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Microorganisms have a wlde taxonomic d~stnbution, and 
on the basis of their cellular architecture, can be separated 
into two groups which differ from each other in many 
fundamental ways. The two groups of -ganisms are 
called procaryotes and eucaryotes. Micri ms with the 
procaryotic cell structure are referred to as me lower protists 

and they include bacteri plasmas, rickettsiae, viruses 
and the blue-geen algae. rganisms with the eucaryotic 
cell structure are called me rtigner protists and they include 
fungi, PI 
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( house, who-were keen on seeing the little eels h vmggar: but 
S O ~ P  of them were so disgusted 2 ectacle, that they 
vowed they'd never use vinegar aga vhat if one should 
tell such pcople in future that there are more animals living 
in the scum on the teeth re 
men in a whole kingdom? ' 
Van Leeuwenhoek left no descnpnons 01 me apparams 

with which he observed protozoa and bacteria. He kept, 
for himself alone, the best micriscopes and his technique of 
using them to observe the 'anirnacules'. His prized lenses as 
well as his jealously guarded techniques enabled him to  
surpass all other miyoscopists for not less than a century. 

Although Leeuwenhoek's contemporaries marvelled at his 
scientific discoveries, the microscopic studies of micro- 
organisms which he had so brilliantly started was not 
appreciably extended for over a century after his death; In 
fact micro-biology as a science did not develop until late in 
the nineteenth century. This long delay was due to the fact 
that certain basic techniques for the study of microorganisms 
required some time to be fully devised. In the nineteenth 
century, scientists were faced with two perplexing questions 
which had to be solved if the science of microbiology was to 
develop. These questions and their solutions thereof finally 
laid the foundation of microbiological science. These 
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yer, 0th 
that suc - .  

ori* of ~r-. Rom the beginning there were twm 
schools of thought. Some workeg hdd the belief that the 
microscopic organisms discovered by ]Leeuwenhoek must 
have arisen spontane~~idy in nature. Howt er workers, 
including Leeuwenhoek himself, believet. :h creatures 
were formed from the 'seeds' or 'germs' ot these microscopic 
creatures, are always present in the air The belief in 
fie spontaneous formation of living organjams from 
n~n-living nlatter is known as the doctrine of spontaneous 
generation (or abiogenesis), and this belief has long L-en in 
existence. For example, in the ancient times, it was 
considered self-evident that many plants and animals can he 
generated spontweously under special conditions. 1 
doctrine of spontaneous generation was accepted withc 
question until the Renaissance. 

As man's knowledge of living organisms increased, it 
became quite evident that the spontaneous generation of 
plants and animals simply does not occur. It  becam 
impossible to support the idea for plants and animals. A 
decisive step in the abandonment of the doctrine as applied 

:a1 reasol 
ms are n 

to animals taok place as a result of the series of experiments 
carried out about 1665 by an Italian physician, Francesco 
Re&. He demonstrated beyond reasonable dmbt  that the 
maggots that develop in putr.fyi~rg meat are the l m a l  stages 
of flies and do not occur.if such meat is protected by placing 
it in a container closed with fine gauze, such that flies are 
unable to deposit their eggs on the rqeat. By such a: chain of 
brilliant experiments, Re& destroyed the earlier us 
belief that maggots found in putre+% me& dm tre 
spontaneously. ~onsequently, the doct$ine bf ~ ~ u ~ l r r n ~ c ; ~ ~  

pera t ion  was already being greatly weakened by exact 
studies on the development and life cycles of plants and 
animals at the &me when kwwzmhoek digcovered tl- - 
existence of micp ms* H ~ e r ,  f o ~  technic 
it is' far more dif show that microorganis] 
generated @ontanrvu~,r and so as Gme wenr on, me 
proPonenb of the doctrine came to centre their claims more 
atid more on the mysterious ~WPe~rai-~ce of these simplest 
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~f life in organic infusions. Thus it became increasingly 

b It for those who did not believe in spontaneous genera- 
l prove their case. In fact it was not until the middle of 

' 1  ~etccnth century that the cumulative negative evidence 
: ~afficiently abundant to lead to the general abandon. '1 bf the ancient but errorneous doctrine of spontaneous 

k :ion. 
Italian I mzani, was one of the 
orkers tc : that microorganisms 

do not arise spontaneously in infusions. Spallanzani 
carried out a series of experin I this problem in the 
middle of the eighteenth cer [e was able to show 
repeatedly that hentin:; is capable of preventing the 
appearance of microorganisms in infusions. Judging from the 
results of his experiments, Spallanzani concluded that micro- 
organisms can be came by air and that this is 
the explanation for the taneous generation in 
well-heated infusions. 

