final concentration of 0.2%' (w/v) magnesium sulphate. Each 
100 ml medium was brought to the appropriate temp. (30°C) and each was inoculated with the 
appropriate starter culture (10 ml) from the boiling tube. Growth of the organism in the various 
media proceeded at 3 0 ° c under shaking conditions. Growth of the organism in each medium 
was.monitored at stated intervals by measuring the absorbance at 580 nm of small samples using 
a Pye Unicam SP 500 Spectrophotometer. Growth curve for each given condition was obtained 
by plotting log A580 nm against duration of growth for 10 h. 

RESULTS 
Glutamate starter culture was grown for 24 h at 30°C. This was used to inoculate histidine, 

glucose, succinate and glutamate media. Growth proceeded at 30°C under shaking conditions 
as described in Methods and the pattern of growth in each medium was followed by reading the 
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absorbance at 580 nm. The growth patterns are shown ift fig. 1. There Was no lag phase observed 
when the organism was transferred from the glutamate starter medium. The exponential phase 
of growth in such medium lasted for about 6 h and the organism reached the stationary phase 
in each medium after 7 h growth (fig. 1). The organism showed a slightly bet ter growth in glu-
tamate medium than other media. It is observed that the growth response was poorer when the 
succinate starter culture was used to inoculate the four growth media (fig. 2). There was no lag 
phase observed when the organism was transferred to these media. There was variation in the 
time elapsed to reach the stationary phase as the organism reached it after 8 h growth in gluta-
mate (fig. 2). When histidine starter culture was used to inoculate the four media, the growth 
curves gave similar shape except that the exponential phase was less steep. Generally the sta-
tionary phase was reached after 7 h growth and there was no lag phase (fig. 3). When the glu-
cose starter culture was used to inoculate the four media (fig. 4) it is observed that the rate of 
growth was faster in the media and the stationary phase was attained quicker. When we inclu-
ded ammonium sulphate as a nitrogen source in the various starter cultures to inoculate the .va-
rious media to observed generally a short lag phase of up to 1 h growth. Earlier we had obser-
ved that growth of the organism was generally poor in all media at pH 6'. 8and 26°C tempera-
ture. 

DISCUSSION 
The growth pattern of Pseudomonas fluorescens was observed by growing in various carbon 

sources and nitrogen sources. Growth is the sum of all the processes of catabolism and anabo-
lism leading to net synthesis of cellular substances. Normally when actively growing cells are 
transferred from one medium to the other they undergo an adaptive phase during which the 
organism produces the enzymes necessary for the metabolism of the new medium. From tHe 
present study it seems that P. fluorescens NCIB 9046 could metabolise the carbon sources 
glucose, glutamate, succinate and histidine without any appreciable lag phase. Generally gluta-
mate on its own supported growth faster than the other carbon sources. In instances where the 
medium for the starter culture was different from the growth medium - histidine starter culture 
transferred to glucose medium — the organism did not show appreciable lag phase or the lag 
phase was rather short. The ability of P. fluorescens to metabolise glutamate rapidly could be 
explained in the sense that this amino acid can be rapidly transaminated to4cetoglutarate, a 
key metabolite in Kreb's cycle. Possibly the presence of this ke to acid could induce the enzy-
mes of the citric acid pathway. Glucose supported growth of the organism faster after gluta-
mate. It is doubtful whether glucose itself is the inducer of the Etner - Duodoroff pathway 
enzymes in this organism. There is evidence that gluconate served as the inducer of the enzy-
mes of this path-way in a species of P. flourescens (Quay, et al, 1973). It was shown that glu-
conate, bu t no t glucose induced the synthesis of glucokinase in some mutants. It is surprising 
that succinate as a carbon source did not support a faster growth rate in P. fluorescens NCIB 
9046, although this substrate is an intermediate in the citric acid pathway. Succinate as such 
may not be a powerful inducer of the citric acid pathway enzymes. The pathway of histidine 
metabolism is well established (Meister, 1967). P. fluorescens metabolises histidine to gluta-: 
mate (Tabor, et al, 1952). It is quite likely that the slow response of the organism to growth 
on histidine is due to this. The organism has to convert histidine to glutamate, and then this 
amino acid can be transaminated. Normally glutamate on its own induced a faster growth rate. 
From these results it seems that P. fluorescens is quite adaptable in its ability to utilise the car-
bon sources glutamate, glucose, succinate and histidine. The presence of a nitrogen source in 
addition to the carbon source did not significantly affect this ability. We did not observe 
"transition points" as observed by Rieck, et al, (1973) when P. fluorescens was grown on glu-
cose. It is quite reasonable to suggest that some of the enzymes of the metabolic pathways 
of these carbon sources are present at constitutive levels, and that they are fully induced when a 
particular substrate is presented. 
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Fig. 1. Growth of P. fluorescens on glutamate, glucose, succinate and histidine using glutamate starter culture. 

The organism was grown on glutamate starter culture for 24 h at 30°c and then transferred to the various 
media as described in the text. At 1 h intervals samples were taken |rom each medium for the determination 

A 580 n m -



00 

Fig. 2. Growth of P. fluorescens on glutamate, glucose, succinate and histidine using succinate starter culture. 

The organism was grown on glutamate starter culture for 24 h at 30°C and then transferred to the various 
media as described in the text. At 1 h intervals samples were taken <rom each medium for the determination 
o f A 5 8 0 n m - - — - j 
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Fig 3 Growth of P. fluorescens on glutamate, glucose, succinate and histidine using histidine starter culture. 

The organism was grown on histidine starter culture for 24 h at 30°C and then transferred to the various 
media as described in the text. At 1 h intervals samples were taken from each medium for the determination 
at A 5 8 0 n m . 
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Fig. 4. Growth of P. fluorescens on glutamate, glucose, succinate and histidine using glucose starter culture. 

The organism was grown on glucose starter culture for 24 h at 30°C and then transferred to the various, 
media as described in the text. At 1 h intervals samples were taken from each medium for the determination r i 
o f A 5 8 0 n m . 
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INTRODUCTION 
Perhaps the greatest danger associated with drinking water is contamination by human 

excrement (Bacteriological Examination of Water Supplies (BEWS), 1970). If such excrement 
contains pathogenic microorganisms, then consumers of the water may become infected by the 
diseases caused by the pathogens. The coliforms are generally present in large numbers in 
human exrement and can be detected in numbers as small as one in 100ml of water (Dutka and 
Tobin, 1976; Baker, 1979). They are therefore the most sensitive indicators at our disposal for 
demonstrating the excretal contamination of water. Thus the presence of faecal 'coliform bac-
teria in a water sample indicates that intestinal pathogens may likely be present, although per-
haps in a much fewer number. Thus water is considered free of pollution when it contains less 
than one coliform bacteria per 100ml of water (WHO, 1971). 

