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ABSTRACT ,

" ! ... '. ' " Tyo enzymes of Pentcitliua^cvclootda ttestling« farnesyl pyrophosphate

synthase I EC 2,5.1.1 3 and A-cyclopiazanic acid synthase, were purified.
The 61 of farnesyl pyrophosphate synthase was found to be 4.9 and the
molecular weight was estimated As 77 600. 6-cycloplazonic acid synthase

had a pi at 5.3 and an estimated molecular weight of 85 000. The .specific
yield|of"these enzymes per grair. of mycelium was increased thirty percent
by using aspaftate rather thaii' nitrate as the nitrogen source in the
culture medium. Growth of Penicilliam cvclt-pluiti on mycological peptone was
found to completely suppress the production of a— and A-cyclopiazanic
acid. The instability of,the enzymes, found on the preparation of
mycelium by the ice shear press method (McGrath £fc &J, 1977), was
circumvented by rupturing the mycelium through the preparation of either
an acetone-tify ice or a freeze-dried powder. When the mycelium was

ruptured by freeze drying rather than the preparation of an acetone-dried
powder, the protein obtained from the aspartate-based medium was increased
three fold and the specific activity of the crude mycelial preparation one
and a half fold. EDTA .nd manganese, when present in the buffer used in
the reconstitution of the freeze dried mycelium, were found to have
destabilizing effects on the enzymes from the reconstituted mycelium.
Glycerol on the other hand had a significant stabilizing influence on the
enzymes from the reconstituted mycelium. Contrary to previous reports

(McGrath &1, 1977) that the loss of enzyme activity on elution from an
ion exchange resin was immediate and rapid, when freeze dried mycelium was
used as the source of enzyme, both enzymes were found to be stable on
elution with a linear gradient from a cation exchange resin. Sixty nine
percent of the original enzyme activity remained five days after elution
from the ion exchange resin.
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INTRODUCTION



The existence of species of plants and microorganisms from which 

anomalous substances can be extracted has long been known to man. These 
anomalous substances, widely termed natural products, are produced by 
specific organisms in their natural habitats, Man has made use of them 
over the centuries for economic, medicinal and other purposes. Classical 
examples are rubber, caffeine and quinine. Man was however content to 
exploit these substances for his own benefit and was therefore only inter­
ested in ensuring an ample supply of the natural product and accordingly 
had not the slightest interest in what they were and now or why they were 
produced. As a result these substances have only been systematically 
studied during this century. The major thrust rf the study arose from the 
discovery in the early 19&0's that a natural product, aflatoxln, produced 
by Asoerolllus flavus. was responsible for the death of a large number of 
turkeys that had eaten mouldy grain (Lancaster, 19611.

The discovery and characterisation of new natural products or 
secondary metabolites as they more correcttv are known, hae proceeded 
rapidly over t^e last thirty years. The focus of the study however has 
been the Isolation and elucidation of the structures of secondary 

metabolites and their biosynthetic precursors and little attention has 
been given to the metabolic control a." the biosynthocsis of secondary 
metabolites - either the factors promoting or inhibiting their production, 
or the enzymes that are involved in these biosynthetic transformations. 
Encouragingly this state of affairs has begun to change over the last tan

In attempting to define the raison d’etre of secondary metabolites, 
several theories have been advanced for the intended function of the 
production of secondary metabolites. An important earlier one was that 
secondary metabolites were produced in order to confer an ecological 
advantage on the producing organism (Mann. 1979). However once the multi­



farious character of secondary metabolites had been discovered. It became 
clear that an ecological advantage was conferred on only a small 
percentage of the species that produced secondary metabolites.

A more recent theory - one based on the metabolic significance of 
secondary metabolites rather than observations of their occurrence and 
effect in nature - wa* advanced by Foster and Woodruff (1966). This
theory has since been developed and refined by Bu'Lock and Powell (1963) 
amongst others. Dealing specifically with f<jngl, Bu'Lock distinguished two 
phases in the growth of the organism. The first phase, the growth phase, 
he termed the trophophise and the second phase, where secondary 
metabolite production predominates, the idiophase. During trophophase 
growth is exponential and nutrients are in unlimited amply. Eventually 
however one or more essential nutrients becomes rate limiting and the 
growth rate is severely curtailed. A direct consequence of the reduced 
growth rate is that the utilisation of acetyl SCoA is reduced as well and 
therefore acetyl SCoA has the potential to accumulate (Bu'Lock, 1977). The 
accumulation of acetyl SCoA would lead to the unbalancing of metabolise 
and a concomitant loss of control. To avoid this the organism switches 
into idiophase and begins to produce secondary metabolites. Acetyl SCoA is 
diverted into the production of these secondary metabolites and thus the 
accumulation of acetyl SCoA is avoided and metabolic control is 
maintained. The transition from idiophase to trophophase is not a sudden 
step but occurs gradually in a stepwise manner as the enzymes required for 
the production of secondary metabolites are induced (Bu’Lock li #1 1965).

Martin (1977) clarified the issue by dividing the phases of fungal 

growth Into three rather- than two phases. These three phases are the 
balance, storage and maintenance phases During the balance phase growth 
is exponential and the nutrients are in unlimited supply. When one or more 
of the nutrients become rate limiting the organism switches into the 
storage phase. The storage phase is characterised by reduced respiration, 
the accumulation of acetyl SCoA and the accumulation of fatty acids and 
carbohydrates. An example of the accumulation of lipids was reported by 
Neethling and McGrath (1977). They showed that the lipid concentration was



maximal on the second day of growth when the fungal metabolism was 
changing from trdphophase to idiophase. The third phase of growth defined 
by Martin is the maintenance phase. In this phase the metabolic rate is 
minimal and all attention is devoted to maintaining balanced metabolism. 
One of the methods for achieving this is to divert excess metabolic 

intermediates into secondary metabolites.
Bu’Lock (1980) put the framework of this theory in perspective when he 

outlined three levels of metabolism (figure 1). These levels are firstly 
the basal level where energy and raw materials are provided, secondly the 
replication level where the energy-dependent utilisation of freely 
available substrates is harnessed to replicate the cell processes, and 
thirdly the,secondary metabolite level where molecules of apparently 
little use are generated. The first two levels are tightly regulated and 
are almost identical across the broad spectrum of living organisms.

The thirf^eve-l, that producing secondary metabolV.es, is either the 
result of overproduction of replication level (level 2 ) metabolites such 
as sucrose or citric acid (Behai 1986, Huttner 1987, Vining 1987), or the 
result of differentiation that results in the production of molecules that 
are unique in structure and are seldom found in more that three of four 
species IBu’Lock 1977, Luckner 1983). Obviously the accumulation of acetyl 
SCeft can be avoided by either the biosynthesis of the unique molecules or 
the overproductlomef .’.-eplicatlon metabolites. The overproduction of the 

latter begs the question as to whether the excess of these metabolites has 
ahy unbalancing effect on the metabolic conl-ol of the organism involved 
in overproduction and whether that organism has developed secondary 
controls to cope with this situation. The regulation of the third level 
appears on a macro scale to follow an inverse relationship with growth.
The regulator" mechanism pf the first two levels are well characterised in 
comparison to those |of the third level where the diversity and singularity 
of secondary metabolites tends to limit their study. However it does 
appear that the biosynthesis of secondary metabolites is regulated in a 
similar manner to that of primary metabolism.



FIGURE 1 i Level of metabolise. The lower two levels are controlled by 
strict and specific mechanisms that are uniformly distrib­
uted over the whole spectrum of organisms (Bu'Lock, 1980). 
The rate of production of secondary metabolites $s roughly 
inversely proportional to the rate of growth but the 
control mechanisms of secondary metabolism are little known 
or understood.

BIOSYNTHESIS OF SECONDARY METABOLITES 
SOME SUBSTRATES LIMITED - EXCESS OF 
OTHERS ARE DIVERTED FROM PRIMARY 
METABOLISM TO MAINTAIN BALANCE

LEVEL 8
REPLICATORY - PRIMARY METABOLISM 
ENERGY-DEPENDENT UTILIZATION OF 
FREELY AVAILABLE SUBSTRATES

- ENERGY & RAW MATERIALS



At a cellular level the induction of secondary metabolism has been 
ascribed to two processes. The first is the derepresaion of the enzymes 
involved in the bi ynthesis of secondary metabolites and the sfconr* 
process is, where there is competition between a primary metabolic and a 
secondary metabolic substrate for a common substrate, the alteration of 

conditions to favour the production of the secondary metabolite. With 
secondary metabolites that are overproduced the control is likely to be 
predominantly through substrate competition or eompartmentation. In the 
case of unique molecules that do not have any specific role but that are 
vital to the overall well-being of the organism, the induction of the 
enzymes responsible for the biosynthesis of these molecules is likely to 
be the controlling factor. Naturally it is possible that both these 
methods could act as dual controls on secondary metabolic pathways.

