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Mr. Vice-Chancellor, Sir, the Registrar, Colleagues, Great Ife Students, 
Ladies and Gentlemen.1 am elated to stand before you this afternoon to 
deliver my inaugural lecture on the topic that has occupied my attention 
for many years. There are many beas of Microbiology, but my special 
interests are Microbial Physiology & Biochemistry and Immunology 
@&tion & Immunity). 

Enzymes are complex proteins that cause a specific chemical 
change in other substances without being changed themselves. An enzyme 
is also a protein that is synthesized in a living cell and catalyzes or speeds 
up a thermodynamically possible reaction so that the rate ofthe reaction is 
compatible with the biochemical process essential for the maintenance of 
a cell. The enzyme in no way modifies the equilibrium constant or the 
AG ofa reaction. 

As the title of the lecture states, enzymes are found in all living 
things and perform specific functions in them and they are applied in many 
disciplines including Medicine, Biochemistry, Micmbiology and in Industrial 
processes. 

History of Enzymes 

The discovery of enzymes was gradual and occurred during the 
period that spans the later half of the nineteenth century, (Dixon, 1 970). 
Credit for discovery should go to Payen and Persoz who in 1 833 published 
a report describing an extract of malt which hydrolysed starch to glucose 

LI 
(Dixon, 1970). The true significance ofthis discovery was appreciated in 
1 897 when E. Buchner reported an experiment that marked a turning 
point. An extract of living yeast cells was made by grinding the yeast with 
an abrasive to break the cell walls. In order to preserve the resulting clear 
liquid for hrther study, sugar was added with the surprising result that 
fermentation occurred, just as if the living yeast cells had been present. It 
kccame clear that one did not need intact "living7'cell to cany out a typical 
metabolic process, but that some catalyst or catalysts present in yeast 



were capable of bringing about the overall process leading lrom sugar to 
alcohol. The work of many investigators including that of brewers cvas 
needed before the nature of enzymes was revealed. 11is early association 
between enzymes and alcohol made enzymology attractive to many 
biocllenlists. Each enzyme in the cell catalyses a particular chemical reaction 
or group of closely related reactions. This specificity, together with the 
truly enormous increase in reaction rates brought about by enzynles, is 
what distinguishes them from inorganic catalysts and gives them their 
importance in the cell. Enzymes are also different fi-om inorganic catalyst 
in respect of their fragility. However, in one respect, they are similar. The 
rate of catalysed reaction is always directly proportional to the 
concentration of catalyst present. Twice, the amount of catalyst in a given 
volume gives twice the reaction rate. 

The inquisitive student should wonder why enzymes are studied. 
The l-eason for studying enzymes is not far fetched as enzymes are involved 
in many life's processes. An understanding of biology demands familiarity 
with enzymes. However, there are more important reasons for studying 
enzymes. For example, in the case of disease caused by pathogenic 
microorganisms, it has been possible to develop compounds which 
specifically hit the microbe while missing the man (concept of selective 
toxicity necessitated by difference in molecular architecture of the 
prokaryotic microbial cell and that of Eucaryotic mammalian cell). In 

, 

many cases, this happens because the drug in question inactivates a 
microbial enzyme, but for one reason or another hardly affects the 
equivalent enzyme in the human body. 

Another reason for studying enzyme is the significant part it plays A 

in the study of cancer. In this case some of the body cells appear to lose 
part of their essential control mechanisms and proliferate uncontrollably. 
One can typifjl cancer as a failure ofmetabolic regulation in a small number 
of cells, perhaps only one to start with, what initially causes this imbalance 
is not yet known, but it is probable that any one of many things may initiate 
cancer. Mutation induced by radiation, carcinogenic chemicals or a failure 
of the DNA repair systems may be responsible; or a virus may start the 
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process by tuning off some control mechanism essential for the balance 
of body cells. Studies ofthe enzymes of cancerous tissues have s h o w  
that many of them appear to be affected, some are missing and others are 
altered or the control process normally regulating their activity are affected. 
Whatever the causes of cancer and however it is ultimately understood 
and brought under control, the study of enzymes will have a contributioil 
to make. 

Enzyme Assays 

When an experimental work involving the study of any enzynle is 
to start, one needs to be able to measure its amount or concentration. 
b'hether one is interested in .the enzyme as a biologist or a medical 
biochemist or for whatever other reason, the first requirement is for an 
enzyme assay. The best way to detect the enzyme is to allow it to catalyse 
its specific chemical reaction under fixed experimental conditions, where 
the reaction rate will be proportional to the enzyme concentration. 111 fact 
the amount of enzyme is defined in terms of reaction rate under s~lch fixed 
conditions. The international Unit (i) of enzyme is that amount which will 
catalyse the conversion of 1 i mol of its substmte in 1 minute under defined 
conditions of temperature and pH that vary from one enzyme to another. 
Enzyme concentrations are expressed in ~~nitslmilliliter Plml) or unitdlitre 
(~11). 