Studies were undertaken to examine the coliform density in the drinking water supplied 
from the Oshogbo-Ede water treatment plant to the University of Ife and the neighbouring 
towns and villages. The term 'coliform' as employed in this work refers to those aerobic" and 
facultative anaerobic, gram-negative, rod shaped bacteria which ferment lactose with gas pro-
duction within 48h at 35°C (Breed et al., 1973). 

MATERIALS AND METHODS 
Sampling: 

Water samples were collected from five sites over a three months period (Late September 
to early December, 1976): treated water at Oshogbo-Ede water works, Ede, Sekona, Edunabon 
and the University of Ife, Ile-Ife. Weekly samples were collected by filling 500ml sterile bottles, 
iced and processed within 12 hours of collection. Collection and examination of samples were: 
as described in the standard methods for the examination of water and waste water (APHA, 
1971). 

Sample Analysis and Culture Media: 
Residual chlorine was measured at each site by the orthoto4idine method (hatch Methods 

Manual, 1976). 
All samples were tested for total coliform population by the most probable number (MPN) 

technique (APHA, 1971) using MacConkey's broth (Baker, 1967) for the presumptive test and 
eosin methylene blue (EMB) agar plates for the confirmed test. Typical coliform colonies f rom 
the EMB plates were transfered to MacConkey's broth and nutrient agar slants. Production of 
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acid and gas in the MacConkey's broth , and the absence of spores and presence of gram-nega-
tive bacteria rods were interpreted as the presence of coliform organisms. Bacto-E C bro th was 
employed for the faecal coliform test. Composition and preparation of all media were as pre-
viously described (APHA, 1971). 

All coliform isolates were biochemically identified by the indole, methyl red, Voges-Pros-
kaeur and citrate utilization (IMVIC) reactions and by the production of hydrogen sulphide 
and urease as previously described (APHA, 1971; Edwards & Ewing, 1972). 

RESULTS AND DISCUSSION 
Preliminary experiments indicated high total bacteria and coliform counts in the raw (un-

treated) water that is being treated at Oshogbo-Ede water treatment plant. After t reatment , no 
coliforms were detected per 100ml water sample, and the maximum total bacteria obtained 
was fifteen bacteria per ml of treated water. Thus by international standards (WHO, 1971, 
the water Sample at the treatment plant can be considered safe for drinking as it contains no 
coliform bacteria per ml of water. However, as we proceed from the treatment plant, there was 
a gradual rise in the total bacteria and coliform density and a gradual fall in the residual chlorine 
ne (Fig. 1). Among the sites sampled, University of Ife, (which was the farthest from the treat-
ment plant) contained the highest number of total bacteria and coliform counts, and for most 
of the time, residual chlorine was not detectable. 

Judging f rom the results of the coliform density, water collected from each site (except 
from the treatment plant) failed to meet the safe drinking water standards (WHO, 1971), or in 
other words, the water samples contained more than one coliform bacteria per 100ml water. 

A number of factors could be responsible for contamination of the water samples among 
which are inadequate chlorination, regrowth of coliforms, effect of storage, effect of distance 
and contamination in distribution system. " 

It is ordinarily considered a good operational technique to have a residual chlorine in the 
amount of at least l ppm in the water as it leaves the water t reatment plant or storage tanks 
facility. In the present work the maximum concentration of chlorine wa?0.5ppm which appears 
quite inadequate especially for sites like Edunabon and the University of Ife which are far re-
moved from the water treatment plant. Also the regrowth of coliforms is a possible cause of the 
contamination. Although chlorine is a powerful germicide in respect of the bacteria of water-
borne diseases, regrowth of bacteria in the presence of chlorine has been observed (Shuvel et al. 
1973). Chlorine resistant strains of bacteria have also been isolated from water (Farakas-Hims-
ley, 1964). 

Water that is pumped to the consumer is stored in tanks at each sampling site. Such storage 
will lead to chlorine dissipation, resulting in more coliform regrowth (Shuvel et al. .1973). 

Another possible cause of contamination in the distribution system could be cross connec-
tions, calking materials used in the joints, leather washer of pumps, faulty plumbing and back 
siphonage. Frequent interruption of the water supply is also a possible cause. This is a common 
feature of the water supply to the various sites especially University of Ife. During such periods, 
low pressure can be created in the pipeline and contaminants might find their way into the pipe 
lines through possible existing holes and leaks (APHA 1971). 

Our best control over the final quality of water is chemical treatment involving chlorine 
administered as a gas. However, as pointed out earlier, routine tests made for chlorine during 
the sampling period failed to show any evidence of a significant amount of chlorine in our 
water. One possibility is to request the Oyo State Water Corporation to install,chlorinators at 
each site. We would then have the application and the control of the chlorination process 
administered locally and not be subject to the many vicissitudes that might occur at the Osho-
gbo-Ede plant or along the distribution-systems and reservours. 
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FIGURES 

Figure 1. Relationship between total bacteria population, coliform density and residual chlorine of water 
at different sampling sites (Distances:-Plant, Ede, Sekona: Edunabo: Unife - 5, 13, 8, 13 Km). 
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ABSTRACT 

A new synthetic medium was developed for growth of rhizobia. The medium consisted of 
mineral salts amended with 0.5% mannitol and one or two growth factors. The vitamins calcium 
pantothenate, thiamine mononitrate, inositol, and biotin stimulated rhizobial growth. In parti-
cular, calcium pantothenate was found to be almost as effective as a combination of all the 
other vitamins in promoting growth of the root nodule bacteria studied. Three strains of 
Rhizobium proliferated readily in this simple medium. For instance, a cowptfa Rhizobium strain 
K04SRPR grew in this medium with a generation time of 4.5 hours compared to a generation 
time of 4.1 in the conventional yeast extract mannitol bro th . Therefore this yeast extract-free, 
synthetic, medium would be useful for the study of the metabolism and the physiology of the 
root nodule bacteria. 

INTRODUCTION 
Yeast extract mannitol (YEM) is the conventional medium used for growing root nodule 

bacteria in the laboratory (Vincent, 1970). This medium consists mainly of mineral salts and 
mannitol enriched with yeast extract. However, since the exact chemical composition of yeast 
extract is not known, YEM is unsatisfactory for growth of rhizobia whenever it is desired to 
study the physiological and biochemical characteristics' of these bacteria, or whenever it is 
necessary to examine the metabolism of chemical compounds by these organisms. To surmount 
this problem some authors have used certain types of defined media. For example, Valera and 
Alexander (1965) used a medium consisting of mineral salts-mannitol plus about eight different 
vitamins^ to study the nodulation factor for Rhizobium-lsgume symbiosis. A similar bro th was 
also employed by Phillips and Torrey (1970) and Peters and Alexander (1966) to characterize 
some physiological properties of the foot nodule bacteria. 