In summary, the basis of this theory of a balanced metabolic flux as 
the raison d'etre for seconds, y metabolism# is that it is the metabolic 
process by which an excess of essential intermediates are removed from 
free circulation and thereby prevented from accumulating. Consequently the 
metabolic balance and control of the basal and essential replicatory 
processes of metabolism are maintained. The overall result is that the 

organism can keep its basic metabolic pathways operational and therefore 
survive albeit at a much reduced rate in the anticipation of circumstances 
favourable to renewed growth.

A typical example of secondary metabolite production is that of 
oreyclopiazonic acid by Panicillium cycloulum. The biosynthetic pathway 
is outlined in figure 2. Henicilliua eye Ionium is one of the peniclllium 
and aspergillus sp from which go many secondary metabolites originate. Two 
other classic examples of the peniclllium and aspergillus sp that spring 
to mind are Asperolllus fiavus end Peniclllium chryaooenum which produce 
the renown secondary metabolites, aflatoxin and penicillin respectively.

Dr 3 Scott in 1964 isolated several fungal species from samples of 
mouldy grain. One of these was the fungus Penicillium cvcloai.um. He showed 
that this fungus was twponsible for the toxicosis found in animals that 

had eaten the mouldy grain. Holzapfel (1968) isolated the toxic principle



FIGURE S t An outline of the biosynthetic pathway ef farnssyl pyrophosphate 
and a-eyclopiazonie acid.

0-cyclopi*sonic acid

8-cyclopiazonie acid

c^Trp trp-tRNA

protein
synthesis



FIGURE 3 $ Structures uf same of the metabolites involved In the biosyn­
thesis of e-cyclopiazonic ecid by Penicillium cvclooium.

a-cyclopiazonic acid, I 6-cyclopiazonie acid, II

cycloacetoacetyl tryptophanyl. III dimethylallyl pyrophosphate, IV



from this fungus and identified it as cyciopiazcnic acid (I, figure 3). 
Holzapfel £t aj. (1970) isolated bissecotlrttydrocyclopiazonic acid (fi-cyclo- 
piazomc acid - II, figure 3) from cultures of Penicillium cvclattiuft and 
Kolzapfel and Wilkins (1971) showed tnat it was the immediate precursor of 
the cyciopiazcnic acid. Cyclopiazonic acid (I) was renamed e-cyclopia- 
zonic acid (e-CPA) to distinguish it from fl-cyclopiazenic acid (6-CPA).

Holzapfel ami Wilkins (1971) also reported that tryptophan (24.7%), 
eevalonate (7.0%) and acetate (3.5%) were incorporated in cyclopiazonic 
acid in varying amounts. They concluded that tryptophan was a biosynthetic 
precursor of e-CPA. The enzyme responsible for the conversion of 6-CPA 
to ot-CPAi 6-oxidecyclase, was isolated and purified by Schabort et. al 
(1971a, 1971b). The enzyme proved to be five isoenzymes and required a 
riboflavin derivative to effect the conversion. The reaction mechanism was 
studied extensively by Steenkamp a\_ (1973a, 1973b).

rtuGrath et, al_ <1973), using cell free extracts prepared from cultures 
of Penicillium cvclooium, reported the isolation of another metabolite, 

o acetyl-3-(6-indoyl> methyltetranic acid (cycloacetoacetyl tryptoph- 
anyl - III, figure 3). They showed that it was a biosynthetic precursor of 
6-CPA. Later McGrath et, al_ (1976, 1977) isolated and purified the enzyme 
from Penicillium cv.ciopLuB that converted cycloacetoacetyl tryptophanyl 
(cAAtrp) to 6>CPA. The enzyme was designated dimethylallyl pyrophosphate: 
eyclaacstosceuy} tryptophanyl dimethylallyltransferase. In this report it 
will be referred to as 6-CPA synthase. They showed that 6-CPA synthase 
adds the dimethylallyl eoeity of dimethylallyl pyrophosphate (OMAPP - IV, 
figure 3> to the 4 position of cAAtrp. McGrath si el. (1977) reported a 
molecular weight of 96000 daltons and a pi of 5.3 for 6-CPA synthase. The 
Michaelio constants for 6-CPA synthase were 2.0 HM for DMWP and 

6.0 pM for cAAtrp. They reported that 6-CPA synthase had no apparent 
requirement for the Sivalent cations of rlge+ or Mn2* and that the 
presence of the latter had a disruptive effect on the enzyme activity of 
6-CPA synthase.

McGrath el H  in 1977 reported the isolation of farnesylpyrophosphate 
synthase (FPP synthase - EC 2.5.1.1.) from Penicillium cvclooium. FPP



synthase has been shown to combine iaopentenyl pyrophosphate (tPP; with 
diieethylallyl pyrophosphate CJMIAPP) to form geranyl pyrophosphate (GPP) via 
a two step addition (Cornforth et al_, 1966). It has also oeen shown to 
combine 6PP with another IPP moeity to form farnesyl pyrophosphate (figure 
2). Thus the FPP and 6-CPA synthases compete for a common substrate, DMAPP, 
which is produced from IPP by isopentenyl pyrophosphate isomerase 
(isomerase - EC 5.3.3.2.>. In their isolation of these three enzymes, 
McGrath et el. 11977) reported a short study of the control mechanism which 
operated at this branch point between primary and secondary matabolis*. The 
study in effect examined both the similarities between the competing 
enzymes and the metabolic basis for regulatory control. The study also 
elucidated several other factors that could influence the switch fret 
primary to secondary metabolism.

There are several possible explanations as to how secondary metabolic 
enzymes arose. One possible hypothesis is that »:ie enzymes involved in 
secondary metabolism such as 6-CPA synthase are the result of & mutation in 
a primary metabolic enzyme that has resulted in an altered but functional 
enzyme (Scnulz, 1978). This mutation must not be detrimental to the 
organism and may even give the organism a definite ecological advantage 

over its neighbors. If an enzyae of secondary metabolism was dsrived during 
the process of evolution from a nutated gene coding for a primary metabolic 
enzyme, one would expect such an enzyme to show a degree of homology with a 
corresponding er«yme of primary metabolism.

Such a similarity between a primary and a secondary metabolic enzyme 
would be evident under two different circumstances - thesfc are firstly 
where their respective amino acid sequences have extensive homologies and 
secondly where the enzymes have identical subunits in common. Given that 
FPP synthase and A-CPA synthase compete for s common substrate and that the 
fungus, being eukaryotic* may well have multiple genes for the FPP synth­
ase, it is conceivable that the B-CPA synthase could have arisen as a fav­
ourable mutation of one of these genes (Bajaj & Blundell, 1964). In order 
to establish whether it is possible for the two enzymes in question to have



originated from a common genetic precursor it would be essential to 
examine the subunit structure, the amino acid composition and the primary 
structure of both these enzymes to determine the degree of homology 
between them.

McGrath *£ jj. (197?) reported the molecular weights of these two 
enzymes as 64 000 and 96 000 respectively. The FPP synthase from various 
other sources has been shown to be composed of two identical subunits 
(Barnard and Popjak, 1981* and has < reported molecular weight in the 
region of 76 000 i 6000 for the porcine liver FPP synthase (Yeh and 
Rilling, 1977, Barnard and Popjak, 1980), 74 000 ± 1400 for the human 
liver enzyme (Barnard and Popiak, 1981), 83 000 for the avian liver enzyme 
(Reed and Rilling, 1976) and 86 000 ± 5000 for the Saccharomvces 
cerevisiae enzyme (Eberhardt and Rilling, 1975). McGrath (personal 
communication) demonstrated tnat the two pertinent substrates (other than 
DKAPP), ZPP in the case of FPP synthase and cMtrp in the case of 6-CPA 
synthase, can ̂ n certain conformations mimic a part of the structure of 
the each other; These overlapping parts are the keto groups on cAAtrp and 
the phosphate oxygens on the pyrophosphates of IFP. Thus there is the 
possibility that a small modification to the amino acid structure in the 
active site that would allow substrate substitution. In other words, were
S-CPA synthase a mutation of FPP synthase, the catalytic Site of 6-CPA 
synthase could be marginally modified with cAAtrp becoming the preferred 
substrate. The binding coefficient of IPP to 6-CPA synthase would be 
significantly less than that to FPP synthase. Furthermore, whlln IPP may 
bind to the active site of 6-CPA synthase it cannot be transformed 
(McGrath *L< 1977).

It would bJi useful to compare 6-CPA synthase with other fungal 
secondary metabolic enzymes to see whether there is a discernible pattern 
with respect to secondary metabolic enzymes which operate at branch 
points. Three relevant enzymes will be discussed Below in this regard.

Takahashi el li (1978) reported the isolation of the enzyme BMAPP s 
aspulvinone dlmethylallyltransferase from Asoeraillus terreus. This enzyme 
catalyses the transfer of the dimethylallyl moiety of DMAPP to one of the



aromatic rings of aspulvinone E. The salient features of this enzyme are 
firstly that it has » similar subunit molecular weight (45 000) to the FPP 
synthase subunit (± 40 000)» secondly that no metal ion is necessary for 
the activation of the enzyme and thirdly that sulfhy'Yyl reductants have 
no effect on the functioning of the enzyme.