The first experimental requirement for making an enzyme assay is 
a method of following the reaction preferably continuously, so that the 
initial rate of reaction in the presence of a fixed concentration of substrate 
can be measured. The initial rate is measured so as to avoid the 
complications due to the presence of product, and because the enzyme 
may become inactivated during the course of the assay procedure. In this 
way, the measured rate will be directly proportional to enzyme 
concentration in the assay solution. It is usual, however, to employ a 
substrate concentration at least five times greater than the Krn of the enzyme, 
so that the enzyme will be working on the Michaelis plateau that is in the 
region ofthe hlichaelis curve. (Fig. 1) where the rate hardly chxges with 



Fig. 1. Michaelis plot of initial rate Vo as a Function of substrate 
concentration [Ale for an enzyme obeying the rate equation 

Where Vm = 5 and Km = 0.5 where Vo is half Vm: 
i.e. = Vm[A1_ 

2 Km+ PIo 
4" Krn + [A] = 2 [A] 

4" Km = 2[A] 

variations in substrate cc;:centration. This minimizes the possibility of err.; - 
due to slight variations of the substrate concentration from one assay to 
another. 

The other experimental conditions that must be fixed are the 
temperature because, like all chemical reactions, enzyme rates vary with 
temperature. pH of the assay solution because enzymes are susceptible 
to changes in pH, and the concentrations of all solutes such as buffer ions. 
The latter restriction applies because enzymes are susceptible to changes 
in ionic strength and may interact specifically with solute molecules in a 
way which alters their catalytic activity. 

Regulation - cellular 

The total metabolic activity of a growing microbe reflects the 
simultaneous operation of a large number of interconnected pathways, 
both energy-yielding and biosynthetic. Each pathway comprises some 
reactions catalyzed by specific enzymes. The product of these reactions 
is a new cell. The cell is able to make qualitative adjustment in its metabolic 
machinery in response to changing environmental factors. Microbes have 
evolved avariety of regulatory mechanisms to take care of these changes. 

The fact that microbial metabolism is highly regulated can be 
inferred from several observations. One of them is the changes in 
macromolecular composition of bacteria that occur in response to 
the kinds of nutrients available to the cells. The first study of this aspect of 
regulation was made about 40 years ago by Maaloe and his associate 
(Maaloe, and Kjeldgaard, with enteric bacteria, 1965) principally 

A Salmonella vphimurium. Enteric bacteria can synthesize all cellular 
components fiom a single carbon source and inorganic salts, and they can 
utilize a number of organic compounds as carbon sources. Certain carbon 
sources such as acetate are metabolized slowly and support growth at a 
low rate; others, such as glucose, are metabolized more rapid!?! and support 
more rapid growth. If precursors of macromolecules (e.g. amino acids) 
are added to the medium, growth is even more rapid. By changing the 
composition ofthe medium while maintaining temperatutc ,*anstant, one 



can obtain growth of S. rypl?imt~riiz~m with doubling times that vary 
between 20 minutes and several hours (at 37OC) Moreover, the size and 
composition of the cells vary systematically with growth rate (Table 1 
below) cells growing at high rates are richer in RNA, poorer in DNA, and 
larger than cells growing at lower rates. 

Table 1 : Size and composition of S~~ln~onelln typhin2urittnz growing 
exponentially at various rates. 

a. Calculated as a percentage of the dry weight of the cell 

:Min) 

25 

50 

b. RNA contained in ribosomes 

Doubling 
rime 

*DataAdapted from Microbial World (Stanier, et al., 1976) 

Content of Average 
Wt. of a 
cell tug) 

0.77 

0.32 

These changes in cellular composition are dependent on growth 
rate alone, provided that temperature is not changed. The variation of the 
macromolecular composition ofcells with growth rate can be interpreted 
a s  follows: a cell growing at a high rate must synthesize protein much 
more rapidly than does a slowly growing cell. This higher rate ofprotein 
synthesis requires that the cell contain more ribosomes, since the rate of 
protein synthesis per ribosome is constant. 

70s 
ribosomes 

The ability ofa bacterium to regulate its content of ribosomes is of 
great importance for the maintenance of hi& gowth rates under changing 
envimnn~ental conditions. An insufficient complement ofribosomes would 
clearly restrict growth rate; an excess of ribosomes would also do so 
because the cell would be engaged in non-productive synthesis ofribosomal 
protein and RNA. 

The biosynthesis and degadation of small molecules by bacteria 
are similarly subject to close regulation as shown by the following 
observations on enteric bacteria. 

(Numberlcel 

69,800 

16.300 

DNA 
(%la 
3.0 

3.5 

(a) When, growing in synthetic media containing a single organic 
compound as source of energy, bacteria synthesize all the 
monomeric precursors (e-g., amino acid) of macromolecules at 
rates which are precisely coordinated with the rates of 
macromolecule synthesis. 

(b) The endogenous synthesis of any one of these monomeric 
precursors is immediately arrested when the same compound is 
added to the medium, provided that the exogeno~lsly furnished 
monomer can enter the cell. 