The purpose of this s tudy, therefore, was to determine the relative importance of each of 
the common growth factors to rhizobial proliferation, and consequently establish a new, simple;, 
synthetic medium which would be employed readily to study the physiology, biochemistry, 
and ecology of this group of bacteria. 

MATERIALS AND METHODS 
In order to replace the complex, yeast extract-containing YEM medium with a simple 

mineral salts-with-growth factors medium a broth was prepared as follows. Vincent 's (1970) 
mineral salts medium was modified to contain the following macro — and micro-nutrients per liter 
of distilled water: lO.Og mannitol , l.Og r 2 H P 0 4 , l.Og K H 2 P 0 4 , l.Og K N 0 3 , 0.20g N a H 2 P 0 4 

2H 2 0 , 0.18g MgS0 4 , 0.13g CaSOJ.2H 2 0, 0.10g F e ( N 0 3 ) 2 . 9 H 2 0 , 0.2mg NaMo0 4 . 2H 2 0 , 
0.2mg Z n S 0 4 . 7 H 2 0 , 0.2mg H 3 B 0 3 , 0.2mg M n S 0 4 H20, 0.015mg C u S 0 4 , and O.OOlm'g 
C O ( N 0 3 ) 2 . 6 H 2 0 . 
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Portions (15.0ml) of this mineral salts-mannitol medium were placed in 25ml test tubes, 
and 7 of these tubes were amended with 1.3mg/l of each of the following seven vitamins: 
p-aminobenzoic acid, pyridoxine phosphate, inositol (meso), thiamine mononitrate, calcium 
pantothenate, riboflavin, and biothin. The grpwth factors were obtained f rom Nutritional 
Biochemicals Corp. .Cleveland, Ohio, U.S.A. Each' tube was then inoculated with 0.1ml of a 
cell suspension derived from a 48-hour culture of each of cowpea Rhizobium K04SRPR, 
R. meliloti 87TR, and R. Phaseoli 203CR, in separate experiments. The cell suspensions had 
earlier been washed three times with 0 JM phosphate buffer , pH7.0. In each case the cell den-
sity was 0.10 as measured by a Spectronic 20, spectrophotometer, at a wavelength of 540nm. 
Controls consisting of inoculated and uninoculated mineral salts-mannitol media were also 
prepared. Each treatment was in duplicate. All the tubes were incubated on a rotary shaker at 
30C fo t 2 days, with a shaker speed of 180 rpm. Growth of bacteria in each tube was measured 
turbidimeitrically at intervals of 3 hours using a spectrophotometer (Spectronic 20), and measu-
ring optical density at 540nm. 

The cowpea Rhizobium strain K04SRPR was obtained from Dr. S. O. Keya, University 
of Nairobi, Nairobi, Kenya. R. meliloti 87TR and R. phaseoli 203CR came from Prof. M. 
Alexander, Cornell University, Ithaca, New York, U.S.A. 

RESULTS AND DISCUSSION 
As shown in Fig. 1, the cowpae Rhizobium strain K04SRPR grew better in a mineral salts 

- mannitol broth amended with the growth factor calcium pantothenate, than in the same 
medium treated with any of the other six vitamins. The vitamins thiamine mononitrate, biotin, 
inositol (meso), riboflavin, and pyridoxine phosphate in that decreasing order of effectiveness, 
were also found to be stimulatory to the growth of the rhizobium. In a similar study, Graham 
(1963).also found that strains of R. leguminosarum, R. phaseoli and R. trifolii exhibited posi-
tive gr'oWth response to calcium pantothenate as well as thiamine and biotin. On the other hand, 
surprisingly, p-aminobenzoic acid (PABA) was found to lack the physiological or nutritional 
function of a growth factor as it retarded growth of the bacterium instead of enhancing it . 

Table I depicts the general patterns of growth of the cowpea Rhizobium K04SRPR, 
R. phaseoli 203CR, and R. meliloti 87TR in the 0.5% mannitol-mineral salts medium amen-
ded with each of the seven vitamins. It is noteworthy that calcium pantothenate stimulated the 
growth of all the strains while p-aminobenzoic acid did not enhance growth of any. Further 
studies revealed that the addition of different combinations of the growth factors t o the mine-
ral salts-mannitol broth enhanced growth of the root nodule bacteria, but none of the strains 
of rhizobia studied had a generation time less than 4.5 hours in the defined medium contain-
ing a combination of three or four of the different growth factors. The tentative conclusion is 
that calcium pantothenate is almost as effective as a combination of all the other vitamins in 
promoting growth of rhizobia. 

It is evident from Table I that the different strains of rhizobia had an average generation 
time of 4.2 hours in YEM medium and 4.6, hours in mineral salts^nannitol bro th amended with 
calcium pantothenate. Hence, the latter medium may conveniently substitute for the former, 
at least, as far as growth of the root nodule bacteria is concerned. It is not completely under-
stood why calcium pantothenate readily stimulates proliferation of rhizobia. However, the 
favourable influence of this growth factor on the growth of rhizobia may be due to the impor-
tant biochemical properties of this vitamin B 5 . For instance, pantothenic acid is directly in-
volved in the synthesis of coenzyme A, and acetyl CoA is an essential key intermediate in the 
metabolism of fat ty acids, proteins and carbohydrates via the tricarboxylic acid cycle (Lehninger, 
1970). Hence, this vitamin would directly enhance metabolic activities and growth of the bac-
teria. The reasons for the lack of stimulation of rhizobial growth by p-aminobenzoic acid are 
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not clear, but the vitamin is known to be incompatible with ferric salts and oxidizing agents 
(Stecher, 1968), hence it might have been inactivated by these compounds in the mineral 
salts medium. However, this finding agrees with that of Graham (1963) who reported that none 
of the several strains of Rhizobium he studied showed growth response to p-aminobenzoic 
acid. 

In general, the growth of rhizobia in defined media is useful for the study of the metabo-
lism and the physiology of the root nodule bacteria. For instance, Phillips and Torrey (1970) 
employed a mineral salts-mannitol medium amended with several vitamins to study the produc-
tion of cytokinin by a strain of R. japonicum, and Odeyemi and Alexander (1977) used a similar 
synthetic broth to study the metabolism of some fungicides by rhizobia. Nutritional require-
ments have also been used in Adansonian classification of bacteria (Sneath and Cowan, 1958). 
Hence, this modified, defined medium which is simple in composition would facilitate the 
study of the root nodule bacteria by rhizobium geneticists, biochemists and ecologists. 
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TABLE I 

Generation time of rhizobia in YEM and in mineral salts-mannitol broth amended with different vitamins. 