Heinstein El §i (1971) and Lee §1 Si (1976) reported the isolation and 
purification of DMAPP > L-tryptephar dimethylallyl transferase \From 
Oaviceos strain 5D 58). This enzyme is the first one after the branch 
point in the synthesis of the ergot alkaloids. Cress. Chayet and Rilling 
(1961 Si studying the sane snzyme* reported that in the absence of CaS* 
the enzyme is not inhibited by EDTA. They also reported that a divalent 
metal cation is not required for catalysis by this enzyme. Itfiile Lee et 
aL reported that the enzyme was a monomer, Cress gj, ai reported that it 
was dimeric with a subunit molecular weight of 34 000.

In both the above cases the secondary metabolic enzymes are dimeric 
prenyl transferases and are insensitive to chelating ayer>,s and are able to 
function in the absence of divalent metallic cofactors. McGrath et al 
(1977) reported similar properties for the secondary metabolic enzyme, 
f.-CPA synthase.

The third secondary metabolic enzyme that will be discussed is 
produced by Penicilllum ustus and spec its of flsperoillus amstelodaml. The 
enzyme, dimethylallyl pyrophosphate : cyclo-L-alanyl-L-tryptophanyl 

dimethylallyl transferase <a prenyltransferase), catalyses the transfer of 
the dieethylallyl moiety from DMAPP onto cyclo-L-alanyl-L-tryptophanyl.
The product formed is alanyl-2-(l,l-dlmethylallyl)-L-tryptophanyl which is 
a biosynthetic precursor of secondary metabolite, echinulin (Allen 1972, 
Deyrup and Allan 1975). One of the results reported by Deyrup and Allen 
w*s the affinity of pig FPP synthase for a synthetic analogue, 
cyclopsntylidineethyl pyrophosphate. This analogue shows a similar 
conformation to alanyl-2-(I,1-dimethylallyl)-L-tryptophanyl. The 
secondary metabolic preny1transferase that forms nlany1-2-(1,1-dimethy1- 
allyl)-L-tryptophanyl however could not transform this substrate. This 
result is interesting in that the primary metabolic enzyme was able to



FIGURE 4 t Branch point cf primary and secondary metabolism in PeniciM ium 

cvclQbium.
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transform an analogue of a secondary metabolite while the secondary 

metabolic enzyme was not.
The object of this research project was to purify and examine two 

enzymes of the fungus PenlclUium cvcioaium. These enzymes were the 
farnettylpyrophosphate synthase (EC 2.5.1.1.) and fi-cyclopiazonate synthase 
(McGrath gt al.„ 1976, 1977) mentioned above. FPP synthase, the primary 
metabolic enzyme, is involved in the biosynthesis of squalene, v*iiie A-CPA 
synthase, the secondary metabolic enzyme, is involved in vhe synthesis of 
the mycotoxin, «-tyclopiazonic acid (figure 4).

Initially the aim was to develop an improved isolation and purifica­
tion procedure for the fungal enzymes, and having purified the enzymes to 
homogeneity, the homology of these two enzymes was to have been investig­
ated, However the relative instability of the fungal enzymes led to the 
major part of this work being devoted to stabilising the enzymes and 
optimizing the steps in their purification procedure in order to be able 
to purify enough units of the enzymes for hoisoios; studies. McGrath g£ al_ 
(19775 reported that the enzymes were unstable and in a personal communi­
cation ascribed this instability to the use of the ice shear press to 
rupture the mycelium. The ice shear press places pressures of 500 psi and 
more on the enzymes and may have partially denatured them. The pressure 
may also account for the varying molecular weights that they reported.
When this instability was found to persist even when other methods of 
myeolial rupture were used, a large part of this work was directed at 
stabilising the enzymes and establishing the purification protocol (with 
respect to time, resolution and the different characteristics of the 
protein that yere used for separation). The criteria for the purification 
protoco. were to firstly optimize both the yield of enzyme from a given 
volume of culture medium (i.e. to maximise initially the mass per 100 ml 
culture medium and then the enzyme yield per type of nitrogen source), and 
secondly to determine the most beneficial constituents for tft<a reconstitu­
tion buffers used in the purification process. The FPP and 6-GPA synth­
ases were then purified and their molecular weights estimated using gel 
filtration.





8.1 GENERAL

All chemicals used were of the analytical grade with the exception of 
the some of the trace elements in the culture medium.

One unit of enzyme is defined as the amount vt ...zyme that utilizes 1 
Ksale of substrate per minute at 30°C.

While both these enzymes are bisubstrate» only one substrate was used 
in determining enzyme activity. For farnesyl pyrophosphate synthase (FPP 
synthase) the substrate was ieopentenyl pyrophosphate (IPP) and for 
6~cyclopiazonic acid synthase (6-CPA synthase) the substrate was 
dimethylallyl pyrophosphate (.WAPPl. The FPP synthase utilizes twi IPP 
motacules per molecule of FPP produced and therefore the actual results of 
the FPP synthase assay are twice the enzyme units of FPP synthase present 
and hence the enzyme units dre halved to arrive at the correct nuttier 
(figure 4).

The specific activity of an enzyme is defined as the number of enzyme 
units per milligram of protein.

The assays for the activity of the FPP synthase and 6-CPA synthase as 
well as those for IPP-DMAPP Isomerase were adapted from McGrath et al 
11977). In the initial stages of purification the enzyme preparation still 
contained the isomerase which interfered with the assays of the FPP and
6-CPA synthases. Under these circumstances a coupled assay was used since 
the veracity of the individual assays was doubtful. This coupled assay 
measured the combined effect o* the isomerase and the synthases. The 
enzyme units derived from this assay ore meaningful in relation to similar 
assays. Standardization of the assays was ensured hy preparing and 
freezing aliquots of the buffer, divalent cations, the substrates and the 
reductant. In all assays the total assay volume, deluding the enzyme, was 
1 ml. The constituents of the different assays were as follows.



COUPLED ASSAVs The buffer for the coupled assay contained 80 nmoles 
Tris nialeater pH 6.6, 1 nmole DTE, 5 Mmoles magnesium sulphate,
39 nmoles cAAtrp and 50 nmoles El-l^Cl-lPP (50 000 dpm).

FPP SYNTHASE ASSAY t The buffer for FPP synthase contained 80 nmoles 
Tris maleate, pH 7.6, 5 nmoles magnesium sulphate, 1 nmole DTE,
50 nmoles DMAPP <unlabelled) and 50 nmoles Cl-^C] IPP (50 000 5pm). 
The results from this assay reflect twice the number of enzymu units 
since two IPP molecules are combined into one FPP Molecule.

6-CPA SYNTHASE ASSAY t The assay buffer for 6-CPA synthase contained 
20 Mmoles Tris maleate, pH 6.4, 5 nmoles magnesium sulphate,
1 nmoles DTE, 78 nmoles cycloacetoacetyl tryptophanyl (cAAtrp) and 
50 moles tl-Md IPP (50 000 dpm). 0.15 enzyme units of pig liver 
isomerase per assay were added and the mixture was incubated at 30*C 
for 30 minutes in order for the pig liver isomerase to reach equilib­
rium. The isomerase was inactivated by immersion in boiling water prior 
to the addition of the fungal enzyme. Sufficient DMAPP was provided in 
this manner to saturate the 6-CPA synthase. Random sampling of the 
toluene layers from these assays was done to ensure 2hat significantly 
more dpm were present in the toluene layer than were attributable to 
6-CPA or e-CPA alone since there had to oe some DMAPP remainit.3 at 
the end of the assay for it to be meaningful.

ISOMERASE ASSAY 1 The buffer that was used for the isomerase assay 
contained 80 nmoles Tris maleate, pH 6.0, 5 nmoles magnesium 
sulphate, 1 Mmole DTE, t nmole manganese sulphate and 50 nmoles 
Ei-ltCl IPP (50 000 dpm).
All assays were carried out at 30'C for 9 or 10 minutes. The assays 

were started with the addition of 100-200 M  of enzyme extract (0 .1-1 

mg/ml proteih concentration) and stopped with the addition of 4 drops of 
MgSO^-saturated HC1 (cone) followed immediately by vortexing. For the 
FPP synthase and the isomerase assays 1 ml of Toluene solution (containing 
IX of geraniol, farnesol, and nerolidol (v/v) each) was added 0 each 
assay tube and then »5xed thoroughly. For the 6-CPA synthase assay the 
1 nl toluene added to the assay contained 78.9 nmol of a-CPA and 6-CPA



(1.46 OD units, from uv estimation at SBO na - leg €=4.32). For the coupl­
ed assay 0.5ml of each of these two toluene solutions was used. The suspen­
sion Mas broken by centrifugation <2000 rptn - 5 mln.). From the toluene 
t*..per layer 200 HI were remover) and added to 4.5 ml of a 2 :1 toluene : 
Triton X100 sclntillant (containing 34 mg PPG and 0.33 mg MegPQPOP). For 
the 6-CPA synthase assay the 200 Pi were removed and trickled onto a
S.S cm disk of 3MM Whatman paper in the path of a stream of warm air from 
a hair dryer. The disks were then placed in vials containing the above 
scintillant. Counting was in an LKB Redirac BetaRack scintillation counter 
for 1 0 -20 minutes.