Total 
RNA (%)' 

31 

22 

(c) Formation of the enzymes that mediate biosynthesis of the 
monomers in question is also arrested. 

HRNAb(%)' 

25 

14 

(d) Bacteria frequently synthesize enzymes responsible for the 
dissimilation of certain organic substrates only if the compounds 
in question are present in the medium. 

A 
(e) When presented with two organic substrates, a bacterium first 

synthesizes the enzymes required to dissimilate the compound 
which supports the more rapid growth, only afler this compound 
has been completely utilized are the enzymes required to dissimilate 
the second compound synthesized - Protein sparing action of 
microbes. 



Two different regulatory mechanisms operate in the cell -The 
regulation of enzyme synthesis, and the regulation of enzyme activity. Both 
of them are mediated by compounds of low molecular weight, which are 
either formed in the cell as intermediary metabolites or enter it fiom the 
environment. Both regulatory mechanisms involve the operation of a 
special class of enzymes, called allosteric proteins. The fundamental 
importance of allosteric proteins as the key components of regulatory 
systems was first perceived by J. Monod in 1963. . 

Allosteric proteins are proteins whose properties change if certain 
specific small molecules, effectors are bound to them. Hence, allosteric 
proteins are mediators of metabolic change which is directed by changes 
in concentration of the small effector molecules. There are two classes of 
allosteric proteins: allosteric enzymes whose activities are either enhanced 
or inhibited when combined with their effectors, and regulatory allosteric 
proteins, devoid of catalytic activity, which regulate the synthesis of specific 
enzymes. Regulatory allosteric proteins attach to the bacterial chromosome 
near the specific structural genes whose repression they control. This 
attachment can be modified by the binding of small effector molecules to 
the regulatory proteins, thereby changing the rate at which specific 
messenger RNAs are synthesized. 

The best studied allosteric proteins are the allosteric enzymes, 
exemplified by aspartic transcarbarnylase (ATCase). ATCase catalyses 
the f3st reaction in the pathway of biosynthesis of pyrimidines. Its activity 
is inhibited by an end product of the pathway, cytidine triphosphate (CTP). 

Thus, elevated intracellular concentrations of CTP inhibit the activity A 

of ATCase and consequently the formation of more CTP until its 
concentration decreases to an optimal level. ATP, a second effector of 
ATCase, activates the enzyme and therefore, serves to coordinate the 
synthesis of p d e  and pyrimidine nucleotides. 

Role of Enzyme in the Physiology of Microorganisms 

Practically, most of, if not all the activities of living organisms are 
mediated by enzymes. Needless to say that the activities ofmicroorganisms 
are no exemptions. Enzymes are implicated in the following processes: 

- Enzymes are involved in bacterial cell wall biosynthesis. 

- Enzymes are implicated in the cell membrane transport process 
and in energy metabolism 

- Nucleic acid metabolism require the participation of enzymes. 

- Attack on non-penetrating nutrients 

- Cytoplasmic activities. 

A. Enzymes Involved in Cell Wall 

The assembly of cell wall structures as outer shells external to the 
plasmamembrane involves a number ofenzymes in the membrane so that 
the biosynthetic intermediates can be translocated across the membrane 
to an externally located acceptor site. 

Peptidoglycan Biosynthesis 

Particulate enzymes are involved in all of the steps in wall 
peptidoglycan synthesis subsequent to the formation of N-acetyl murarnyl 
pentapeptide-C,, isoprenol pyrophosphate from UDP-muranyl 
pentapeptide and ply-isoprenod phosphate with concomitant release of 
UMP. 

Newhaus (1 97 1) has proposed the name "translocase" for the 
enzyme transferring the precursor molecule from uridylic acid to the 
undecaphenyl phosphate carrier in the membrane. Another membrane 
enzyme which catalyses dephosphosylation of the Cjj-isoprenyl- 
pyrophosphate is essential for re-initiation of another cycle of peptidoglycan 
synthesis. This phosphatase has been purified fiom the membrane particles 
of Microccus Zysodeikticu following solubilization with Triton X-100. 

9 



Moreover. one of the terminal reactions i l l  wall-pcptido~iycan 
synthesis involves a transpeptidase res~sonsible for ihi. cr.oss-Iiuk~r~g of 
adjacent peptides. 