There is no doubt that one of the most powerful 
opponents of spontaneous generation was the French 
Chemist, Louis Pasteur (1822-1855). His work was extremely 
interesting, and proved conclusively that there were 
structures normally present in the air that very closely 
resembled the microorganisms which usually occur in putre- 
fying materials. Louis Pasteur discovered that the ordinary air 
contains a number of organized solid structures which 
resemble fungal spores, protozoan cysts and several other 
microbial cells. Since these organized bodies present in the air 
were identical to those microorganisms found in much larger 
numbers in putrefying materials, Pasteur concluded that the 
organisms found in putrefying materials orginated from the 
organized bodies present in the &r which are constantly being 
deposited on all objects. If this conclusion was correct, it 
would mean that if a food s w l e  or organic infusion was so 
treated as to destroy all the living organisms contaminating it, 
then it should not putrefv 

elimina ~r employed 1, Pastel 







the name diastaae came to be sed as a generd ,,, 
tx~~ymm. E in 1898, D U C ~  lsed the use of the 
last three 1 ~f this name (diz 1 a suffix to 
be attachea to a root indicating the narure of the substance 
on which the enzyme acts. This provided a basis for the 
systematic nomenclature of enzymes, which is s t i ~  in use. 
Xowever, a few names ending in 'in' had earlier been given to 
thr: digestive enzymes and such names have persisted till 
today. As more work on enzymes, continued, more enzymes 
were known, and it thus became necessary to indicate in the 
name not only the nature of thesubstance acted upon (isem 
substrate), but also the nature of the reaction, although the 
suffix '-aqe' has been retained, e.g. lactate dehydrogenase. 

,nzymes first discovered, many workers 
ob ?at then ;ort of similarity between enzyme 
action ana the action or yeasts ~IJ fermentation. The name 
'ferment' was therefore used to dei ~ymes. During the 
second half of the nineteenth c there was much 
controversy over the views of two great workers, Liebig and 
Pasteur. While Liebig believed that fermentation and similar 
processes were due to the action of chemical substances, 
Pasteur held ,the view that fermentation was inseparable from 
living cells. The names 'unorganized ferments' and 'organized 
ferments' were therefore used to denote what we may now 
call extrac 
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According to Webster New World DictionaO' (19'75 
ition), a tool may be defined iis 'anything that serves as 
means to get soemthing done'. For the sake of this lecture, 
e tern 'tools' refers to those biological catalysts which 
able microorganisms to c m .  , dt the basic functions of life 
cessary for their existence, or in other words 'to carry ~ u t  

metabolic activities' These biological catalysts are called 
'enzymes'. The catalytic activity of ewymes is extraordinary, 
not only in that they art far more efficient thah any other 
catalysts so far studied, but also in that many of them 
exhibit exceptional properties of specificity. Enzymesderive 
their greatest importance from the f a t  S a t  life is intimately 

und up I yme catalysts. , 
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of enzyme structure therefore inc1ur'-• 

(1) the.structure of the 
(2) the nature of the aq 

:- (9) structure of 

single axis to yield 10bg fibres or sheets- In globular proteiIm, 
on the other hand! the polypeptid ltly folded 
into compact spherical or globu the nearly 
2,000 different enzymes known to aare, nearly all are 
globular proteins. 

The levels of protein structure may be primary, secondary, 
t ~ ~ t i a r v  or quaternarv. Primary. structure refers to the 
CI tide chain and the sequence 

o )ugh the primary structuie 
~t a.unosr au ~ L I . ~ L C L ~ U ~ ~  plateins consists of linear 
pdlypeptide chai~ ny extracellular proteins contain 
malent  -S-S- crc s from having two cysteine resides 
l*ed by their thou. m the qecondary structure, the peptide 
&an  twists into the carboxyl from one turn 

forms a hydroge : amino group of the turn 
-he tertiary strucrure is achieved by the helix folding 

1 globular iration. Several globular sllbunits 
c to fo er aggregates that reprr nt the 
completed and tunctlonal enzyme with the quaternary 
structure. Most of these larger proteins contain two or more 
polypeptide chains, between which there are usually no 
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Structure ot Froth 

There are 20 aramino acids commonly iound in proteins, 
and are referred to as standard amino acids. These amino 
acids are alanine, valine, leucine, isoleucine, qroline, phenyla- 
lanine, tryptophan, methionine, glycine, serine, threonine, 
cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid,,lysine, arginine and histidine. All the amino 
acids; except proline have as common denominators, a free 
carboxyl group and a free unsubstituted amino group on the 
arcarbon atom. The amino acids differ from each other in 
the structure of their distinctive side chains, called the R 
groups. Amino acids may be classified on the basis of their R 
groups into four main classes as follows: 

,.- -- 
ovalent 1 
f its am 
C .  . 

e of the 1 
L residue 
:-&----ll. 

iino acic 
r -11 . 

~ 

ns, mar 
jssbridge 
- *  r .  -- - - - - - 

n which 
with thc 

~ - 

a helix i 
n bond 

)elow. T 
nto a 
:ombine 

con fig 
rm larg 

(1) non-polar or hydrophobic R groups; 
(2) neutral, uncharged polar R group; 
(3) positively charged R groups - 
(4) negatively ,charge& R groupsm 

and; :ovalent 

Enzyme 

linkages 

Cofacto~ I 

mber of enzymes depend for activity on their 
! : as proteins while others also require one or more 
n w ~ - ~ ~ u i e i n  components called cofactors. The cofactor may . 
be a metal ion or an organic molecule called a coenzyme. 
There are erzymes which require both types of cofactors. 
The enzyme-cofactor complex which is catalytically active is 

to as a holoe cofactor moiety is 
I, the catalytica :ein which is left 1s 

cauea an apaenzyme. 
Metal ions commonly required by enzymes include zn*, 

Ca*, Me, K+ and ~a'. Coenzymes include nicotinamide 
adenine dinucleotide (NAD), nicotinarnide adenine dhu- 
cleotide phosphate (NADP), C e 0, Coenzyme A, 
biocytin and flavin adenine dinuc (FAD). 