2.1.2 Protein determination

Protein was determined using the Bradford method. The method was 
adapted from Peterson (1983). On binding to the protein the absorbance 
wavelength of Coomassie blue dye shifts from 465 nm to 595 run where the 
absorbance is read. The stock dye solution used for all protein determin­
ations was made by dissolving 650 mg Sigma Brilliant Blue G i n a  600 ml 
solution of 96JC ethanol s 88% phosphoric acid (1:2). Immediately prior to 
use the stock dye solution was diluted with 3 parts of distilled water to 
form the dye reagent. Standards were made using Sigma BSA to the f-inciting 
concentrations - 5 Mg/ml, 10 eg/ml and 20 Kg/ml. The method of 
linear squares (see appendix) was used to construct a standard curve. Use
was not made of a 50 I'g/ml BSA standard since at concentrations higher 
than 20 Mg/ml the calibration curve from the Bradford method loses its 
linearity. A reference samole of 20 Mg/ml lysozyme was also prepared.
If the reference's concentration was not within 20% percent of that of the
20 Kg/m.'. BSA standard then the results were not acceptable and were
repeated (Peterson, 1983).

Samples containing between 5 ana 80 Mg of protein were made up to 
1 ml and aliquoted out. If the protein concentration of a sample was great­
er than 80 Pg/ml it was diluted prior to the addition of the dye reag­
ent. 1.5 (ill Dye reagent was added to each sample and mixed. The samples



were allowed to stand for at least 5 but not more than 15 minutes and then 
read at 595 nn against distilled water on a Gilford 2400-6 
spectrophotometer.

2.1.3 Enzyme substrates

The substrate for the IPP-DMAPP isoeierase and the FPP synthase assays, 
C1-14C] isopentenyl pyrophosphate (IPP)i was obtained from Amersh&m,
U.K.. Labelled dinethylallyl pyrophosphate (DMAFf) was obtained using pig 
liver IPP-DMAPP isomerase that had been partially purified to free it of 
farnesyl pyrophosphate and phosphatase activity (2.8). Unlabelled 1PP and 
DMAPP were prepared by R.M. McGrath.

The preparation of cycloacetoacetyl tryptophanyl (cAAtvp) was modified 
from that of McGrath ti.il. (1976). Thin layer chromatography was used to 
monitor the synthesis. 500 me of (.-’tryptophan were dissolved in 3 ml 
methanol and chilled to 0*C. 0.4 ml thionyl chloride were added and the 
mixture stirred for 16 hours. The mixture was warmed to room temperature 
and stirred for another B hours. In a biphasic ethyl acetate t ammonia - 
water system only a trace of ester was found in the aqueous layer while 
the reverse was found to be true for tryptophan. As a result methyl 
tryptophan was separated from the residual tryptophan using solvent i 
solvent extraction (ethyl acetate and IN ammonia).

The ethyl acetate layer was evaporated to dryness in a stream of dry 
nitrogen. The residue, SOB mg of methyl tryptophan, was dissolved in 5 ml 
methanol and treated for 15 minutes with sodium methoxide (35 mg Na in 0.5 
ml methanol). The mixture was cooled to -10»C and 0,5 el Merck diketene 
added. The mixture was allowed to warm to room temperature and stirred for 
SO hours. Once the reaction had reached completion the mixture was 
filtered and N-acetoacetyl tryptophan separated from methyl tryptophan on 
a Merck Fggz, g ent silica gel preparative tic plate using a 20*5i3 
(v/v/v) ethyl acetate : methanol : ammonia (cenc) developing system. The 
N-acetoacetyl tryptophanyl was dissolved in benzene ISOal) and cyclized 
by refluxing in sodium methoxide (40 mg Na in 0.6 ml methanol) for two



hours. The mixture was chilled > 0*C and extracted with distilled water. 

The benzene layer was removed a : the wrier acidified with HC1 (cone). 
Chloroform was added and 551 mg of cAAtrp extracted into the chloroform 

layer. The overall yield was 83.7%.
The synthesized cAAtrp was assayed in order to compare it with an 

authentic sample of cAAtrp ta gift from P.S. Steyn of CS1R). Equal amounts 
of the isynthesizeti cAAtrp and authentic sample were made up in the assay 
buffer. The results of the A-CPA synthase assay showed that the 
synthesized product was SIX more active than the authentic sample.

2.8 PURIFICATION OF FIB LIVER IBOMERASE

2.2.1 Purification

A22 procedures were carried out at 4°C. A pig's liver was obtained 

from the abattoir and frozen immediately. The liver was allowed to thaw 
until if was only semifrozen and lOOg was diced. The diced liver was 
homogenized for a minute In one and a half volumes of extraction buffer 
ISO mM Tris maleate, pH 6.4, 1 eM DTE and 1 rM EDTA) using an Ultra Turrex 
homogenizer. The homogenate was centrifuged at 16 300g for 20 minutes and 
the pellat discarded. The supernatant was erntrifugcd at 48 OOOg for 3 
hours and the pellet discarded. The supernatant was filtered through 
Whatman No 4 filter paper (to remove lipids) directly into Visking 

9-36/32" dialysis tubing. The filtrate wrs concentrated against"sucrose 
for 4-5 hours until the supernatant volume was less than 15% of its 
initial volume. The dialysis tubing was tightened and the filtrate 
dialysed iwith stirring for 16 hours against a iitre of dialysis buffer 
(80 mM Tris maleate, pH 6.4, 1 mM DTE), the dialysis buffer was changed 
twice. After aliquots had been withdrawn 'or protein and enzyme activity 
determination, the concentrate, together with Dextran Blue, was loaded 
onto a 80 cm k. 2.6 cm Ultro&el AcA 44 gei filtration column (fractionation 
range - 10 000 r 130 000 dal tons>, which Had previously been equilibrated 
for 24 hours with buffer (10 mM Tris HC1, pH 7.5, 1 mM DTE). 400 mg of



protein (14% ml) were loaded onto the column. The flow rate of the column 
was IB ml/hour. Fractions of 13 ml were collected and assayed for protein 
and enzyme activity. Haemoglobin was used as an indicator of the isomer- 
ase’s position in the eluent as the isomerase eluted immediately after it,

8.2.2 Ion Ezcnanae

DEAE cellulose (Whatman DE 52) was the cation exchange resin used. 250 
ml of DE 52 per n m  was used. The resin was prepared by stirring the gel 
resin in 0.5 M HCt for 2 hours. This was followed by stirring in 0.5 M 
NaOH for another two hours. After the ion exchange resin's pH had been 
adjusted t. 7.0 with HC1> it was washed in 3 volumes of 100 mM Tris HC1, 
pH 7.0. The resin was poured into a 20 cm x 4 cm column and equilibrated 
with 6 volumes of 20 mM Tris HC1. pH 7.0. The active isomerase fractions 
from the AcA 44 g*l filtration column (2.2.1) were pooled and loaded onto 
the ion exchange column. Any isomerase fractions where contamination by 
FPP synthase was found or even suspected were excluded. The column was 
then washed with another 3 volumes of the same buffer. The absorbance of 
the wash was monitored using a LKB Uvicord 4701A at 854 nm and the washing 
of the column continued until the absorbance had returned to that of the 
baseline prior to loading. The wash was assayed for the presence of enzyme 
activity but none was found. The enzymes wore eluted using a linear 
gradient <100 mM-400 mM Tris MCI. pH 7.0, I mM DTE). Fractions of 7 ml 
were collected and assayed for protein and enzyme activity. The protein 
remaining on the ion ecchange resin was eluted with 400 art KC1.

2.2.3 Storage

Binui the isomerase was only required for the synthesis of DMAPR, once 
it was essentially free of FPP synthase, 500 pi fractions with a speci­
fic activity of 0.21 enzyme units/mg and a protein concentration of 1.44 
mg/ml were allquoted into eppendorf tubes and stored In liquid nitrogen 
where they were stable for up to 9 months.



8.3 THE ORGANISM - Pcnicillluni cvclasiUB

2.3.1 Standard Growth

Penicillimn cvelopiuai Hestling ATCC 7615 (formerly CSIR 1082), the 
fungus used, was obtained originally f-om the CSIR. In these experiments 
the primary innoculum was started using free;e-drled slants prepared by 
R.M. McGrath. The slant was flooded with sterile culture medium and 
allowed to soak for 15 minutes, after which it was homogenized with an 
Ultra Turrex homogenizer. The standard culture medium used for the growth 
of the fungus was a modified Gzapek culture medium developed by Neethl.ing 
(1978). The constituents are shown in table 1. All culturing procedures 
were carried out under sterile conditions and growths were repeated if the 
growths differed noticeably from each other. The culture medium was made 
in bulk and 100 ml aliquots were dispensed into 500 ml erlenmeyer culture 

flasks. The flasks were autoclaved at 121eC for 15 minutes before use.
Both the primary and secondary innoeula were grown in a constant 
temperature room (25*0 at 180 rpm on a New Brunswick BIO gyretory 5 cm 
orbital shaker.