B. Membrane Associated enzymes in Eacteria 

(1) Membrane i-\T Pase(s) 

ATPase 
m ____+ ADP + Pi 

Functions - Oxidative phospltorylation 

- ATP synthesis 

- ATP dcgradativ~ for n~e~llbrant' fil~lclions 

- Tr-t~lsport ofc3tj011.c and an i~ to  acids 

ATPase occupies an imp~-tai~l: po~i  tion in the chenuos~naotic tlleo~y 
of Mitchell. Most bacteria liave an ATPase tvhich is localizetl in the 
membrane ofthe cell and has a paramount role in the interco!iversion of 
chemical and osmotic for1ns of enersy. The membranc A ~ ~ a s e  in 
prokaryotes is now believed to specifically translocatc protons like thc 
ATPase in mitocho~~dria and chloroplasts. The proton-~sanslocatiil~ 
ATPase is a central feature ofthe cltemiosmotic hypothesis \,vhic!; was 
formulated by the Fngl is11 biochemist, Peter Mitchell in i 96 I . , 

Brief Summary of thc Chemiosmotic Theory as Applicd to A 

Procaryotcs 

The export of protons by the bacterial cell generates what is referred 
to as a proton motive force (Pmf) across the cell membrane, which is 
relatively impermeable to protons. The Pmf is the con~posite of the 
transmembrane pH gradient ( A ~ H )  and electrical potential (A@). Some 
bacteria which lack a respirntory chain and a photosynthetic system, for 

example S/r.p..faeculis use the membrane ATPase to export protons as 
the only available means of producing a (Pmf). The Pmf is the form of 
energy which bacteriause to drive transport of nutrients as well as for the 
reduction ofNADP+ by NADH and motility. 

Bacteria which have a respiratory chain or a photosynthetic system 
for example E. coli or Hnlobacterit~m halobiti~~~ use these clectron 
transport systems as an alternative to the ATPase to eject protons from 
the cell. In addition, Pmfproduced during the transfer of electrons may 
be used in the synthesis ofATP h m  ADP and inorganic phosphate. The 
synthesis ofATP in response to the P n ~ f  generated by substrate oxidation 
or photosynthesis occurs via the reversal of the proton translocation by 
the ATPase. The processes in prokaryotes which produce and .cww 
a P n ~ f  are summarized below: * .. $:; .:> h\ dfl 

! z <*+7 

Photos! nrlietic 
I<c.spir~tnr). 

c113iii \ 
I'IZCITON klOrIVE FORCE 

(Plnf: ApH. Ayr) 

hlotilir!. 

Fig. 2 



Polymerases: Three DNA polymerase< (I$, and III) have been isolated 
From E. coli; enzymes with similar properties exist in other microorganisms 
and in animal cells. In vitro these enzymes catalyse the reaction: 

Enzyme Polymerase . 
) DNA template 

-. Polynucleotide 
+ 

N(PP) pyrophosphates 

The main role ofDNA polymerase I is repair synthesis. 

T. Kornberg showed that DNA polymerase 111 probably carries out 
replicative synthesis. 

' . 
uases ~ ~ l ~ n u c l e o t i d e  Li, 

These enzymes which join polyn~~cleotide chains are present in all cells. 
E coli l igse  restores a phosphodiester bond break in single-stranded 
DNA, between d 7 0 H  and 5'P end (such as produced by pancreatic 
Dnase). The restoration is perfect, as shown by renun of biological fimction 
it1 balsfonning DNA. 

A 

(1 ) NAD + Enzyme Enzyme-AMP + NMN 
(Nicotinarnide mono nucleotide) 

* 

(2) Enzyme -AMP + Nicked DNA ---+ Enzyme + Nicked 
DNA - AMP 

(3) Nicked DNA - A M ? d A M P  + Joined DNA 

12 

D. Attack on Non-Penetrating Nutrients 

Microbes can take up foods of low inolecular weight, including 
oligo-peptides, nucleosides, and small organic phosphates, e.g. glycerol 
phosphate. Nucleotides generally cannot penetrate at a substantial rate. 
But the organic matter initially returned to the soil in dead plants and animals 
is predominantly macromolecular. Preliminary extracellular hydrolysis is 
therefore necessary, just as in higher animals. For this purpose various 
bacteria and fungi elaborate a variety of exoenzymes. Many of these are 
secreted into the medium (especially by gram positive rods) as extracellular 
enzymes. 

In pathogens these often play an important role by attacking tissue 
constituents. Extracellular enzymes include: Proteases and peptidases, 
polysaccharides (amylase, cellulase, pectinase); mucopolysaccharidases 
(hyaluronidase, lysozyrne etc). 

E. Enzymes in the Cytoplasm 

Practically all living organisms operate the known major pathways 
- Unity of Biochemistry. The glycolytic pathwayEmbdem Myer of 
pathway, citric acid pathway/Krebs citric acid pathway and these pathways 
make use of enzymes to metabolise glucose to pyruvate and to other 
pathways because pyruvate is at the hub of metabolism. Kinases, 
dehydrogenases, isomerases and aldolase are some of the enzymes 
encountered in this pathway. 

Fermentation 

Fermentation is defined as the anaerobic breakdown of carbohydrates 
resulting in the formation of stable fermentation products. Examples of 
useful fermentation products include ethyl alcohol, lactic acid, acetic acid, 
glycerol, butylene glycol, acetone, butanol, butyric acid. It is pertinent 
here to state that allfermentations are entymrrtic. Moreeyer, many of 
our local food(s) here in Nigeria are products of fermentation. The list 





DNA, whereas it failed to cut up the DNA of Haemophilus cells from 
which it was extracted. 