15 

Besides the 20 standard amino acids, several other amino 
acids of ke have been isola 1 

hydrolyzatc 0 ypes of proteim e 
derivates 01 JV111C BLLUIULLLU (UIUIIV acids. Such rill= U ~ U I O  

acids inclu .oxylysir 
In additi e 20 con s 

of proteins, over 130 other ammo acms are K n o w n  to occur 
biologically in free or cwbined form, but never in proteins 
Such amino acids include homocysteine, homoserine, citru 
lline and ornithine. 

~n its name state, each type of protei~ 
characteristic three dimensional shape re 
conformation. Depending on their conformanon, protein 
may be either fibrous or globular. The fibrous protein 
consist of polypeptide chains arranged in parallel along ; 
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When the coenzyme is very tipfitly bound to the enzyme 
molecule, i t  is usually called a prosthetic group, e.g. the 
biocytin group of acetyl CoA carboxylase, which is covalent- 
ly incorporated in the polypeptide chain. 

Active Centre and Enzyme Action 

(a) Active Ce~fre: The knowledge of th centre of 
enzymes, as distinct from that of the pro group, is 
scanty, and it is usually very difficult to w v r ;  a complete 
picture of an active centre. The active centr : defined 
as that special part of the protein strucutre :ombines 
with the substrate and is responsible f o ~  rile enzvmatic 
properties of the molecule. The acti t 
only the catalytic activity but als 
molecde. The active cehtre is usually 01 a complex srrucrure, 
adapted to a fairly close fitting of either the substrate mole- 
cule or of those parts of the. substrate molecule whic'l are 
concerned in the reacdon. The general nature of the fit and 
the tacts of specificity show that th t exist a 
of different groups in  the active cen ble of cc 
with different parts of the substrate. 
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(b) Enzyme Activity. An essential cha 
enzymic reaction is that the first step 
is the association of the enzyme and the substrate into an 
enzyme-substrate complex. The formation of this complex is 
reversible, depehding on an equilibrium constant, Ks. The 
binding between enzyme and substrate is generally non. 
covalent, involving ionic and non-polar forces in addition to 
hydrogen bonds. These binding forces also, to some extent, 
reflect the specificity of the enzyme protein. For example, 
chymotripsin possesses a non-polar region which is available 
at the active site to accommodate the aromatic side-chain of 
the substrate. 

However it is now well known that substrate spec 
due not only to the complementarity between the enzyme 
and the substrate but also to some 0th 
prompted Koshland (1959) to propose 
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theory. This theory i m p k  that the binding of mbsttate to 
the enzyme might caw formational change i, the 
emy~ilc and bring about tely-co~ltroued geometrrical 
arrangement of the catalyuc site. By the induced-fit hypothe. 
sis, i t  is assumed groups on the 
active site of tl t in their optimal 
positions for promonng CaWySU wnen the -tive site is 
unoccup;ei by the substrate, but as sot e substrate 
molecule is bound by the enzyme, the bin inity forces 
the active (dostulatprl *n be flexible) to adiust its 
conforms an 
'induced- 

There are severa! chtterent view= -VUL UIF S I ~ U I I C ~ C ~  of 
these conformation differences 1 the 'free' and the 
'combined' enzyme. One of sucl 'the strain theory9, 
is'the classical concept of Haldane and Pauline (Fersht, 1 ~ .  
Bj. this theory, it is assumed that the enzyme has aa active 
site which is complementary, not to the structure of the 
substrate itself, but to the ttansihion state of the substlate. 
On binding, the substr, started. In 
Haldane's words, 'using F ile, the key 
does not fit the lock perfectly bur exeluses a certain strain 
on it. Thus the binding the enzyme stretches the 
substrate towards produc simultaneously compresses 
the products towards the suucru* of the substrhte. 
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For a microolnanism to be alive. it must be able to carry 
out metabolic activities. In this regard, metabolism may be 
defined a the totality of chemical reactions which occur in 
living cells. By means of these reactions, energy 1 ted 
from the environment and expended for biosynthc ?th 
and such secondary activities as motility, lumine nd 
h :rgy may be obtained fi environment 1" the 

light (photosynthesis) the oxidation of 
chemical light (chemosynthesis). In both photosynthetic and 
C lthetic c 1s of which 
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All these processes a possiblc h the action 
of hundreds of differen es. Thes es allow the 
cell to carry out its reacnons at relatively low temperatures. 
In a chemical laboratory, thesc reactions cannot be 
camed out without e~nploying c ably higher tempera- 
tures. One fantastic aspect G- --- metabolism is the 
unbelievable speed with which cell comp~nents are synthe- 
sized. For example, a single Escherichia coli cell, dividing 
every hour, synthesizes 4,000 molecules of lipid, almost 1 
1,000 protein molecule ng about 300 amino 
acids), and 4 molecul sic acid (RNA) per ) 
second. 