All cultures were started with a three day growth of the primary 
innoculum using the standard culture medium. After the primary innoculum 
had grown for 3 days it was homogenised using an Ultra Turrex and 3 ml 
aliquots transferred to new flasks to form the secondary innoculum. The 
secondary innoculum was grown for between two and five days depending vn 
the nature of the experiment. If any of the growths of the secondary 
innoculum clumped after the initial 24 hours of growth they were 
homogenised with the Ultra Turrex until the lumps had been broken up. 
Growth was stopped by separating the mycelium and the culture medium by 
filtration. The mycelium was frozen and the culture filtrate stored at 4*C 
with a trace of chloroform if not immediately used.



TABLE 1 i The nutrients nf the standard culture medium, based on those 
of Neethling <1978), are shown in the table.

STANDARD CULTURE MEDIUM CONSTITUENTS

Glucose 60 g
Sodium nitrate
Dipotassium hydrogen phosphate
Potassium dihydrogen phosphate
Magnesium sulphate 500 mg
Potassium chloride 500 mg
Sodium borate
Ammonium molybdate
Copper sulphate
Manganese sulphate
Ferrous sulphate
Zinc sulphate

pH adjusted to 5.5 and made to
post sterilization pH



£me of the reasons ascribed to the insfoiUty of these enzymes was 
the possible dissociation of the secondary, tertiary and quaternary 
structure by the high pressures used in tho ice shear press. Herman (1985) 
reported that the preparation of an acetone-dry ice powder successfully 
circumvented this problem. Later, when the instability of the enzymes was 
found to be only indirectly linked to the method of mycelial rupture, a 
eoeparlse:1, of the ice shear press method of McGrath (1978) and the acetone 
dried powder method, together with the freeze drying method, was done.

All procedures were carried out at 4‘C unless otherwise specified. 
Initially three methods of mycelial rupture were attempted before freeze 
drying was selected as the preferred method of mycelial rupture for the 
purification of the enzymes. Before a freeze dryer became available the 
preparation of acetone dried powders and the homogenization of the 
mycelium were used. Later it became feasible to freeze dry the mycelium 
and this method of mycelial rupture was investigated. In all three 
comparisons of the mycelial rupture methods were done - firstly the 
veracity of an acetone-dried powder was compared to homogenisation; 
secondly the acetone drying and freeze drying methods were compared and 
thirdly these last two methods ware compared to the ice shear press method 
of rupture under conditions almost identical to those used by McGrath et, 
al <1976, 1977). Figure 5 outlines the methods used,

2.3.8.1 HOMOGENIZATION

The secondary innoculum, which had been grown for two days, was 
removed from the shaker and the mycelium separated from the culture medium 
by filtration in a buchner funnel. Two culture flasks were used for the 
Homogenization. The mycelium was washed with 500 ml 10 'M Tris HC1, pH 7.5 
anti 3 iiiH DTE and then homogenized for two minutes ut.ing an Ultra Turrex 
hooogenizer. The homogenate was centrifuged (110 OOOg for 1 hour) and the 
supernatant, which constituted the crude preparation, assayed for protein 
and enzyme activity. The filtrate was also assayed for the presence of the



FIGURE S : A scheeatic outline of the eathods of mycelial rupture 
used for the preparation of PPP synthase art 6 -CW> 
synthase.
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enzymes. Two samples, one which was homogenized and not centrifuged and 
the other which was centrifuged and not- homogenized, were include! for 
comparison. At no stage in this method of mycelial rupture was the 
mycelium stored pending further processing.

8.3.8»2 ACETONE DRY POWDER

The secondary Innocula, grown as in 8.3,1 i')ove, were stopped on the 
second day of growth. The mycelia and culture media were separated by 
filtration and the mycelia placed in acetone precooled to -70eG with dry 
ice. The mycelia were allowed to warm to 4"C (about 2 hours) and the 
acetone filtered off. Initially a double w«sh of the mycelium was done in 
order tu ensure the removal of any residual water. However a comparison of 
the single and double wash preparations was done and it was found that the 
er.Syme unit yield «f a double kvsh was as little as half that of a single 
wash. As a result the single wash was selected as the method of choice.
The mycelia were dried under vacuum for 2 hours and then ground to a 
coarse powder with a pestle and sorter. The powder was stored at -30'C 
where it was stable for more than 18 months.

The acetone dried mycelial powder <250 egI was reconstituted by the 
addition of rceonstitutjon buffer (10 mM Tris HC1* pH 7.5, 1 mH DTE) 
followed by brief stirring with a spatula. The reconstituted mycelium was 
allowed to stand for t»o hours after which it was centrifuged at 110 OOOg 
for 1 hour* The pellet was discarded and the straw-coloured supernatant 

filtered through Whatman No 4 filter paper. The filtrate constituted the 
crude preparation and was used for further processing and for enzyae 
activity and protein assays.

2.3.2.3 FREEZE DRYING

The cultures, grown as in 2.3.1 abovei were removed fron the shaker on 
the second day of the secondary irmoculum. The mycelium and the culture 
medium were separated by filtration and the mycelium washed in the buchner



funnel with the reconstitution buffer <10 mM Tris HCli pH 7.5, 1 itil DTE). 
The mycelium was then freeze dried over a two to three day period in a 
Virtis SRC 10 freeze dryer. Care was taken to prevent the mycelia thawing 
and thereby risking damage to the enzymes during the process of freeze 
drying. The dried mycie.ium was ground to a fine powder using a Phillips 
coffee grinder and stored at -30*C.

The powdered mycelium <850 mg) was reconstituted in reconstitution 
buffer in the same manner as the acetone dried powder (8 .3.P.2 ) and 
centrifuged at 110 OOOg for 1 hour. The pellet was discarded and the 
supernatant filtered through Whatman No 4 filter paper to remove any lipid 
material. The filtrate was used as the crude preparation.

2.3.B.4 ICE SHEAR RUPTURE

The cultures, grown as in 8.3.1 above, were removed from the shaker on 
the second day of the secondary innoculum. The mycelium and the culture 
medium were separated by filtration and the mycelium washed ;n the tiucimer 
funnel with 10 mM Tris HC1, pH 7.9, 2 mM ff-mercaptoethanol and 1 mM EDTA. 
'he ■<ycelium was then shaped in the ice shear press and frozen in dry ice 
(McGrath, 1972). A pressure of 200-300 psi was applied to the press and 
the press allowed to thaw. When the mycelium had reached a critical 
temperature the pressure forced the semifrozen mycelium through the sieve 
at the end of the press and the mycelium was thus ruptured. The ruptured 
mycelium was then refrozen in dry ice.

Two grams of sheared mycelium were thawed and stirred In four volumes 
of 10 «M Tris HC3, pH 7.9, fi mM ji-mercaptoethanol and 1 mM EDTA for an 
hour. The mycelium was then centrifuged at 110 OOOg for 1 hour and the 
pallet discarded. The supernatant was filtered through Whatman No 4 filter 
paper and the filtrate used as the crude preparation.



8.3.3 Development cf the culture medium

The nitrogen source of the standard culture medium was varied firstly 
to maximize the mass of the mycelium per culture flask and secondly to 
maximize the activity of the FPP and 6-CPA synthases. The nitrogen source 
of the standard culture medium mbs substituted in four experiments with 
various concentrations of corn stlfep liquor« mycological peptone, malt 
extract broth or sodium aspartate,, Enhanced concentrations of sodium 
nitrate were also tested in these experiments. The nitrogen sources atid 
their concentrations for these experiments are summarized in table 2 .

A primary innoculum using the standard medium was grown for 3 days for 
each of the four experiments. The nitrogen sources of the secondary 
innocula were changed to those in table £*» For all four experiments the 
growth of the secondary innocula was for five days. The filtrates of the 
cultures for the third experiment were extracted with acidified chloroform 
and read against chloroform at SBC nm ts quantify the amount of «- and 
6-cyclopiazonic acid produced by the organism (log €=4.31 at 580 nm). 
Aliquots from the chloroform extracts of the filtrates of the sodium 
nitrate-based culture medium <12, table 2), sodium aspartate-based culture 
medium <17) and both mycological peptone culture media <14 E> 15) were run 
on a Merck Fa54 silica gel HPTLC plat#. The HPTLC plate was developed in 
a systm of ethyl acetate s methanol i ammonia (concl 20:5:3 <v/v/v). The 
plates wore sprayad with van Urk's reagent <1 g 4-dimothylamino benzalde- 
hyde in a solution of HC1 (conU $ 96* ethanol (1:3)) to detect the 
presence of indoles.