Vitamin added Generation time, hr 

Cowpea 
Rhizobium R. phaseoli R. meliloti 

Calcium pantothenate 4,5 4.6 4.7 

Thiamine mononitrate 5.0 4.9 5.1 

Biotin 5.3 5.2 5.4 

Riboflavin 5.4 5.5 5.8 

Inositol (meso) 5.4 5.8 4.6 

Pyridoxine phosphate 6.0 6.1 5.0 

p-Aminobenzoic acid 6.6 6.4 6.6 

Mineral salts-mannitol alone 6.6 6.7 6.6 

YEM 4.1 4.2 4.2 
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ABSTRACT 

Inoculation of 2 x 106 cells of the yeasts Candida tropicalis and Pichia membranaefa-
ciens into fruits of the large red pepper, induced soft watery rot within 4 days of incubation 
at room temperature, 28 ± 2°C. Germination of the seeds on wet sterile filter papers was 
reduced to less than 10% in one week. Abnormal germination was observed after the 4th day 
and dead seeds were prominent after the 6th day of infection. When seeds f rom 7 day old in-
fected fruits were disinfected with 0.5% solution of sodium hypochlorite and planted on pep-
per agar, over 96% exhibited yeast growth, indicating that the seed infection was borne inter-
nally. 

INTRODUCTION 

Considerable evidence has been accumulated over the years to show that invasion of wheat 
squash^ peas, corn and barly by storage fungi result in decrease germination of the seeds 
(2,3,4,6,7,10). It has also been shown that many factors including temperature, moisture con-
tent length of storage period and both the plant and fungal species affect the germinability of 
infected seeds (1,6,8,9,10,11). Studies by these workers (3 8) have also involved determination 
of the infection sites of the fungi. The site of invasion differed markedly among different seeds. 
It may be on the embryos or the perisperm-endosperm layer enveloping the embryos. Thus it 
could be surface or internal infection. 

Two yeasts, Candida tropicalis and Pichia membranaefaciens isolated from spoiled Nigerian 
large red pepper (Capsicum annuum L) locally called 'tatase' were found to be agents of post harvest 
soft rot of the peppers. It was noted that although yeast colonies were isolated from stored 
grains, the effect of yeasts on seed germination has not been mentioned. 

This study was therefore undertaken to determine the effect of the two yeast isolate on 
the germination of pepper seeds and the site of infection. 

MATERIALS AND METHODS 
Media. The medium used for the cultivation and viable count of yeasts was pepper agar. One 
hundred grams of fresh large red peppers, without the seeds, were homogenized with 500 ml 
of distilled water in a Waring blender. The slurry was filtered through a Whatman No. 1 filter 
paper using a suction pump and about 480 ml of the filtrate was obtained. Three per cent Oxoid 
agar No. 1 was added to the filtrate before autoclaving at 1.1 kg/cm2 2 for 15 minutes. The pH 
value of the medium was 6.6 
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Inoculation of pepper fruits. Forty-eight hours plate cultures were used for inoculation. Stock 
suspensions of the cells in distilled water were prepared to give an optical density of 0.3 at 
590 nm for C. tropicalis and at 570 nm for p. membranaefaciens. Aliquots of 0.05 ml of each 
suspension were inoculated into small sterile scalpel wounds made on ripe fruits. Control pep-
pers received the same amount of sterile distilled water. The peppers were incubated in sterile 
large glass jars at room temperature, 28 ± 2°C. Viable cell count was determined by the plate 
count method. 

Test for germination of seeds. One hundred seeds were randomly selected out of seeds harvested 
from the yeast infected and control fruits and planted on moist sterile filter papers in petri 
dishes. Each dish contained 25 seeds and was incubated at room temperature for 7 days. The 
filter papers were moistened daily with sterile uistilled water using dropper pipets. On the 7th 
day, the number of germinating seeds was counted, the length of the radicle, hypocotyl and 
foliage leaves of the seedlings were measured. 

To test for the effect of duration of infection on germination, seeds were harvested and 
planted on the second, four th , sixth and seventh day after infection. 
Test for infection site on the seeds. Seeds were harvested from 7 day old infected fruits and 
examined by the methods used in (8). Half of the seeds were surface sterilzed with 100 ml of 
0.5% sodium hypochlorite solution for 10 min. rinsed five times for 5 min. in sterile distilled 
water and blotted dry. One hundred seeds were tested for each organism. Twenty five seeds 
were placed on a pepper agar plate. The plates were incubated at room temperature for 48h 
and examined for the characteristic yeast growth. Control seeds from non4nfected fruits were 
similarly treated. Non-disinfected seeds were also planted on agar to determine the presence of 
the organisms. 

RESULTS AND DISCUSSION 
Effect of duration of infection on germination of seeds. When fruits of Capsicum annuum 
L. were inoculated with 2 x 106 cells of each yeast pathogen, soft rot was observed at the point 
of inoculation on the 4th day of incubation at room temperature, 28 ± 2°C. By the 6th day, 
the fruits were extensively rotted with the epicarp still intact while the pericarp was disintegra-
ted. 

The mean percentage germination of seeds planted decreased with increase in days of infec-
tion (Table 1), as observed by (4, 9) but contrary to (8) in which germination of tomato seeds 
was not affected by Aspergillus species. The highest variation in mean percentage germination 
was observed on the 4th day. This could be due to the fact that the soft watery rot was still 
confined to the area of inoculation and the number of seeds infected depended on the rate of 
spread of the infection. With the fruits extensively rotted by the 6th day, most of the seeds 
were infected and by the 7th day gerimination was reduced to less than 10%. The difference 
in the germinability of the seeds infected by the two yeast isolates is not significant for ran-
domly selected samples. 

The mean length of radicles, hypocotyls and foliage leaves of the germinating seeds are 
shown in Table 2. Seeds from 2 days infected fruits showed normal germination as control 
seeds with non-necrotic radicles, green hypocotyls and foliage leaves emerging. Abnormal 
germination of seeds was observed amongst the seedlings after the 4th day of infection. Seeds 
were considered to germinate abnormally if the hypocotyl or epicotyl did not emerge or if 
the emerging portions were necrotic as is reported in (7). Dead seeds were prominent after 6 
days of infection and these were seeds from which neither the hypocotyl nor the epicotyl 
emerged. 
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Infection site on the seeds. Examination of 7 days old infected fruits revealed that a nlean of 
96% and 100% of the disinfected seeds exhibited the characteristic yeast growth for C. tropi-
calis and P. membranaefaciens respectively on pepper agar. This difference is also not signifi-
cant. One hundred per cent of the non-disinfected seeds showed yeast growth for each orga-
nism whereas 0% of disinfected control seeds showed microbial growth. 