Besid ~ l i c  and catabolic pathway 
enzyme! tolase, aconitase, phosphori- 
bulokinase ana riDulose aipnosphak carboxylase). 'shiner 
et al., 1976), I alnisms i thesize a variety of 
other enzymes, of whic: be associated with 
pathogenicity. ~ a n v  nhytopathogens produce a series of 
enzymes which fdrolysing the cell compo the 
Lost tissue Uaw l., 1974; Spalding, 1969) ken', 
among such enzymes are pectinases (Wood, 196G1, ceuwases 
(Hmter and Elkan, 1975). and protean (Ready et d., 1971) , 
which aid in breaking down the pectic, cddosic  and 
protei~ous components of the host tissue respectively. Manv 1 
bacteria pathogenic to man secret some specific enzy 
which aM in their infection processes. These inch& coll 
nase, coagulase, hyaluronase and streptokinase. 

gqnase i! ,ible for the disintegntian of colIa 
s helps t ote the spread of +ogcnic bar 

l;oaguhse ~0ntITb~teS to the formation of fibrin walls ara 
staphylocciccal lesions which protect the organisms ftom 
defences of the body and aid in their persistence. Coagu 
also causes a deposit of fibrin on the surface of indivi< 
staphylococci. which may protect them from phagocytc 
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:h may 
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ape- 
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or trom destruction  thin phagoc~tic cdb. Hyaluronidae 
is an t of hydrolyzing hv&ronlC acid, a 
donstia lmd substance nf connective tissue. 
This enzyme 1s p~oauced by many microorganismsSwhich aid 
in their spread through tissues- Many haemolytic streptoco. 
& produce the enzyme streptokinase which activates a 
proteolytie emyme of the plasma (Plasmino~en -> plasma) 
This enzyme (aha called fibrinolysin) is then able to dissolve 
co@ated plasma and probably aids in the spread of 

smp tococci through tissues. 

Syntha 
.The synthesis ot enzymes in livlng cells is under two 

different kinds of control. In the first place, their production, 
like that of protein in general, is under genetic control, and 
a given enzyme c m  only be formed if th  ,onding gene 
is present in tke cell. However, if th is absent or 
damaged (e.g. by a mutation), the e will also be 
lacking. Thus, the system of genes (geno Fixes 
its enzyme-forming y otentialities; the gc lcing 
enzjwes, and they contain the plan o f .  lism. 
Thus, the cell can not produce an 1 I' of 
different enzymes, which would lead to hose 

which fall within the range of the genot) 
ie second place, the production es is 

y influenced by the presence of n nere 

presence of a gene does not guarantee tl ding 
active enzyme will be produced in sigt amounts; the 
presence of an 'inducer' may also be I ly in 
many cases, cause a considerable incre ~t of 
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-e are two different replatory mechanisfils in the 
ial cell: the regulation of enzyme achvity. and the 

reparion of enzyme synthesis. Both are mediated by corn- 
pounds of low molecular weight, which are either formed in 
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the cell as interme&ary metaba 
environment. Both regulatory 
operation of a special class of 
proteins. Allosteric proteins are 
change if certain specific small 
'efectors', are bound to them. 

~lites or 
mechar 
protein 

enter i1 
risms u 
LS, callec 

t from the' 
lvolve the, 
1 a;llosteric 

explanation of thi8 sparing effect was that 1 ~ 0 1 % ~  wa 
inhibiting the action of the enzyme that catalyses the fimt 
reaction in the conversion of threonine to isolencine, namely 
t hen cell-free extracts of the mutant 
i rd, it was indeed found that the 
action of threomne hvdrolyase was inhibited by isoleucine. 

Experiments h shown that the activity of aspartic 
trwcarbamylase ase), which catalyses the first 
reaction in the p d ~ ~ l ~ a y  of pyrimidine hiosynthesis, is 
inhibited by cystidine triphosphate (CTP) which is an end- 
~roduct  of the pathway. It has been shown that elevated 
intrac$\ular concentrations of CTP inhibit the functioning 
of ATCase, and consequently the formation of more CTP 
until'iis concentration deceases to an optimal level. ATP, a 
second effector of ATCase, activates the enzyme and *.=- 

. - serves to co-ordinate the ine and 
nucleotides. 

protein! 
molea 

s whose 
lles, refc 

e hydro1 
n were - .  
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Regulation of enzyme act - 
The genome controls tne enzymlc cu~apoaition of a mi( 

organism in that an organism can synthesize 
enzymes for which it has appropriate genes. Hi 
microoreanism is  to  respond rapidly to  chzlt;ca m1 

c lysical properties of the environment, i 
c for i t  to possess mechanisms by which 

acmry  UL ,,,,~mes can be regulated $0 that the reactiulm 
, lyse produce jusi :ient amount of 
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lne most ex~ensively studied ot me mechanisms of reg 
tiM enz ivity is end-product inhibition. End-pro< 
inhibitia process that microorganisms use to  pro 
overproaucnon of low molecular weight intermediates r 
as amino acids, purine and pyrimidine nucleotides. I 
metabolic product, D, is s,mthesized through a sene! 
reactions in which A is converted to B, B to C, and C tc 
then by ss of feedback inhibition, the en 
can inhi tction of enzymes that catalyse o 