Two culture media with enhanced nitrogen sources, together with the 
standard culture medium, were used to grow cultures for this experiment. 
Both nitrogen enhanced culture eedta used 30 g/1 glucose. One of the 
nitrogen enhanced culture media used 9 g/1 sodium nitrate while the other 
used 10 g/t sodium aspartate as the nitrogen source. Apart from these



TABLE a i The growth of Penicillin* cvclooium on culture media with 
varied nitrogen sources and in sp-ve cases enhanced carbon 
sources are outlined in the table.

Nitrogen source
g/i pH

Other detail

EXPERIMENT Of®

1 Sodium nitrate
E Corn steep liquor
3 Mycological peptone 3.0
4 Malt extract broth 80.0 glucose omitted

EXPERIMENT TWO

1 5 Sodium nitrate
1 6 Corn steep liquor

7 Mycological peptone
0 Malt extract broth glucose omitted
9 Melt extract broth<+> 60 g/1 glucose added
10 Sodium aspartate

EXPERIMENT THREE

11 Sodium nitrate
12 Sodium nitrate
13 Sodium nitrate
14 Mycological peptone
15 Mycological peptone
16 Sodium aspartate
17 Sodium attpartate

EXPERIMENT FOUR

IB Sodium nitrate
19 Sodium nitrate SO g/1 glucose added
20 Sodium nitrate 80 g/1 glucose added
21 Sodium os.partate 80 g/1 glucose added

Apart from the nitrogen source ell media constituents 
wore thooe of *he standard culture aefliu® unless 
otherwise specified. Where changes were made it the 
glucose concentration that was altered. Malt extract 
broth and aycological peptone were from Oxoid. halt 
extract broth contains 15% mycological peptone by weight. 
Media pH was determined after sterilisation.
All cultures were done in duplicate.



alterations of the nitrogen and glucose sources the constituents of the 
culture media were those of the standard culture medium (table 1).

A primary innoculuni was grown for three days using the standard 
culture medium. T-condary inuocula were made into culture flasks 
containing the three different nitrogen sources. Over and above the three 
different culture media examined, the effect of the length of growth of 
the secondary innocula was also examined. The cultures of the secondary 
innacuia were stopped on days two through fivu. In other words a three by 
four matrix (culture medium by growth time) of growths was performed. The 
growths were removed and the mycelia prepared using the acetone dry powder 
method <B.3.2.2). A double acetone wash was used. 250 mg of each of the 
mycelia were reconstituted in 10 mM Tris HC1, pH 7.5, 3 mM DTE, 10% (v/v) 
glycerol for 2 hours and then centrifuged at 110 OOOg for 1 hour. The 
supernatant was assayed using the coupled assay to determine tne activity 
of the enzymes present in the reconstituted mycelium.

2.4 STABILITY OF THE FUNGAL ENZYMES

After determining that up to 60% of the enzyme activity of a crude 
preparatU'rt was being lost Direr a 24 hour period, an investigation was 
instituted to maximize the stability of the crude enzyme preparation. The 
investigation focused on the elements of the reconstitution buffer in 
order to establish firstly whether one of the elements was weatabtlizlng 
the enzyme preparation and secondly to optimize the buffer's oloawio. The 
reconstituted mycelial preparations were store* at 4*C i’ur the duration of 
these experiments. The mycelial f/.'epii;aeSonr- were eosHsyfld B4 hourly for up 
to six or seven days depending on the ree*ti!>ai snzymt w.tivUy foviiti.

I n  a l l  c a s e s  th e  nystiViuia *a«- r e t i s n s v i iv te t i  if , - e r r i s t H  t i u n  fciffm* 

f o r  two h o u rs  ami c e n t r l f w f N  i I *0 VftOg ,ru '  1 h o u r) fli.'i f i e  tu p  :t r.ii'izmt 

f i l t e r e d  o f f .  The f i l t r a t e  ti-.e „ n d e  piftfO ’-- .tlan •’’cs*

s t a b i l i t y  e x p er im e n ts .



2.4.1 Sulfhvdrvl rortMCtants

RsconBtifcution buffers with oithioerythritol (DTE) concentrations of 
1 mM, S mMi S mtt and 5 art, and e-mercaptoethano) (20 and 20 mM) were 
made. The other corrponents of the buffer were 10 mM Tris HCli pH fi.O and 
1 mM EDTA. Both primary and secondary innocula were grown using the 
standard culture medium. The mycelial powder was prepared using a single 
acetone-dry ice extraction. Samples of 250 mg of acetone-dried mycelial 
powder per buffer were reconstituted in the reconstitution buffer. The 
reconstituted mycelial preparations were assayed for enzyme activity on 

days 0 , 1 and 2 .
It was found that when the activity of the porcine isomerase fell over 

a period of time it could be completely restored by treating the enzyme 
for 30 minutes,with the addition of 3 mM DTE (final concentration). The 
fungal enzyme reconstitution containing 3 mM DTE showed the greatest 
stability of the DTE roductants and was treated with an additional 3 mM 
DTE for 30 minutes on day 6 . Both the treated and untreated samples were 
assayed for enzyme activity.

2.4.2 Divalent cations

Primary and secondary innocula were grown a.-.ti prepared as for the 
sulfhydvyl reductant experiment (2.4.1). The sample buffers• based on 
10 mM Tris MCI, pH B.0« 2 mM DTE and 1 mM EDTA, were supplemented with 
concentrations of 1 mM, 2 *M and 5 mM magnesium sulphate, 1 mM and 8 mM 
manganese sulphate and one buffer that contained 1 mM each of magnesium 
sulphate and manganese sulphate. The reconstituted mycetia were assayed 
for activity on days 0, l, 2, and 3. The samples supplemented_with 1 mM 
and 8 mM magnesium sulphate as well as the control were also assayed on



2.4.3 Chelating agents

Primary and secondary innocula were grown and prepared as for the 
sulfhydryl reductant experiment (3.4,1). Amounts of EDTA to final 
concentrations of 0 mM, 1 mM and S mM EDTA were separately added to a base 

buffer of 10 mM Tris HC1, pH 8 .0  and 2 mM DTE. The reconstituted 
preparations were assayed for enzyme activity on days 0, I, 2, and 3.

2.4.4 Blvcerol

The examination of glycerol as a supplementary element of the reconsti­
tution buffer occurred in two stages. Initially buffers containing 10%,
15% and 20% glycerol were used. Subsequently buffers with glycer>1 
concentrations of 0%, B%» 4%, 6%, 8% and 10% were used. Following from the 
results of the examination of chelating agents (2.4.3) the use of EDTA was 
discontinued in this and the foIZ«wing experiments.

For the first experiment primary and secondary innocula were grown and 
prepared in the same manner as the sulfhydryl reductant experiment
(2,4.1). The basic buffer used for this experiment was 10 mM Tris HC1» pH 
8.0 and 2 mM DTE. Individual buffers were supplemented with IOX, 15% and 
20% (v/v) glycerol. All these concentrations were the final ones. Two 
additional samples were prepared for this experiment. These were firstly a 
20% glycerol - 1 mM IlgSOs supplemented buffer and secondly a sample that 
was reconstituted overnight rather than for two hours using the 10% 
glycerol supplemented buffer. The samples were assayed on days 0, 1, 2, 3 
and 6 . It was found that no significant advantage was gained by using more 
than 10% glycerol in the reconstitution buffer.

Following on from the results of this experiment, coupled with the 
increased viscotity of the buffer (due to the glycerol and the low 
temperature - 4«C), the basic •'uffer, 10 mM Tris HC1, pH 7.9 and 8 mM DTE 
was supplemented individually with 0%, 2%, 4", 6%, 8%, end 10% (v/v) 
glycerol concentrations. Samples of the acetone-dried mycelium from 2.4.1



'were prepared in thtf sase manner as the first supplemental glycerol 
experiment. The enzyme activity of the reconstitution was assayed on 
days 0 , 1, 2i 3 and 6.

2.4.5 Buffer pH

The reconstitution buffer was made up at different pH's and the 
stability of the reconstituted enzyme preparation at these pH's 
examined. The counter ion used was maleate since the buffering range 
of Tris MCI does not extend below 7.0. The pH's examined were B.0«
7.5, 7.0, 6.5 and 6.0. The Tris concentration was 10 millimolar and 
2 inH DTE and 10% (v/v) glycerol were added as well. Both the primary 
and secondary innocula were grown and prepared with the same method as 
the sulfhydryl reductant experiment (2.4.1). The reconstituted 
mycelial preparations were assayed for enzyme activity on days 0 , 1,
2, 3 and 7.