The observation on the control seeds showed that the process of disinfection, rinsing and 
blotting dry did not introduce extraneous micro-organisms onto the seeds. The 0.5% solution 
of sodium hypochlorite employed should have surface sterilized the seeds (8). The infection 
of the seeds by both yeasts was therefore boine internally and not on the surface. The infec-
tion could be localized on the inner layers of the seed coat (7) or on the endosperm or the em-
bryo itself (8). Further studies would be required to determine the cause of abnormal seed ger-
mination and seed death. The organisms could be producing toxins destructive to the embryo 
or they could be utilizing the food reserves in the endosperm faster than the embryo (7). Since 
C. tropicalis pauses candidiasis in man (5), it would be interesting to find out if the mechanism 
of its infection is the same in plants and animals. 

Finally, it is concluded that seeds from fruits of Capsicum annuum L. infected by the two 
yeasts C. tropicalis and P. membranaefaciens should not be used for planting. 

Table 1. 

Variation in mean percentage germination of pepper seeds with duration of infection 

Duration of 
infection 

(days) 

Mean % germination of seeds of 

C. tropicalis P. membranaefaciens 
0 96 ± 0.5 96.± 0.5 

2 94 ± 1.0 95 ±1.0 

4 78+3.0 60± 3.0 

6 16 + 1.0 10 ±1.0 

7 8 + 0 5 4 ± 0.5 
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Table 2. 

Variation in mean length of radicles, hypocotyls and foliage leaves of germinating seeas with 
duration of infection. 

Days of Yeast No. of No. of 
infection Inoculated seeds seeds 

planted germinated 

Mean 
length of 
radicles 

(cm) 

Mean 
length of 
hypocotyls 

(cm) 

Mean 
length of 
foliage 
leaves (cm) 

None 100 96 4.32 1.58 0.65 

A 100 94 4.25 1.55 0.62 

B 100 95 4.20 1.50 0.62 

None 100 96 4.42 1.57 0.65 
A 100 78 3.00 1.35 0.46 

B 100 60 2.80 1.22 0.42 

None 100 95 4.40 1.56 0 61 

A 100 16 1.40 0.58 0.1 

B 100 10 1.10 0.13 0.1 

None 100 97 4.36 1.54 0.58 

A 100 8 010 0.00 0.00 

B 100 4 0.10 0.00 0.00 

Table 2 A Candida tropicalis 

Pichia membranaefaciens 
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ABSTRACT 
A cold labile trypsin-stimulated adenosine triphosphatase, ATPase (EC. 3.6.1.3) activity 

has been found associated with the partially purified eytoplasmic soluble fraction of Agrobac-
erium tumefaciens strain C-58. Chromatographic, electrophoretic and catalytic studies are also 
reported. 

Trypsin activated the enzyme 31% at the pH optimum of between 8.0 and 9.0. The opti-
mum temperature of activity for the enzyme was between 28°C and 50°C, whereas the enzyme 
was better maintained for several days at 4 °C than either at 28°C or 37°C. 

INTRODUCTION 

Adenosine triphosphatase(s) are widely distributed in both procaryotic and eucaryotic 
cells. In both types of cells, the enzyme can be found either bound to the cytoplasmic mem-
brane or free in the soluble fraction of the cell. The ubiquitous nature of membrane-bound 
ATPase in several gram positive and gram negative bacteria suggests that the enzyme must serve 
a function in these organisms. There is good experimental evidence that ATPase acts as a cou-
pling enzyme in the oxidative phosphorylation of ADP to ATP (Butlin, J.D. G.B. Cox, and F. 
Gibson 1971). Tsuchiya and Rosen (1976) have also shown that an ATPase dificient mutant of 
K coli strain NR 70 was unable to synthesize ATP under an artificially imposed membrane 
potential. 

While there is a lot of information in the literature on membrane-bound ATPase, there is 
scarcity of information on the characterization of the cytoplasmic soluble ATPases. ATPase 
from Thiobacillus ferrooxidans (Adapoe, C. and M. Silver, 1975) i soneof the very few reported 
cytomplasmic soluble ATPases from bacterial sources. 

The present is on the cytoplasmic soluble ATPase of Agrobacterium tumefaciens, a p h y t o -
pathogen. 
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MATERIALS AND METHODS 

Chemicals 
Nucleotides were products of p-L Biochemicals, Inc. Milkwaukee, Wisconsin, or of Sigma 

chemical company, Saint Louis, Missouri. Dicyclo-hexyl-carbodiimide (DCCD) was purchased 
from Eastman Kodak Company, Rochester, New York. All other chemicals used were either 
ragerit or A.C.S. grade. 

Bacteria 
Virulent Agrobacterium tumefaciens strain C-58 was obtained from Dr. Mary-Dell Chilton 

of the University of Washington in Seatle, Washington. The virulence of C-58 was confirmed 
throughout the period of this investigation by inoculation of stem tissue of life plant, Kalan-
choe daigremontiana and Tobacco, Nicotiana tabacum. Tumor tissues developed at sites of 
needle puncture after 14 days of incubation at 28°C. 

Growth Conditions 
The bacteria were cultivated at -26°C on a shaking incubator in a liquid dextrose 0.5% basal 

medium enriched with 1% yeast extract, 0.5% sodium chloride and 1% Peptone as previously 
described by Hamilton and Fall (1971). The bacteria were grown in a 2-liter Erlenmeyer falsk 
containing 1.0 litres of the medium described above. 

Exponential phase cells were harvested by centrifuging at 17,000 x g. 

Extraction of Enzyme 
Twenty g of cells were cracked by a mortar and pestle, using alumina as abrasive in 20ml of 

IMTRIS 2mM Mg + + at pH 7.5 and the mixture subjected to centrifugation at 30,000 x g for 1 
hour. A buffer of this high ionic strength will prevent the release of the membrane bound 
ATPase, which is tightly bound to the membrane and could only be released by low ionic stren-
gth buffers. The supernatant fluid from the above centrifugation was the source of <he cyto-
plasmic soluble ATPase. 

Enzymatic Assay 
ATPase activity was assayed by colorimetric measurement of inorganic phosphate (Pi) 

released from ATP, by the method of Fiske and Subbarow (1925)as modified by Dulley (1975). 
The reaction mixture (Iml) contained 0.1ml of 2.5 x 10"2M nucleotide, 0.3ml (70 - 100 ug 
protein) enzyme source and O.frnl of 0.1M Tris-ECI (pH 7.5'). 

When the effects of cations and known inhibitors were tested, 0.1ml of the agent was pre-
incubated with the reaction mixture. Final volume of the reaction mixture was always adjusted 
to 1 ml with the buffer. The mixture of enzyme and buffer was pre-incubated for 10 min at 
37° before the addition of substrate, and the incubation was continued for 30 min at 37°C 
iq, a water bath shaking incubator. 