lore) or the earlier reactions in the sequence, 
prevent overproduction%f D. 
of the first@camplcs of end-pri 

discovered during Lark on the pathway useu u)c E ~ c h e n ~ , . . ~  
coli for synthesizing isoleucint. initially, it was shown that 
threo~ine was an intermediate on me pathway to isoleucine. 
since a mutant strain of the bacterium that was auxotrophic 
foi'threonine was found to utilize exogenous threonine to 
synthesize isoleucine. When this mutant was gown in a 
medium containing isoleucine, threoninc was less efficiently 
utilized than in a medium lacking isoleucine, sible 
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irrespecuve ot the chemical composition of the environment. 
1: d to as constiturlve enzymes. Other enzymes 
a only in response to the presence in the 
environment of an induct -e called inductive enzymes. 
1 cer is usually thc ~ t e  for the enzyme or some 
S' ly related comp~ hen an inducer is present in 

I tl not one but a number of inducible enzymes 
n by the microorganism. Although the end- 

P n provides a rapid and sensitive mechanism 
I for preventing the overproductio~ r molecular weight 

compounds by microorganisms, fundamentally an 
inefficient mechanism in that enzymes are still synthesized 
b ily prevented from functioning. 

>een shown, however, that in mar organisms, 
there exists another more efficient regulatory mechanism 
w pping th lzymes in response 
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I conformational change in the protein, ,,,it. the result 
compounds. This that the repressor substance has a peater affinity for 

repression of enzyme synthesis. 1.0mpmd with mbpro" the operator gene at the other recognition site. 
inhibition, it is a less rapid me1 'F the operator gene then prevents transcription of the 
oveproducti~n of low molecula ldjacent stluctural genes. Inducer compounds 
has the that it helps to cumen. Droteln the substrate for -'- ' ~ ~ m e )  are also thought to 

that microorganisms stop co 6th the I 
' substance. As a result of this 

enzymes which are no longer requkd by co )n, conf nd  changes are produced in 
4L= t-SSO~ substance, resulting ' the 

Proposed mechal inity of the repressor,sut :ene. 
enzyme synt hesi! lus, the operator gene  tia ate 

j-product inhibition. The tact that the ~ynthesi r~anscription of the st&chal genes, 
e s  of quite different catalytic activities tabolite Repression. A less specific type 
luently co-induced and co-repressed to the Same ex Yme 

'ression is that called catabolite represslull. 111 this 
a low molecular weight compound suggests that 'nomenoh, the syntheses of a variety of unrelated 

f -  merit controlring synthesis of the enzymes On a p 'Ymes are inhibited when cells grow in a medium that > 
, -  , li is not represented by 

the stmchlral g ltains a carbohydrate such as glucose as the main 
-, This Jacob MOnod (Ig6] I 

'rgy source. One consequence of catabo]ite repression 
, propose a in which it  is postulated that *at it can lead to the so-called growth. l-his 

,iCmorganism, there are Separate 'replator g' !nomenon was first discovered by J. Monad (stanier 
;ponsible for the production of 'repressor substan 

'l.9 1979) who observed that Escherichfa croli in a 
ch of which acts specifcdy on a system for synt containing glrlcose and lactose underwent two 

a group of enzymes. Genetic studies jnct ~ w t h  cycles. characteriszed by two 
. >--- -. * ' ,-. using inhibiton mecest .'. . - , , lonential phases of growl rted by a distinct lag 

repressor substances are proteins. It is beli ge. Glucose is udized d e first growth cycle 
--pmsor substances act directly on the g' lactose 1s dtilized durirla ulr second. The enzymes 

,eory, ~~~~b Monod suggested that the si I essaV for the ,netabolism of lactose are not 
:tion of the repressor substance is a single gene lu thesized (even though the inducer is always present) 
I the gene which controls the transcripti il the glucose in the medium h a  been exhausted. 
rnctual genes. The OF Whi :tion of 8- 
~mplex is known as oPerc galac prevented. 

Repression of enzylc J Y b a n  Subacuuc~l~ WurK mu snown ~ l a t  a11 raplay rnetaboli- 
xpl$ned by aswing that the repressor Substance is an ,e alone) h e  
llosteric protein with at least two recognition sites, One the dissi of 

of which combines with the operator gene and the 6 Y  auurLes mar are more slowly attacked, ana the 
d& co-repressor (such as the end-produc action 

h the phenomenon is known a catabolite repressio~ 
sequence). When the CO-repressor comb 
repmssor protein, it is thought to ProaUCe a 
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Some Uses o i  Microbial Enzymes Glycrrokinase is widely used in the detemir~at io~ of 
seerum tridyceride levels. Concentrations of trig~~ceddes 
outside e have importan 1 simificance 
in the ic lisorders and am 0~1s. 