During preliminary ion exchange experiments it was observed that 
the fungai enzyme appeared to be more stable at ionic strengths higher 
than 10 eiM Tris. The effect of ionic strength on the stability of the 
leconstituted W'celium was therefore examined. Trim concentrations Of 
10 «M, 20 «M, 50 mM, 100 mM and 200 wore utilised for this
experiment. 1 mM DTE was added and the pH was adjusted to 8.0 with
HG1, No glycerol was added to the buffers used in this experiment as 
none hap. been used in the ion exchange experiments. The mycelial 
powder used for this experiment was prepared using the method in 2.4.1
above. Assays for enzyme activity were carried out on days 0 , 1, 2 , 3



2.5 PURIFICATION OF THE FUNGAL ENZYMES

For the purification of the FPP and 6-CPA synthases of Penicillium 
cvclooium a large stock of mycelium was prepared. The culture medium 
contained 10 g/1 sodium aspartate as the nitrogen source as well as BO g/1 

glucose. Otherwise the constituents of the culture medium were those of 
the standard culture medium (table 1). The growths were for 48 hours. The 
mycelia were freeze dried in a Virtis SRC 10 freeze dryer, powdered in a 
Phillips coffee grinder and stored at -30»C. Later when a preponderance of 
6-CPA synthase over FPP synthase was found in this stock, a second stock 
was prepared in an identical manner with the single exception that the 
growth was for only 36 hours. A comparison- of the relative sizes of the 
peaks of these two enzymes from the 36 hours stock on elution from a LKB 
AcA 44 gel filtration column was found to have a more even distribution of 
the two synthases.

The freeze dried powder was reconstituted in buffer for purification.
A schematic outline of the purification procedure is shown in figure 6,

2.5.1 Crude fractionation

Two and a half grams of freeze dried mycelium were reconstituted in 
50 aM Tris HC1, pH 7.5, 2 roM DTE, 10% glycerol for 2 hours. The 
reconstituted mycelium was sentrifi gad at 110 OOOg for l hour at 4*C and 
the pellet discarded. The superpatent was filtered through Whatman No 4 
filter paper to remove the lipids. The resultant filtrate was concentrated 
to a volume of less than 20 ml under nitrogen at 55 psi in an Araieon 52 
concentrator using a PtilO membrane. Because an increased buffer viscosity 
is known to reduce the resolution on the gel filtration and ion exchange 
columns (Pharmacia. 1985) and since the buffer elements had been optimised 
to give an acceptable stability over a three day period (2.4), glycerol 
was excluded entirely from the buffer after the concentration step. 
Otherwise the buffer remained the same.



FIGURE b An outline of the purification protocol established for the 
FPP and fl-CPA synthases from Penicilllum cvclftDium.
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2.5.2 Gel filtration

The gel filtration media used was UltroGel AcA 44 which has a 
fractionation range of 10 000 - 130 000 daltcms. The AcA 44 gel 
filtration column (80 cm x 2.6 cm) was equilibrated with 50 mM Tris

HC1t pH 7.5, S mM DTE, for 84 hours before us?. The sample << 20 ml -
2.5.1) with a protein concentration in the region of 7-10 ng/nl was 
loaded. Blue dextran 8000 was used as a front marker and myoglooin (MW 
17 600) as a back marker for the enzymes. The enzymes were 
fractionated on the AcA 44 column overnight at a flow rate of IB 
ml/hour. Fractions of 13 ml were collected. The fractions were 
assayed fcr protein and for FPP and (5-CPA synthase activity.

8.5.3 Ion exchange

The cation exchanger used was DEAE cellulose Whatman DE 52. 100 ml
of ion exchange resin were prepared by stirring for 2 hours in 0.5 M
HC1 followed by 2 hours in 0.5 M NaOH. After the ion exchange resin's

pH had been adjusted to 7.0, It was washed in 3 volumes of 100 mM Tris
WC1, pH 7.0 followed by 6 volumes of SO mM Tris HC1, pH 7.0. fi 11 cm x
2.6 cie column was poured and equilibrated with 50 mM Tris HC1, pH 7.0,
2 mM DTE buffer, for two to three hours prior t.o use.

The active fractions from the gel filtration purification step
(8.5.2) of all three enzymes were pooled and loaded onto the Ion 
exchanger. The loaded column was washed. The wash was monitored with 
a LK8 Uvicerd 4701A and thst wash continued until the absorbance had 
returned to Its base level The enzymes were eluted using a linear
gradient of 100 mM - 400 mM Tris HC1« pH 7.5, 2 mK DTE Fractions of
7 ml were collected. Protein remaining on the column was eluted using 
a 4V0 mM KC1 solution. The fractions from the gradient were essayed 
for protein and for FPP and 8-CPA synthase activity. The active • 
fractions ware pooled and dialysed against 2 mM Triv-HCl, pH 7.5, 8 

DTE. .If the preparations ware stored for longer than overhJglit an



equal volume of glycerol uas added tc. the individual fraction: (final 
concentration SOX) and the fractions stored at -30*C.

2.5.4 Isoelectric focusing

A flatbed apparatus was constructed to fit a 30 cm BioRad electrofocus- 
ing plate. The method used was essentially that recommended by BioRad for 
their apparatus <19621. Bio-Lyte clectrofocusing get was prepared by 
swelling 10 g of resin in distilled water for 2 hours and then washing the 
resin in 10 litres distilled water. The gel was manipulated as a 100X 
slurry and allowed to settle overnight. 100 ml of gel per run was used. 
Initially a broad pH range of LK8 ampholytes was used (pH 3.5-10). Once 
the pi’s had been established, ampholytes with a pH range of pH 4.0 - 6.0 
were used. The ampholytes were used at a 2X concentration (5 ml per 100 ml 
gel of LKB 40% ampholytes). Six wicks were cut to size and were wetted 
with distilled watei -.-id inserted across the ends of the gei Bed. These 
wicks enabled excess moisture to be wicked off from the gel once it had 
been poured. The ampholytes ware mixed with the electrofocusing gel 
slurry which was then degassed. The slurry was poured into the level 
focusing plate. Excess moisture was wicked off at the electrode ends until 
the surface of the gel at the ends of the gel had a granular appearance.

The sample used for isoelectric focusing was either a crude 
preparation of the 36 hour stock or the relevant active fractions from the 
ion exchange step (2.5.3). Initially problems were experienced in implem­
enting the technique with less than 1% of the protein loaded onto the gel 
being recovered after focusing. As a result crude preparations were used 
for focusing in order to establish the methodology prior to the subsequent 
focusing of the relevant fractions from the ion exchange eluent.

The sample was prepared prior to focusing by dialysis against 2 mM 
Trls HC1, pH 7.5, 2 mM DTE. If the volume was in excess of 2-3 ml the 
sample was concentrated at 25 psi in an Amicon 52 concentrator using a 
PM10 membrane prior to loading. After an aliquot had been taken for enzyme



activity and protein determination the sample was loaded in the centre of 
the plate using the BioRad sample applicator. Further wicking was applied 
to drain excess moisture from the gel until the whole bed had a grarOar 
appearaiwe. Three or four of the wicks at each end were removed and 
replaced with a single wick soaked in the appropriate electrolyte. At the 
cathode the electrolyte was i M NaOh and at the anode 1t was 1 N HgP04. 
The plate was inserted into the precooled (7*0 electrofeeusing tank. The 
electrodes were positioned on top of the wicks that had been soaked in 
electrolyte. The bed war run at a constant 10 W (100CV maximum) for 
between 12 and 16 hours using a Shandon Vokam 2090-300-150 power source.
As the ampholytes formed the pH grae.-mt, the resistance of the gel 
increased. As a result the current fell ai.d the voltage increased from an 
initial value of 450 V to a maximum which was set at 1000V. Initially 
focusing times of 16 hours were used but once it had been established that 
only 12 hours was necessary to focus the proteins this became the 
preferred time.

After the pioteins had been focused, the power was switched off and 
two myelar strips inserted perpendicularly Into the gel - one in ths 
middle and one at the side. Once the myelar strips were wetted they were 
removed and dried immediately with a hairdryer to avoid lateral diffusW- 
of the protein bands. No protein was visible when the myelar strips we.^ 
examined under UV so the strips were sprayed with ninhydrin to.det?,.' the 
presence of any protein present. Thiv sharpness of the bands on the myelar 
strips were a good indication of the success of the run.

Without wasting time the wicks were removed and a fractionating grid 
was inserted into the bed. The end of the grid was flush with the cathodic 
side of the gel bed. The gel fractions were scraped out using a micro 
spatula and 1.5 ml of distilled water mixed with each fraction. The pH was 
determined and i ml of 100 mil Tris HCi, pH 7.5, 2 mM DTE added to each 
fraction. This addition of buffer brought the pH to within 0.2 pH units of
7.9 in all cases. The fractions were assayed for enzyme tivity and the 
protein concentrations determined. The active fractions e then eluted 
on a Sephadex 6-25 column (30 cm x 9 cm) that had been previously



equilibrated with SO aM Tris HC1, pH 7.5, 2mM DTE. The enzymes were 
collected in the void volume. Glycerol was added to the purified fractions 
to a final concentration of BOX (v/v).