A control mixture contained all the components of the test medium exoept the enzyme 
source so as to correct for the endogenous breakdown of the substrate. 

Protein concentration was determined by the method of Lowry et al. (1951), or by U.V. 
absorption. 

Enzyme Purification 
All operations were carried out at 2-5°C as follows: The cytoplasmic soluble fraction 

(obtained as described above) was applied on a DEAE-Sephadex A-50 column and fractions 
were collected by elution with a stepwise gradient using Tris buffers in the following order: 
0.1M Tris-HCl + 5mM Mg*4" P H 7.5 , 0.0M Tris-ECI + 5mM Mg + + PH 7.5 and 0.3M Tris-HCl 
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+ 5mM Mg44" pH 7.5 respectively. Active fractions wrer not eluted until after the application of 
buffer of 0.3M Tris-HCl + 5mM M g ^ pH 7,5. Pooled active fractions were used in the study of 
thfc enzyme without further treatment. Forelectrophoretic studies, the extract was concentrated 
10-fold with dry sephadex G-25 without any loss of activity. Ammonium sulphate concentra-
tion, on the other hand, inhibited the activity of the enzyme. As a result of the noted inhibi-
tory action of ammonium sulphate, the salt was not used to concentrate the extract before 
application onto the DEAE — Sephadex column. 

A unit of enzyme is the amount of enzyme that releases 1 u mole of inorganic phosphate 
in 30 min. 

Sodium Dodecyl sulfate (SDS) Gel Analysis 
SDS gel analysis was performed by the method of Laemmli and King (1971). 

Effect of Physico-Chemical Conditions on enzyme activity: 

Effect of various compounds 
Enzyme activity was assayed under standard conditions exoept that the following sub-

stances at the indicated concentrations were added. 2,4 Dinitrophenol ( l x lO" 3 M), Sodium 
azide ( lx lO" 3 M), Dicyclo-hexylcarbodiimide ( lx lO" 2 M), Ethylene diaminetetra-acetic acid 
( lx lO" 3 M), Potassium fluoride ( lx lO" 3 M), and Trypsin (500 microgram): The activity of the 
standard reaction mixture was taken as 100%. 

Stability of enzyme at selected temperatures 
Samples of cytoplasmic ATPase preparation obtained by DEAE — Sephadex chromatogra-

phy were stored at 4°C, 28°C and 37°C respectively. At intervals aliquots were withdrawn and 
the activity was assayed under the standard conditions. 

Effect of cations on enzyme activity 
Enzyme activity was assayed under standard conditions except that the reaction mixture 

was made 10 micromole with respect to the added cations. The cations tested were Mg"1"1", 
Mn + + , Ca++, Zn4"1" and Ni"1"1"-

Effect o fmercur ic chloride (Hgcl2) on enzyme activity 
Enzyme activity was assayed under standard conditions except that to the reaction mixture 

was added 1 x 10" 2 MHgcl2. 

Effect of pH on enzymatic activity 
Activity was measured under standard conditions except that 50mM buffers (Acetate — 

NaOH for pH below 6, Tris-HCl, pH 6.0 - - 8 . 0 , and glycine - NaoH pH 9.0 -12 .5 ) were used! 
Percentage activity was computed using highest activity as 100%. 

Effect of incubation temperature on enzyme activity 
Ezyme activity was assayed under standard conditions except that four different tempera-

tures (4°C, 28°C, 37°C, and50°C) of incubation were checked. 

RESULTS 

Enzyme Fractionation 
The chromatographic profile of the cytoplasmic soluble ATPase on DEAE-Sephadex A-50 

showed two major peaks of activity (Fig. 1), which were eluted with 0.3M Tris buffer as indica-
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ted. Peak I was used for work reported here. 
The enzyme was about sevenfold purified by DEAE-Sephadex A-50 fractionation (Table I). 

The pooled active fractions from DEAE-Sephadex step lost all activity when subjected to cellex-D 
fractionation. 

Effect of physico-chemical conditions on the activity of the enzyme. 
Known inhibitors of members ATPase including potassium fluoride, Dinitrophenol, Dicyc-

lohexyl-carbodiimide (DCCD), sodium azide and ethylene diamine tetracetic acid 
(EDTA) had no effect on the activity of the enzyme (Table 2). However, trypsin activated the 
enzyme 31% above the control level. 

With respect to the stability of the enzyme at different storage temperatures, less suscep-
tibility to inactivation at 4 « c t h a n a t o t h e r temperatures was observed (Fig. 2). The reason for 
the instability of the cytoplasmic soluble ATPase at 28°C and 37°C is not known at present 
but could b$ due to a natural inhibitor of soluble ATPase and/or contaminating proteases 
that are active at these temperatures. 

The enzyme was slightly stimulated by all the divalent cations tested (Table 3). 
Mercuric chloride (HgCI2) at a concentration of 1 x 10 / 2M inhibited the cytoplasmic solu-

ble ATPase by 34%. 
The pH optimum of activity for the cytoplasmic soluble ATPase was found to be between 

8.0 and 9.0 (Fig. 3). When different incubation temperatures were checked, the opt imum tem-
perature of activity was found between 28 and 50°C (Fig. 4). When aliquots of the sephadex 
G-25 concentrated enzyme were subjected to SDS-polyacrylamide gel electrophoresis, poly-
peptide chains of molecular weights of 30,000, 60,000 and 200,000. Daltons were found by 
comparison with standard marker proteins (Fig. 5). 

Table 1: 

Summary <jf Purification of Cytoplasmic Soluble ATPase form c-58 Strain of 
Agrobacterium tumefacines 

Steps 
Total 

Protein, mg 

Total Activity 
Micromoles Pi 
(releasedI30 min) 

Specific Activity 
Micromoles Pi 
(released/30 min/mg 
Protein) 

Crude -
extract 196 149.9 0.765 

DEAE -
Sephadex- A-50 40 233 5.84 



SHONUKAN - A TRYPSIN-STIMULATED ADENOSINE TRIPHOSPHATASE 199 

TABLE 2: 

Effect of Various Compounds on Cytoplasmic Soluble ATPase Activity 
Values represent average of triplicate assays. 

Micromoles PO4 Relative 
Compound Added Released Activity, % 

None 0.875 100 

1X10 3M 2,4 DNP 0.850 96 

1X10-3 NaNj 0.850 96 

1X10"^ DCCD 0.875 100 

1X10"3 EDTA 0.850 96.9 

1X10"3MKF 0.825 94 

500 ug Trypsin 1.15 131 

* 2,4 DNP - 2,4 Dinitrophenol 

NaNj - Sodium azide 

DCCD - Dicyclo4iexyl-caibodiimide 

EDTA - Ethylene diamine tetra-acetic acid 

KF — Potassium Fluoride 

TABLE 3: 
Effect of Divalent Cations on Cytoplasmic Soluble ATPase Activity. 