Hind I1 binds as follows 

(5 I )  GT Py 

Hind II cut specific sequences some restriction enzymes recognize 
specific group of 4 buses, whereas many others recognize groups of six. 
Restriction enzymes are now isolated from about 230 bacterial strains 
e.g. Barn HI from Bacillus amyloZiquefaciens, ECORl from E. coli, 
PST 1 from Providencia stuartii et. a!. . 

My Contribution 

Studies on Enzymes 

Adenosine triphosphatase(s) ATPase(s) of Agrobacterium tumtlfaciens 
were studied (Shonukan, 1982, and Shonukan, 1982). The following 
background information explains the reason for this study. 

A virulent strain of Agrobacteirum tumefaciens, a gram negative 
rod, is responsible for the induction of crown gall, a non-self limiting 
neoplastic disease of many dicotyledonous plants. Early in the twentieth 
century smith and Townsend (1907) identified the causative agent ofthe 
crown gall tumor disease as A. tumefaciens. It is the only bacterium 
known to independently cause turnours in a eucaryote. The Agrobacteria 
are of practical importance because of their pathogenicity, and also because 
they offer a model system for the study of cancer. Moreover, in this 
organism one sees the uniqueness of a procaryote causing a transformation 
in eucaryotes, apart from offering an excellent example of a hostiparasite 
relationship. 

The substance responsible for induction of crown gall hunor was 
diligently searched for without success. The tumor-inducing principle (TIP), 
as it was referred to by investigators of the field, was not characterized 
until a breakthrough in 1974, when Zaenen et a1 and Van Larebeke et ul. 
(Zaenen et al., 1974; Van Larebeke et ul., 1974) demonstrated that a 
large closed circular DNA plasmid (T1 -plasmid) present in A. tumefaciens 
strains, is essential for the crown-gall tunor-inducing ability of such strains. 
Tl  (tumor-inducing) plasmid of A. tumefuciens is 1.1 x 1 O8 Daltons in size. 

a 

This is about 5% of the A. tumefnciens genome. Com$aratively, 
Escherichia coZi plasmids average about 3x 1 O6 Daltons. 

Crown gall is incited, by inoculation of a w o ~ u ~ d  site with 
Agrobucterium tumeficiens. In an excellent review, Lippincott and 
Lippincott (1975), pointed out that a wound is essential because the 
pathogen lacks the ability to invade. In addition, it contributes the following 
essential components for tumor induction; 

(1) A site at which the bacterium must attach. 

(2) A medium that' supports the metabolic activities of the 
bacterium and 

(3) Changes in cells surrounding the wound (conditioning) leading 
to a susceptible stage (competence). 

Although the mechanism by which living bacteria transform plant 
cells in the healing wound is unknown, it is, however, clear that the viable 
bacterial cell is essential in the initiation of crown gall and that wounding of 
the host plant is necessary for the initiation of the tumorigenic process. 

1 

From the wounded plant tissue, some juice is released, which stimulates 
the intercellular growth of bacteria. It is, therefore, suggested that the 
plant cells, sharing a cormnon external milieu with bacteria, pick up certain 
substance(s) released into the environment by bacteria. It is further 
suggested that the released substance transforms or mediates the 
transformation of plant cells which proliferate into a tumor. Obviously, 
transport is a very important consideration in this problem. However, the 
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The EMS chemical mutagenesis approach of (Kotchoni and 
Shonukan, 2002) has been recently used to successfhlly generate catabolite 
repression resistant mutants (CRRmut) in Pseztdomonasfluorescens 
(Bakare et al., 2005a). They showed that cellulase activity in selected I! 
fZuomscens mutants namely CRRmult4 and CRRmut24 is higher in presence 
of 1 % (wlv) glucose than in wild type I! .fluorescens (Bakare et crl., 
2005a), indicating, therefore the reproducibility ofthe methml L~i~ ia l ly  
proposed (Shonukan and Nwafor, 1989), and its subsequent rn{ , < I I  lication 

I f F  
(Kotchoni and Shonukan, 2002). The regulation of carbon metabolism in 
bacteria is generally nlc5( 1 iated bj a I-egulatory protein termed catabolite 

'? control protein (Ccp) via a well-know11 mechanism (Boisset et al., 2000., 
Miwa et al., 2000; Lope;/-Contreras el nl., 2004). The Ccp binds to a 
specific cis-acting element I\nown as CRE (catabolite responsive element), 
repressing or activating gene expression (Lopez-Conteras et nl., 2004). 