Many eria produce enzymes tnat inactivate 
or degrade antibiotics, the genes coding for the is of 
these enzymes being carried mainly on iesista nids 
(Broda, 1979). Both chloramphenico1 acetyl transrerase and 

rcin acetyl transferase, which modify their respective 
ic substrates by afetylation (by using acetyl CoA as 
e of acetyl groups) have been used to determine 

chlorarnphenicol and gel vel y 
in plasma and urine. 

n began 
- - -*_L - With the discovery of the mic~ to 

utilize not only the microorganisms, but auo rnelr rneraudk 
products for his needs, esF 
of medicine. ~ 
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(a) Industrial ~ppl icat io  
The microbial engyme! e amylases, 

protern,  pgtinases and cellulase lor use of microbial I 

amylase is in s t m h  saccharifit distilling and wine 

industry (Stentebjerg-Olesen, 1' ambert &. Meers, 
1983). Proteases are employed in the industrial manufacture 
of cheese (Keay, 1971; Sizler, 1964). By far the greatest 
development in the use of microbial proteases has been the 
introduction of enzymecontaining detergents where alkaline 

I 

proteases a e  employed. Other potential markets for 
microbial protease is in toothpaste or mouth-wash. f ie  main 
use of pectinax is  in the clearing of fruit juices by hydrolys- 
ing my pectic polymers which are liable to course cloudiness; 
they are also sseful in the wine industry (Lambert & Meers, 
1983)i Cellulases are 1 ed extensively to produce 

, concentrations of glucof igh as 30% from cellulosic 

materials. Cellulases are -, ,..rployed i< the extraction of 
essential oils anc erials, te 
and vegetables a ~f fruit ju 

In 

; most u ~- . 
sed so f; 

The antibiotic-deera~rut~ p  cura an last-s are speci~~cally 
able to Jcillin and cephalosporin and are 
therefor line the concentrations of both anti- 
biotics ill L l l l u L ~  vl-~lla and urine. Wactaryses are also 

e used t 
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diagnostic reagents in clinical che111lsu~ ror the estmanox. --, 
in particular, metabolites in blood or uri lites 

as glucose, triglycerides and cholesl nely 

:d in many clinical laboratories, C ~ L I ~ L U J T ~ ~ ~  enzyme 
or kits to effecl lysis. Glucose analysis can be 

led by using different enzyme systems, 
including direct measurement employing glucose dehvdroge- 
nase o r  glucose o x i b r ,  or in coupled s~ with 
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(a) Envir onmen ta 
- -- 

J Factors Affecting Microbial Life 29.67mM respectively. In Aspergillus flavus, t rent kM 
for the absorption of galacturonic acid wa M, 
and the absorption was inhibited by p-chloromcrcun~nzoate 
(1 mM), mercuric chloride (30 mM) and 2,4-dinitrc 
(1mM) (Olutiola & ~kohkwo,  1982). 

~ 0 t h  inorganic and organic sources of nitrogen were 
utilized for growth and sbdrulation by a number of the 
microorganisnis tested (Olutiola, 1978; Olutiola & Cole, 
1977a; Olutirl- Okonkwr ln""). In most cases, the 
organic sourc kually t r microbial growth than 
the inorganic IS (Oluti Cole, 1977b; Olutiola, 
1976a). 

The env~rumrlt-ntal factors which affect the activities of 
:ouped i 
ical. 

nto twc broad c microorganisms may be g~ 
namely, chemical and phys 

A &mica1 com~ound u l a y  ", benetlclal to an organm L -  

S, i t  ma. 
nay ham 
-..L-:- 

a nutric 
:rse effec 
---& c- 

the ot41 
: organis: 
I mirt 

or in othc y act as 
hand, a cl- e an advt 
and so acts as an anuml~robial apr;~,~. ,,metmes, - 
organism may be completely indi to the presence I 

the compound, e.g. agar a d  silica 1 ? are often uscd 

so1;difi nutrient media. Howevt , oorganisms diff 
widely in their re: a particular compound, 
a chemical comp ~hich serves as a nutria 
organism may &. , -1 antimicrobial .amnt to 
organism. 

vvhich I Chemic 'ax ' 

include a YLUIZ.LI of carbohydrates ana muogrn L U I I J ~ U W L ~ S .  

The results: show that virtually all the microorganisms tested 
were able to utilize many types of carbohydrates for p t h  
and reproduction (Olutiola & Cole, 1977a; Olutiola & 
Nwaogwugwu, 1982; Olutiola & Ayres, 1979a). During 
metabolism of the carbohydrates, a number of otlier 
carbohydrates were synthesized in the microbial cell and 
these include mannose, arabitbl, mannitol, myoinositol, 
ribose trehalose, rharnnose and fructose (Olutiola & Cole, 
1977b; Olutiola & Okonkwo, 1982; Ayres & Olutiola, 1973; 
Olutiola, 1976a). The uptake mechanism in some of these 
microorganisms was also investigated. For example, the 
uptake of galactose in Ceratocystis pamdoxa obeyed the 
Michaelis - Menten principle, with an nt Krn of 
approximately 33 mM and a Vmax of 0.2! nin/mg dry 
wt (Olutiola. 19R3a). Uptake of galactose was cuinpetitively 
inhibited by glucose and sucrose respectively, and was 
affected by thiol reagents and metabolic poisons. In 
khyn~hos~oriurn seca~zs, uptake of galaeturonic acid was' 
competitively inhibited by glucose and had an apparent Km 
of 3. lmM (Ayres & Olutiola, 1973). The apparent Km values 
for the uptake of glucose and galactose were 2.76 mM and 
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The effec number factors on tf th and 
reproduction ke organisms were ex Both 
processes  we^^ aut-~ted by pH (Olutiola & Nwaogwugwu, 
1982; Olutiola & Cole, 1977b), light (Olutiola & Cole, 1977a; 
Olutiola, 1978), agitation (Olutiola, 1976a) and temperature 
(Olutiola & Cole, 1977b; Olutiola & Nwaom 