Values represent average of triplicate assays. 

Relative 

Cation Micromoles Activity 

PO4 % 

None 1.35 100 

lOmMMg** 1.40 103 

lOmMMn*"1" 1.40 103 

lOmMCa4"1' 1.50 111 

lOmMZn** 1.50 111 

lOmM Ni4"4 1.45 107 
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Fig. 1. Chromatographic profile of the cytoplasmic soluble ATPase on DEAE-Sephadex A-50 column 
(46 x 3cm). ATPase activity was assayed under standard conditions as described in "methods" 
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Fig. 3. Effect of pH- on enzymatic activity. Activity was measured under standard conditions except that 
50mM buffers (Acetate-NaOH for pH below 6, Tris-HCl, pH 6.0 - 8.0, and glycine-NaOH PH 
9.0 - 12.5) were used. Percentage activity was computed using highest activity as 100% 
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200,000 Daltons 

60.000 Daltons 

30.000 Daltons 

Fig. 5. Molecular weights of the polypeptide chains estimated by comparison with standard marker 

proteins. 
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DISCUSSION 

The results reported in this study show that Agrobacterium tumefaciens produce a cyto-
plasmic soluble ATPase that has characteristics that appear different from those of reported 
membrane ATPases. DEED, a known inhibitor of membrane ATPase had no effect on the cyto-
plasmic soluble ATPase of the present work, whereas Kobayashi and Anraku (1972) reported a 
26% inhibition of E. coli membrane ATPase activity. Trypsin stimulated the present enzyme 
about 30% above control value but Azocar and Munoz (1977) have previously reported on a 
trypsin stimulated membrane ATPase in Escherichia coli. 
trypsin stimulated membrane ATPase in Escherichia coli. Trypsin may be releasing the enzyme 
from the natural inhibitor, the epsilon sub unit, which is known to have a regulatory role (Stern-
weiss and Smith 1977). The 34% inhibition of the enzymatic activity by mercuric chloride sug-
gests that the enzyme might have other active centers in addition to that of the sulphydryl. 

It is noteworthy that the ATPase (3.6.1.3) of E. coli contains five subunits (& — E) by 
SDS electrophoresis, ranging in molecular weights from 60,000 to about 10,000 (Sternweiss, 
1978). Moreoever, the and B subunits are very close in electrophoretic mobility and the . 
subunit is about 30,000 Therefore, bands corresponding to molecular weights of 60,000 and 
30,000 might be some of the subunits of the enzyme in the present work. These units concur 
with published information (Sternweiss 1978). Bands of higher molecular weights are probably 
aggregates or possible impurities. 

It cannot be over-emphasized that the highly labile nature of the enzyme affected its puri-
fication and characterization. Future work will concern itself with some of the unsolved pro-
blems such as the intrinsic and extrinsic factors that affect the stability and lability of the 
enzyme. 
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ABSTRACT 

The ability of some soil bacteria to degrade the herbicides, chloroxuron (N^-4-(4-chloro-
phenoxy) phenyl)-N 1 N 1 -dimethyl-urea) and metobromuron, (Nl-bromo-phenyl)-N-metlioxy-
N-methylurea) in laboratory experiments was investigated. The Rf and maximum absorption 
range values of the original herbicides and the end products after incubation with soil micro-
organisms indicated that new products were formed. The micro-organisms were gram positive 
bacilli (rod-shape). On agar, two different colonies were identified. It is concluded that chloro-
xuron and metobromuron are unlikely to persist in soils. 

INTRODUCTION 
During the past three decades, a large number of herbicides have been introduced as pre-

or post- emergent weed killers in many countries of the world. In Nigeria, herbicides have 
been effectively used to control weeds in coffee and maize (Adenikunju and Folarin, 1976; 
Choudhary, 1976). As farmers continue to realise the usefulness of herbicides, larger quantities 
would be applied to soils. But, the fate of these compounds in the soil is becoming increasingly 
important since they could either be leached down in which case under-ground water is conta-
minated or if immobile, they would persist on the top soil. These herbicides could then accu-
mulate to toxic levels in the soil and become harmful to micro-organisms, plants, wildlife 
and man. Microbiological degradation of non-volatile, immobile herbicides appear to be a major 
factor in controlling their rate of disappearance from soil (Audus, 1960). Earlier studies by 
Amakiri, (1974) on the phenylurea herbicides, chloroxuron and metobromuron, showed t h $ 
they were immobile and moderately mobile respectively when applied to soils. The aim of this 
study is to investigate the role of soil micro-organisms in the degradation of the herbicides, 

MATERIALS and METHODS 

Herbicides 

Pure re-crystallised compounds of chloroxuron and metobromuron supplied by CIBA^ 
were used in this study. 
Isolation of micro-organisms 

One ml soil suspension (lOg Teak plot soil in University of Ibadan/100 ml distilled water) 
was transfered into 250 ml of a liquid culture medium (LCM) in a conical flask. The LCM was 
made from 10 ml of MNa 2 HP0 4 4 ml of M K H 2 P 0 4 and 10 ml of M (NH 4 ) 2 S 0 4 ; 1 ml 0.01% 
FeS0 4 + Ca(No3), and 0.02% herbicide per L. The flask was plugged with non-absorbent cot-
ton wool and placed on a mechanical shaker at room temperature. The microbial cells were 

CIBA Agrochemicals, Basle, Switzerland. 
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harvested and re-introduced into the LCM to eliminate all the organic matter decomposing 
microbes. The micro-organisms were again harvested and multiplied in a fermenter containing 
mineral salt medium (replaced 0.02% herbicide in LCM with 10% glucose). After 3 days, the 
actively growing cells were harvested by centrifuging at 0°C, washed twice in 0.02 M phosphate 
buffer (pH 7.0) and resuspended in the buffer solution. One ml cell suspension was also used in 
inoculating mannitol-soil-extract agar (Amakiri, 1974) inorder to observe the colonial morpho-
logy of the microbes. The-microbes were gram stained. 

Degradation of herbicides 
An amount of metobromuron was dissolved in the liquid culture in the fermenter to give 

0.02% herbicide (Amakiri, 1974). An acetone solution of chloroxuron (solubility in water 3 
ppm at 2 0 ° c ) was also poured into another fermenter. After evaporating the solvent, the liquid 
culture was added to give 0.02% chloroxuron. Then one' ml cell suspension was aseptically 
transfered into the fermenter. A third fermenter containing only the liquid culture was used as 
control. 