Studies on Fermentation 

Microbiological and biochemical changes in the traditional 
fermentation of soybean for 'soy-daddawa' was investigated. Although 
the information on the microbiological, biochemical and nutritional changes 
during the fermentation ofAfrican locust bean for 'daddawa' are well 
documented (Eka, 1980, Odunfa, 198 1,1985, Abiose et al., 1988) but 
there is practically no information on the biochemical changes that occur 
during the fermentation of soybean for 'soy-daddawa' production. As a 
result of the above mentioned scarcity/lack of information, the study on 
microbiological and biochemical changes in the fermentation of 'soybean' 
for "soy-dadawa" was embarked upon (Omafuvbe, 1998). The major 
group of micsoorganisms involved in this fermentation of 'soybean' for 

Fig. 3 : Cellulase synthesis in cultural media by improve cellulase producer '! soydaddawa were found to be Buci1lu.s species especially B. subtilis, R. 

strains of B. pumilus (class I11 mutants: Mu. 1 1. class IV mutants: Mu 6 )  \I licheniformis and B. pumilus. Amylase activity increased rapidly with 

and the wild strain (a) Using high concentration of glucose as carbon source fermentation attaining apeak at 48h with a large decrease in total soluble 

[2.6%(w/v)]. (b) Using glycerol as carbon source [2.6%(w/v)]. Mu. - sugar level (Omafbvbe et al., 2002). It was surmised that the utilization of 

mutant of B. pumilus. Cel. Act. - cellulase activity. tlle soluble sugars by the increase population of fermenting organisms was 
probably responsible for the steady dro? in the total sugar level. 
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1 he rapid rise in the total free amino acids in the mriy stages of 

fe~ll~entation coincided cvlth the increased protease actiitit.;,i which peaked 
at the 36'" hour of fe~lllentation. The high level of free amino acids is a 
reflectioh of the high protein content of soybean as protease activity has 
been reported to be abundant in the fennentation of similar protein rich 
foods (Abiose et dl.. 1988). It was believed that the identification of the 
roles of the different isolates of the bacillus species in monoculture 
fennentation of soybean for 'dadawa' would assist in the production of 
stalqer culture to ilnprove the traditional method ofproduction, Bacillus 
species (B. subtilis, B. lichenifor-nzis and B. purniltn) previously isolated 
fi-om sarnples of soy-dadawa prepared traditionally were tested singly 
and in combinations (as starters) for their ability to ferment soybeans for 
acce!7table soy-dadawa. Out of the thsee Bacillus species, only Bacillus 
.v?!htiiis as single or nlember of a mixed starter produced soy-dadawa 
i~.I!ich was not different fiorn the naturally fermented soy-dadawa in their 
sensory attributcs. (Ornaf~~vbe et crl., 2002). 

The rol e(s) of Macropi-:ago,s. Antibody aid T-lymphocytes in the protection 
of mice against IS'17i,qell~ d'ysenterine were investigated. 

?!-otection against bacterie! infcc';ioas depellds on many factors. 
i'i?:;.~ocytes seem to be the 1:;ost i;:iportant because of their rapid 
a.ccu~~ulation into the affected area, trappillg and ingesting the invadiilg 
i:! s:~!-!isnls. The degree of contribution ofphagocytez in thc pratectior? 

.I . , ,u,,.~. b~c-::.:ria. iisteri'cr ;!.!,:lii~t various infections differ f ~ r  ----.-: -..? 

i:i(;;:Gcytogenes, Psc.r.rdon?o~?~s c~e~-trgii~osn were shocvn to be eliminated 
iiy inacrophages and polymorphonuclear cells (PMN) respectively 
(X'iitsuyama et a/., 1978) and Tatsukawa et al., 1979). SaIrnoce!!a 
typhimurium is mainly elimini!red by n~acrophages and antibody. l?ji:'c 
cal~ied out an experiment to determine the contribution of lxacrophiigev 

r .  

t o  protection of n i ce  against S. dy.~c~rer-iue type 1 infcctic?n c:. ;:;ice. 

r!.ir, v;. ;;.I; : , /s  .:!.I:.:.' 1:' 1:!.1t 1211 ilcpleting the to?:iI populatioll of 
;-,: ;;;:-,,21- .,; , e - : ~  . 1'- ,., . ,- ,-... f 7 p , -  . I , .  -: f.7 , . I . . . ,.. Gal-rageman selecti~.~el~ damages cells , ,_ 

. . ofif;.;: i-;:acrar;!i:l::: ;~.i.!.it:'; ,lit i ~ ~ i t  1)?,11~' (Catallzaro el ~ j . .  1971). - 

Female albino mice (24-302) n7ere used for the study. The 
bacteria, shigella dyser~teriae tyne ! was maintained on Nuti.ient azar - 
(Rifco) and cells v.le!-e :-!;!l-ves~ed in phosphate buffered salinc solutioil 
(PBS) pH 7.2. T!lc ;. :::ble count of the challe~lge dose was assessed by 
piating appropriatcljr ~li Iu.!ed bacterial suspei~sio~l 012 nutricnt xFar plates. 
The LD,, cf this st!.ain vvas nppl-~~i~?;atcly 1 O7 vi;ibic bazl;eri.r! by tl:c 
Intraperitoneal l.outc. ;-2sct ofnice 1va1-e inoculated with 10' viable shiligeliae 
:,l-!s:.?ended ill PES int~i-pe~itc:!~cally. At intervals, the livers and spleens 

dissected oil! an(> the ()!.?ail>: were homogenized individ~rally in PBS. 
The homogenaies wcre diluted ibr colony .counts as described by 
Tatsukawa el UI .  (1 979). The number of viable bacteria in the ~vhole 
c!-gan was expressed as log,, (bacterial count). The carrageenan dose 
was calcr.llcl:ed usirlg 2001~19 per kilogram body weight and was 
~c1i1;inis!r~--j k ., 'a: -!,I '1; . . . - - . - !  .;I ::l:r:ll::.nge wit11 the bacteria. (Ollifade 
.. ( ../ , ; .!\C.I? 1 ,.,. IC.!..!..,. , ,, . $ ,  r - - ,  i 