pounds 7 " .  have wc 
1 :A 

Synthesi 

1 Most of the work done in this regard was in conr 
wijh microorganisms pathogenic to crops of ecc 
importance in Nigeria. The cell walls of planis alc 

fundamentally involved in many aspects of plant biology 
I 

including morphology, growth and development of plant 
I cells, as well as the interactions between plant hosts and their 

pathogens (Albersheim et al., 1969; English et  a!., 1969). 
Cellulose, hemicellulose, pectic polysaccharide, structural I protein and lignin have been identified as the major compo- 
nents of the plant cell wall (Albersteim, 1985; Cleland, 

1 1971). The ability of phytopathogens to produce enzymes 
necessary for the degradation of these cell wall comDonents 
will be an ad1 tion (Wc :r and 
Elkan, 1975). 
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'I rniembiologist that potable water IS synonymous wtI 

1 borne water supply. Water for human consumption m 
free from disease organisms, poisonous substace ' excessve amounts of mineral organic matter (Fiar et al., 
1966). From the health point of view, the most important 

' characteristic of good water is obviously an absence of 
pathogenic organisms (Feachem et  al., 19 7 8 ) .  

The analyses of water supplies from differe of the 
I country, which I have prrformed for the p Years, 

indicate that t-hings have not-been well. Irrespec~ve of the 
source; the results have ohe thing in common, namely, they 
are microbiologically unsafe for human consumption. They ' at no time satisfy the standard conditions laic 
world' Bealth Organisation (WHO, 197 1). SL 
make it  mandatory for distribution systems c; 

I water to contain a residual chlorine concentra ~t least 
1 0.2mgll after 20 minutes contact (Feachem 197% 
1 ;I"ne water supply should not contain more tha ~liform 

bacteria per 100 ml of water sample (Hammer, 1977 ' most of the time, residual chlorine is virtually absen 
1 even when present, it is usually much lower th: 

1 ' recommended minimum level I the coliform bacteria, 
these are usually in hundreds ml of water. It appears 
to me that the various chief el I in charge of our water 
supply, who ate mostly engineers anc ute the special 
advisers to the Government on suc :rs, are either 
intentionally or perh,aps unconsciousl  re that one of 
the greatest dangers to human health is the type of water he 
consumes. This is because certain genera of bacteria, especiai- 
ly Salmonella, Shigella and Vibrio. are potentially capable of 
conta 
man. 

Conraminauon or dnnklng water ,Iu, u~lm~nel l l ,  
cause F gastroenteritis yphoid 
Contz king water or fo faeces cc 
ing Shrgelfa causes epidemics of b ~ i l l ~ ~ ~  uyscntex-y. Pr ... -. 
of Vibrio cholerae in drinking water may result in the c;ice.Lse 

techniques and then charactenzed (Olutiola, 1976b; Olutiola, 
1982a: Q?utiola, 1976c; Olutiola & Cole, 1977c; Olutiola & 
Cole, 1976; .Olutiola, l976d; Olutiola & Ayres, 1973b). The 
activities of the cellulases were affected by a number of 
factors including substrate concentration, pH, tc 1% 

cations, metabolic poisons and salts of heavy meta 
The ability of the microorganisms to synthesize pectin- 

degrading enzymes was also investigated. The results showed 
that most of the phytopathogens tested were able to 
synthesize a variety of pectinases inclucimg polygalacturonae, 
pectin methylesterase and pectin transeliminase (Olutiola 
,& Akintunde, 1979; Olutiola, 1982b; Olutiola, 198c; 
Olutiola, 1983b). The enzymes were also purified and ch*ac- 
tized. Other microbial enzymes which I studied included 
mylase (Olutiola, 1981), protease (Olutiola et  a/., lQ82b), 
invertase (Olutic e (01 lti - 

1981;: 
Besides the investlgauon on pnyropal 

was also carried out on the synthesis, 
characteristics of enzymes from human pathoger 
& Olutiola. 1986 : Olutiola & Nwaogwugwu, 1982 
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I have carned out a lot of research into tne Dacsenology 
of water and sewage. Many of the reports have been 
presented at various scientific conferences, while others have 
been published (Olutiola et al., 1982a; Olutiola & Cnlr. 
1981). With regard tp pipe-b&me water supply, the re! 
showed that most of the pipe-borne water supplies in 
country microbiologically unsafe fcr m consu 
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)table, level of ~trnent of pipe-borne w 
s in Nigeria. It n3-f?y assumed F;- the : 
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corninonly referred to as cholera; Cholera is a severe gastro- 
intestinal disease of humans and is caused by eating food ar 
drinking water contaminated by faeces cerntaining the vibrio. 
Other water-borne diseases incluc 
by viruses and the amoebic 
protozoa, Entmoeba histolytica 