Thin Layer Chromatography (TLC) and Ultra Violet (UV) absorption Spectrams 
At 24 hours intervals, samples of microbial suspensions (50-100ml) were centrifuged to 

separate the organisms f rom the culture solution. The filtrate was acidified (1ml conc. HC1/ 
500ml) and extracted twice with half its volume of diethylether. The combined either extracts 
were evaporated to 0 .5 ml and applied to 6060 silica gel with fluorescent indicator (Eastman 
Chromatogram sheets). The sheets were developed in a benzene - acetone (4: 1, v/v) solvent 
system to a height of 16 cm. After location of the purple spots by means of a UV lamp at 254 
nm, the region of interest was scapped and eluted with either and the resulting solution was 
filtered and evaporated to dryness. UV absorption spectra was obtained by dissolving the eva-
porated extract in carbon tetrachloride solution. The peak absorption of the metabolites was 
determined with a Perkin Elmer model 137 UV spectrophotometer. The control samples were 
also treated as for the metabolites. 

Table 1 shows the morphological description of the bacterial colonies which degraded the 
herbicides. Two different colonies were identified. The first colony was oblong, with a diame-
ter of 0.1 mm, effuse, smooth, entire, transparent and gummy to the touch. The second colony 
was circular with a diameter of 0.2 mm, smooth, entire, white and translucent. The bacteria 
were gram positive rod-shaped organisms (bacilli). One group stained darker at both poles while 
the other stained uniformly. 

RESULTS 

Table 1 

Morphological description of bacterial colonies which degraded herbicides. 

Bacterial 
colony 

Colonial 
morphology 

Gram Stain 
reaction 

Form 

1 Oblong in shape, diameter, 
0.1mm,effuse, smooth, 
entire, white, translucent and 
gummy to touch. 

+ve bacilli 

2 Circular,0.2 mm diameter, 
smooth surface, entire edge 
white and translucent 

+ve bacilli 
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Table 2 

Rf and UV absorption spectra value of metabolites from degradation of chloroxuron and metobromuron. 

Type of herbicide Rf values in benzene: Maximum 

and inocula used acetone (4 : 1) absorption range (mm) 

Chloroxuron 0.58 4 6 0 - 465 

Chloroxuron + bacteria 0.60 292 - 296 

metabromuron 0.71 5 0 2 - 507 

metobromuron + bacteria 0.78 270 - 280 

TLC of extracts from the fermenter after 24 and 48 hours of incubation did not reveal any 
new spots on the chromatogram sheets. After 72 hours, Rf values and maximum absorption 
spectra (Table 2) indicated the formation of new products. Chloroxuron and metobromuron 
had Rf values of 0.58 and 0.71. respectively while Rf for the metabolites were 0.60 and 0.78. 

DISCUSSION 
The results of this study showed that some soil bacteria degraded the phenylurea herbici-

des. The initial degradation occured after 72 hours of incubation. This probably showed an ini-
tial lag phase during which the bacteria are adapted enzymatically to cope with the foreign 
substrates to which they were exposed or the TLC was not sensitive enough to record the small 
quantities of metabolites. However, the UV absorption spectra confirmed the formation of 
metabolites. These metabolites were not identified and since the original substrate was not 
quantified, complete disappearance of the original compound cannot be inferred. Moreover, 
Geissbuhler et al. (1963) have observed a loss of chloroxuron by microbiological degradation 
in sandy loam which amounted to 35% during a period of no more than 8 weeks. The higher 
temperature and humid conditions found here would, however, hasten the degradation of the 
herbicide. Kearney et al, (1967) in their review reported that high organic matter levels, warm 
temperatures and proper moisture for microbial activity favour the rapid decomposition of 
phenylureas from soil. 

Various pathways of degradation of phenylureas have been proposed by several workers. 
For the dimethyl herbicide (chloroxuron), Geissbuhler et al., (1963) proposed a stepwise deme-
thylation and deamination — decarboxylation. They demonstrated the formation of aniline 
derivative and of carbon dioxide from the urea moiety. In this experiment, the formation of a 
lighter compound (Rf0.60) during the degradation of chloroxuron seem to confirm the removal 
of certain moiety, probably the methyl group, from the substrate ( R f 0 . 5 8 ) . Similarly,Tweedj 
et al., (1970) suggested a stepwise demethylation and demethoxylation to the P - brotjnophen-
ylurea and hence to aniline for the methoxymethyl phenylurea (metabromuron). The aniline 
derivatives could form azo compounds which have been found to be carcinogenic. However, 
Tweedy et al., (1970) observed that azobenzene was not formed. Thus, from this experiment, 
chloroxuron and metobromuron are degraded by bacterial suspensions in agreement with the 
findings of Rosss and Tweedy, (1973) and Geissbuhler, et al., (1963). 

It is therefore concluded that the health of the public would not be impaired by the use of 
chloroxuron and metobromuron at a rate up to 200 ppm. At this level, they are degraded by 
soil micro-organisms. 
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ANNOUNCEMENTS 

INSTRUCTIONS TO AUTHORS AND NOTES ON EDITORIAL POLICIES 

Please note that I have revised the "NOTICE TO CONTRIBUTORS' which appeared on 
pages v - vii of vol. 2 No 1 of Nigerian Journal of Microbiology along the lines suggested by-several 
members of the Editorial Board. One major important change is that henceforth, citations in 
the text should not be made by the use of numbers and "Literature cited' should be in alpha-
betical order and should not be numbered. I expect three copies of each manuscript and asso-
ciated figures, tables etc. to be submitted for consideration of publication. One copy must be a 
clean ribbon copy on good quality paper. I will not accept xerox copies or photocopies of 
figures, graphs etc. for review purposes. Reviewers evaluate figures as well as manuscripts. 
Glossy prints of illustrative materials for review should be on 20.6 x 25 cm paper or mounted 
20.6 x 25 cm sheets. Authors must keep some copies of their manuscripts in case of less. 
The instructions published in this issue, supercede the ones in the past issues. 

Some modifications have been made in the style for preparing manuscripts. Reviewers and 
Authcrrs should please take note that T am expecting all reviews to be Completed within two 
weeks of receipt of the manuscript by a reviewer. Hopefully this will speed up the process of 
publication. 

Continued improvement of the journal is a chore which requires the cooperation and input 
of all members of the Society as well as authors,reviewers, Editorial Board members and the 
printer. Suggestions for the journal 's improvement will, therefore, always be appreciated. 
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To those authors who may have experienced any delay in the processing of their manuscripts 
during the transition period we extend our due apologies. All things being equal, it is the firm 
resolve of the Editorial Board to speed up the publication of subsequent issues. 
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Editor. 