, -! ' -- . r  y,!'ci!~~azeenan tt-catrnent on bacterial coun! . . . . .., i-!-,l-A-,-, , , . , , ~ , , . ! , r .  ., . ?  . -  " .  . . 4 d 4 ,  , . -. , .;:i: , X I - .  . .. 
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Fig. 4: Bacterial counts in the liwr of carrageenan treated mice (0) and I 

control mice (0) after challenge with 1 05 S. dysenteraie. Each point and I 
bar indicates the mean result for 3 mice 5 S.E.M. 

The relative contributions of Thymus derived Lymphocytes and 
antibodies to protection against mouse shigellosis was also examined. 
Bacterial growth of shigella dysenteriae type 1 infection of mice was 
enhanced by the immunosuppression of T-lymphocytes of normal mice 
with anti-thymocytic serum (ATS) (Fig 5&6). Immunization with 
antishigella antibody raised in actively immunized Rabbits had no pmtective 
role on passive transfer to normal mice (Onifade & Shonukan, 1996). 

Bacterial Lipopolysrccharides and Effects in Protection of Mice 
against Bacterial Diarrhoea. 

Shigellosis remains highly endemic in many areas ofthe world. The control 
of this disease has proved difficult because shigellae have been reported 
to bc increasingly antibiotic resistant. (Farrar & Edison, 197 1 ). Since 
Lipopolysaccharide (LPS) a major surface antigen present on the surface 
of gram negative bacteria has been reported to be a B-lymphocyte mitogen 
(Anderson et al, ., 1973), it became of interest to investigate whether an 
increase in resistance to shigella flemeri infection 

- The major aetiologic agent of Shigellosis inNigeria (Onifade, 1993), 
could be achieved by immunizing with LPS of homologous strain. 

Two groups of mice were actively immunized with the 
lipopolysaccharide (LPS) extracted from shigella flexneri-01 cells and live 
cells of the same organism respectively. The immune status of the 
immunized mice was determined on the P day by challenging them with 
the 50% lethal dose (LDso) ofthe organism alongside the non-immunized 
ones. It was observed that all of the immunized mice, that is, those 
immunized with LPS and those immunized with the cells were protected 
h m  the disease but the non-immunized ones recorded only 40% survival. 
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'ne anti-shigella flexneri 01 LPS titres of sera bra mice actively 
immunized with S.felexneri 01 LPS prior challenge with homologous 
infection ranged from 1 : 128 to 1 :256 giving a mean titre of 1 :2 13. After 
the challenge however, the titre increased to a mean titre of 1 :4,096 at 
day 7 and decreased considerably to 1 :384 by the 14th day. (Table 2). 
For the protection experiment, all of the mice immunized withSfolexneri 
01 LPS and challenged with pathogenic homologous strain survived the 
challenge (Table 3). In contrast, only 40% of the control mice survived 
the challenge. 

Table 2: 3 . 

Antibody titres of sera from mice immunized with S.Jlexneri 01 LPS 
prior and after challenge with homologous bacteria. 

Wn Antisera against No. of Mean 
Cells titre 

1 S flemeri 01 LPS prior challenge with 
the bacteria . ' , 10 1:213 

2 S.Jlexneri 01 LPS 7 days after the challenge 
with the bacteria 10 1 :4,096 

3. S. Jlexneri 01 LPS 14 days after the challenge 1 0 1:384 

Table 3: 

Active protection with Sflexneri 01 LPS against the challenge with 
homologous bacteria. , ,, . , 6, t 

Pre-treatment Challenge with No. of Percentage survival after 
with mice 24h, 48h, 72h 

S. Jlexneri 0 1 S. frexperi 0 1 1 0 1 00 100 100 
LPS LD50 

Non- S. Jlexneri 0 1 1 0 40 40 40 
immunized LD, 

L8 

The Influence of AgeSex on the Pattern of Immuno-depression 
following Surgery -: : . . , I .  .',- . J . , . . . . , , . ., ,. , '.. 