In developed countries of the worl incidencl 
water-borne diseases is on the decease \ the devt 
ing countries, it is on the increase. Per this stal 
should s I the specific case of Nigeria. Analyses oi 
various me water supplies indicate that the qu 
of the water samples appear to  decline with each succee 
year, even though one would have expected an improvement. 
Reasons given at the various water treatment plants appear to  
be the same, namely, no money to purchase the -equired 
chemicals, especially alum and chlorine. One then wonders 
at the rationale behind the step being taken recently by a 
State Government in Nigeria to disconnect public water taps. 
As a matter of fact, the water executivc tarted imple- 
mentinb this decision in that State cl 'his is a very 
serious pr~blem indicating a lack of conLclll lvl the health of 
the common man, in that even when the pipe-borne water 
supply is available, it is still not too safe for human 
consumption. One then wonders at the type of water which 
the citizens in that part of our country 1 

Definitely they will be forced-to fetch 
.polluted water, well-loaded with pathogens. rnls to rnc 
great dissertrice health care delivery system am 
slogan of 'healt by the year 2000'. Therefore, i 
interest of the p UUc. nihich that Government is suppospn rn 

serve, the decision should be immediate1 :d. 
Another interesting aspect of this re1 ve decisi 

that, as if it were a step in the right direLuvrl, LCW neigh) 
ing Sta rmnents are also contemplating to elim 
public ps. Perhaps it  will be of interest for the 
know tnas sne series of analyses which I made recentl), 

nvmber of the public taps have been disconnected, 
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have shown no evidenie of improvement, and, in fact, I am 
bold to say that some of the results indicate a worsening of 
the water quality. Thus, the excuse, as adduced by the State 
Government in question, of saving costs and improving water 
quality by disconnecting public water taps has not been, and 
definitely can not be justified. 

I wish to use this forum to appeal to the Federal Govem- 
ment to make it imperahe for all State Governments to 
make safe drinking water available t a  the public. Thus, each 
state Government should not only ensure proper treatment, 
of its water supply, but must install more public water taps 
to  'serve the daily needs of the people. However, until such 
a time that the Government is able to supply safe drinking 
water, members of the public should always ensure that 
water samples, especially those meant for the infants, are 
boiled p before ( ~tion. The Federal Govern- 
ment mu fore, as of urgency, set up a water 
control . aced dilLLuy clnder the auspices of the 
President, with branches in each state capital. Such a unit 
should constantly rnmitor the activity of the treatment 
plants to ensure that the WHO Standards for drinking water 
are strictly adhered to. 

Perhaps at this stage, it ut of pla the 
Federal Military Government ror not .only introaucing, but 
also enforcing the monthly sanitation day. One problem 
which seems most intractable in Nigeria is the safe disposal of 
our domestic wastes. Around the various homes, offices, 
market places, streets and the like, piles of decaying food 
wastes, rotting vegetables and other domestic wastes in 
various stages of putrefaction. It is also a common site to 
see hundreds of animals including goats, dogs, pigs and even 
over-sized rats feeding on such wastes. Their number is only 
exceeded by the number of flies who swarm in their 
thousands aroun .one and everything. A common 
transmission rout illary dysentery, amoebic dysentery 
and diarrhoea is lrvrrl rnm's faeces by these flies to food or 
water and thence to man (Rajagopalan, 1974). The diseases 
for which the rats may be a reservoir are numerous and 
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include plague, mu1 ms, leptospirosis, histoplasmusis, 
I 

rat bite h e r  and llosis (WHO Expert Committee, 

1971). 
These decaying wastes are rich anic matter and I 

provide good nutrients for the g r o ~  multiplication of 

microorganisms. Thus, besides the unpleasant sight and the 
I 

objectionable odou~ ting from such wastes, they alsc I 

provide adequate c 1s for microbial activities. Suck 
activities result in the production of air pollutants. FOI 
example, microbiological degradation of rganic matter 
under anaerobic conditions yields high concentraticms of I 

hydrogen sulphide. Also anaerobic processes in swampy 
decaying organic wastes prc ge quantities of methane. I 
Denitrification of organic r y -nicroorganisms lead to 
production of nitrous oxidrr. UYL.I air pollllta~ts produced 
by microbial activity, in addition to thc luced b! 
chemical processes in nature, constitute sent ;er to  ou 
health. Many air pollutants are ----;-?genlc. There i 
available evidence to show that e to air poUutant 
predisposes individuals to deep 11 robial infections 
Both bacterial and viral infections iuc increased in th 
presence of pollutants. For example, bron lphysern 
is a chronic lung disease that appears ac .d by ai 
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polluants. 
Conside~ nd multiplication 

of microorgamsms which pathogenic 
ones may cause disease (e.g. somenmes wtnin a few hours o- 
days), the one day set aside in amonth for environment2 
sanitation is obviously inadequate. I therefore wish to us 

i 'I 

this forum to appeal to the Federal Military Government to 
compel all state Governments to introduce (or re-introduce) 
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the sanitary inspector unit. The sanitary inspectors will then 
be able to monitor, on a daily basis, the sanitary condition of 
our environment. Such sanitary inspectors must be men and 
women of high intefity 'who will be empowered to enforce 
sanitary taws, if and when necessary. Thus, with the provision 
of safe drinking water, and the maintenance of a clean (or 
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