,-. ,\:, 2 -.*.,,p 

' ' . ' ,t  We inveiti&Sed i& hflu&&e'gf agbsex on the'ijanem & 
modulation of selectdd iridune parameters,follobjing surgery (Ajayi 
i l . ;20~5) . .  ~ a l k  petients.ddiffeht ages, $vithoutany~hown imrnurie ' 

depregsiofi but requiring minotior moderate dissection were random&' 
recruited into the $tudy falldl\;ihg i fikrme'dconsent . Two groups' were 
d&lineated . . (group I)= td a f U ,  1 4to 60 

: , . JL :  , .d .. ;.d:j:~f'~ ,~~-;::t d j  > : : J N  :!lk,::: , !;.J 

ye&. ' ( I . ) , : , : - ! >  : {> . .., 

I I I I I I .  J - L  - 
-2eZeS' ,6 1.5 25 4 7 11 12 

ArOe v* 
Fig. 7: Pre and post-operativ'eT cell count for grbup 1 
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M i  Vice-chancellor Sir, I submit that enzymes are very important 
for the existence of man on this planet. 

- Enzymes are needed for the digestion of all food eaten by 
man and all other living things. 

- E~xqmes are needed in the diagnosis ofdiseases by the medical 
doctors and laboratory scientists. 

- All fcnnentations are enzymatic and many of our local f d  in 
N~gel-ia are products of fermentation. 

- E~izqnles a~ important in the control ofenvironmental pollution I 

tlu-ough bioremediation used in sewage treatment, aquatic and 
terrestrial oil spills and for hazardous wastes. 

- Restriction endonucleases are absolutely necessary in 
Biotechnology Research. 

- In the movement of man from point A to point B, the enzynle 
ATPase is expended to release energy locked up in ATP. 

- Food production on this planet is intimately connected with 
Nitrogen fixation and the Nitrogenase enzyme activity. 

Moreover, about 8 - 10 years ago a research group composed 
of 

- Prof. A., Afolayan - Biochemistry Department 

- Prof. P.O. Olutiola - Microbiology Department 

- Prof. S .K. Layokun - Chemical Engineering Department 

- Prof. 0.0. Shonukan - Microbiology Department 

- Prof. B.O. Solomon -Chemical Engineering Department 

because of the importance of enzymes submitted a proposal to the Raw 
Materials Research Institute on the topic concerning Enzyme Technology 
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and the production of very key and important enzymes in :this country. 
The group was subjected to a fairly rigorous interview by an officer of the 
Institute, the proposal was acknowledged but we are still waiting for tile 
approval and funding of this project. 

In view of all the above concerning the importance of enzyme, I 
want to suggest the following recommendations. I 

RECOMMENDATIONS 

1.  As a result ofthe importance of enzymes highlighted in this lecture, 
the government should find research in universities, especially research 
on enzyme technology and production of enzymes needed to pursue 
Biotechnology research (Restriction endonucleases for example). 

2. The Government should endeavour to establish a National Institute 
of Enzyme Technology, fully equipped with equipment, material(s), 
dedicated and well-trained and experienced staff. 

If the Institute is established and well hnded, this will reduce the 
foreign exchange spending and possibly increase our earnings as we 
export our products. 

I thank God for the opportunity to be alive today to give this 
inaugural lecture. Moreover, my modest contribution is possible through 

the coopsittion of my students. Some of whom are listed here-under. 

- JoshuaB. Owolabi, Ph.D., MBA - Assistant Director, 
Technical Assessment Discovery 
and 
Assessment Group, 

. TAP Pharmaceutical, Lake - 

Forest, IL. U.S.A. 



- !)rot. O l ~ ~ ~ o l . ?  Oye\v:>lc Prof. Of Food Sciclice and 
Technolo~y, Federal University of 
Agriculture. Abeokuta. 

- Prof. Israel Jideani Dept. of Food Scielrce 8c 
Teclinology, University of Bauchi. 

- Dr. Tinuola Tokunbo Adebolu - Snr. Lecturer, Department of 
Microbiology, Federal University 
ofTechnology, Akure. 

- Dr. B.O.; Omafuvbe Snr. Lecturer, Department of 
Microbiolog,Obafemi Awolowo 
University, I le-l fe. 

- Dr. Bola Boboye Lecturer, Department of 
Microbiology, Federal Unive;.si~ 
of Technology, Akure. 

' 4 '  
- Isola, 0 . 0 .  - Evans Medical, Plc, / 

Pllarmadeco PIC. 

- Dr. Sirneon 0 .  Kotchoni - Postdoctoral Fellow, West 

Virginia University 
Morgantown, West Virginia. 

- Dr. M.K. Bakare Lecturer, OSUTECH, Esa-Oke. 

- Dr. A.O. Ajayi - Lecturer, Department of 

Microbioloa, Obafeu~li Atvolowo 
University, Ile-Ife. 

- Bunmi Ojo - Warri 

- Uju Eze - Graduate student, FVashingn11~ 

DC. 

- Mr. N.  Obiallo Evangelist, NsukkdPort-Harcourt. 

- Adey inks Ajayi . Medical Doctor, Netv Jersey. 
U.S.A 

Mr. Vice-Chancellor, distinguislled ladies a11d gectlcmec. I tllank you for 
your presence. 
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