Polyacrylamide gel electrophoresis was used as a qualitative means to 
establish the purity of the enzymes. A vertical slab gel apparatus was used 
together with a Vokas Shandon Southern V500/550 power pack. The two glass 
plates were cleaned with hexane and ethanol to be free of vaseline and 
grease. Two perspex spacers for the sides and one for the bottom were 
greased in vaseline and clamped between the glass plates to form a sealed 
unit. The gel solution, consisting of 12.5 ml 30% acrylamide, 2.2 ml IX 
bisacrylamide, 6.2 eil 1.5 M Tris, pH 8.7, end 3.8 ml distilled water was 
mixed and degassed. 10 Ml TEMED and 0.1 ml 10X ammonium persulphate were 
added to the gel solution and mixed. The gel solution was carefully poured 
into the prepared plates and a % ml layfev of distilled water gently laid 
over the top. When the gel had polymerized (45 - 60 minutes> the water was 
drained off. IS Ml TEMED and 80 Hi were mixed with 4 ml of the 
stacking gel stock solution (consisting of 10.0 g acrylamide, 270 
bisacrylamidK. 3.0 Q Tris adjusted to pH 6.8, and made up to BOO si with 
distilled water) and then Uegassed. The loading cnmb was inserted at the 
top between the two plates and the stacking gel was poured in between the 
comb and thtr gel.

After the stacking gel had polymerized the comb ana bottom spacer ware 
removed. The plates were then claaped into the tank. Running buffer <144 g 
glycine and 30 g Tris; in 1000 ml) was diluted * t 9 with distilled water 
and then poured into the upper and lower buffer chambers. 10 Hi or 
20 HI of sample were mixed with an equal volume of glycerol. This was 
heated at 90* for 5 ainutes. The saapie was loaded using a micropipette.
The anode was in tne upper chamber and the cathode in the lower one.

The gel was run at either ISO volts for 5 hours or 40 vpzlts overnight. 
Bromityhenol blue was used to indicate how far the samples had run. When



the bi-omophenol blue indicator had reached the bottom the power was 
switched off. The plates were remov.-d from the apparatus, separated and 
the gel dislodged. The gel was stained for 90-120 minutes in a solution of 
Coomassie Blue (1 g Sigma Brilliant Blue 6 "in a solution of 1000 ml water 
i 500 ml methanol s 75 ml glacial acetic acid). The gel was destained In 
destaining solution (1000 ml methanol and 150 ml acetic acid diluted Ao 
2000 ml with distilled water) until the protein bands were clearly 
visible. The dest.'ining solution was changed 2-3 times.

2.5.6 Enivme storage

As 50? glycerol does not freeze at -30*C the enzymes were stored as 
SOX glycerol solutions in 2 nM DTE at -30eC.

2.5.7 Molecular weight determination

The molecular weights of the FPP synthase and 6-CPA syntheses molecules 
were estimated using the Ultregel AcA 44 gel filtration column. Molecular 
weight markers were purchased from Sigma. The markers used were alcohol 
dehydrogenase (150 000), bovine serum albumin <66 000), egg albumin 
(45 000) anu '■arbonic anhydrasa <29 000).

Masses of around 3 mg af the markers, together with blue de/e trait 3000 
(Sigma), were dissolvr-' In 2 ml of distilled water. A small amount of 
glycerol was added to increase the viscosity of the solution and thereby 
ensure a more uniform load on the column. The column was loaded and run 
overnight at a flow rate of 13 ml/hr. Fractions of 3% ml were collected 
and read at 254 nm and 226 me to deter, ine protein. Samples of enzyme were 
run under identical conditio directly after the marker proteins and the 
active fractions determined by assaying for their activity.

The logic of the molecular weight was plotted against the ratio of 
F/Fp where F ;□ the fraction nurtiber and F0 is the number of the 
fraction where the blue dextran eluted from the column. A calibration 
curve was constructed and the molecular weights of FPP synthase and 0-CPii 
synthase then read off the calibration curve.



CHAPTER THREE



Various problems were experienced in ensuring that the assay results 
reflected the true situation apropos enzyme activity. These problems were 
firstly in distinguishing between IPP-DMAPP isomerase and FPP synthase in 
the absence of a gas chromatograph with a detector capable of detecting 
either of the products of the enzymes at the concentrations used in the 
assays, and secondly in the assay of g-TPA synthase. Radioactively 

labelled 1*6 DMAPP could not be purchased commercially and bulk 
’ preparation and storage of DMAPP wa inadvisable since it was unstable 
even when frozen at -30eC. Therefore the porcine liver isomsrase (2.2) 
was used to provide immediate supplies of DMAPP for the assays. Since the 
assays for the purification needed only to be relative, any discrepancies 
in the absolute amounts of DMAPP present were of little consequence so 
long as there was an excess of DMAPP present.

The method used to distinguish between FPP synthase and isumerose was 
as follows. Both enzyme preparations were assayed at pH 7.6 and at pH 
6.0. The conditions of the essays were in all other respects the same.
The enzyme activities of the assays were compared. It follows from the pH 

optima reported for these two enzymes (McGrath gl_, 197?) that, where 
the chat.-P from pH 6.0 to pH 7.6 resulted in an increase in tne E-nxyme 
activity, the enzyme was FPP synthase and where the converse was founc, 
the enzyme was the isomerase. This method enabled the r»*ati‘/-j positions 
of the enzymes on < "on from the Ion exchange and gel filtration columns 
to be determined, where pure FPP synthase was assayed the actual enzyme . 
units measured was In fact half that observed since two labelled 1HP 
moieties combine with one unlabelled DMAPP moiety.

The assay for the A-CPA synthase was modified from that of McGrath 
et al_ (1976, 1977). Instead of silica tic plates being run or the samples 

being steam distilled, they were loaded onto Whatman 3MM dicks and the 
volatile alcohols evaporated in a stream of hot air from a hair dryer.
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Comparative studies were done to determine whether this modification gave 
similar results to the silica plate method of McGrath et aj. (1976) and the 
results were always found to be within 4 X of each other.

McGrath et al. (1977)' reported that 6-CPA synthase wee not susceptible 
to denaturing by EDTA but rather was susceptible to manganese sulphate 
while the converse was true for the isomerase. FPP synthase was suscep­

tible to both EDTA and to a lessor extent manganese sulphate. A report by 
Cress et, al. ($981) reported another secondary metabolic enzyme, dimethyl- 
allyl pyrophosphate $ L-tryptophan dimsthy.lallyltransferasB (from 
Ctavicees so. SD50)> that shvws a similar lack of susceptibility to EDTA.

An attempt was to establish whether this lack of inhibition of g-CPA 
synthase could be reproduced and whether it could then be used to advan­
tage in the assay of (8-CPA synthase. In the fl-CPA synthase assay the 
addition of EDTA to the porcine IPP-OHAPP isomerase after it had beerx 
allowed to equilibrate would obviate the need to inactivate the porcine 
isomerase by boiling prior to the addition of the fungal 6-CPA synthase 
being assaytd. Furthe<-morp EDTA would negate any effect that contamin­
ating fungal Isomerase might have on the amount of DMAPP available f»r the 
6-CPA synthase. Tht* StandArd assay prsr.eiure fur A-CPA Synthase, m s  used
12.1.1) with the exception thet inactivation by boil M g  of the porcine 

isomeras: was initially replaced by the audition of various concentrations 
of EDTA, Later bailing the porcine isomerasu was used in addition to the 
addition of EDTA. Thuni initially EDTA wee intended tn rwpiacr boiling in 
order to inactivate ih| ieomerasR. The rationale behind thi.'use of EDTA 
w£m so that the pool of DMAPP produced by the porcine isomerase would not 
increase through the action of contaminating fungal isoeir.ise durln? the 
period of the g-CPA synthase assay and thereby.lead to dissimilar DMAPP 
concentrations in the respective assay tubes.

Because 5 raM iragneBium sulphate was present in the assay mixture 
concentrations of 0 mM, 1 mN» 2 mM, 3 mM, 4 mM, 3 eM and 6 mM ECVA wc„ n 
ttxamined. In other words only the i> mM EDTA, sample effectively had an 
excess of EDTA (e 1 mM) while, apart front ,ie 5 mM EDTA sample, the 
other samj-'es ail had sufficient MgStiit to activate tlie isomerase.
The results, shown in table 3 and figure 7, show a gradual decline on



concentration
Enzyme 
units /ml

NO HEM TREATMENT

0 e>M 11.65

3 aK
4 oH
5 m« 3.92
6 mH 4.59

L'EA? TREATMENT

0 bM

#.M 1
7.26
B.04 |
2.33 |

6 »M 0.57 |

Once the isobecase had reached equilibrium 
the rt setiofi HiiRture was heat treated by 
ieaersion in boiling water for a ten minutes 
to inactivate the icoifierase. Then the mixture 
was alisnc'-.ed out and BCTA to the above conc- 
ccntraiiuiis adder. clAlrp vas then added and 
the BiKture used tt, assay the 8-CPA synthase.



FIGURE 7 : A plot of the effect of a varied concentration of EDTA in
the assay buffer for fi-CPA synthase activity. The two experi- 
ecnt'S shown are firstly where the "isomerase was deactivcted 
with heat prior to the addition of the fl-CPA synthase <0) 
and secondly where the heat treatment was omoiitted and the 

EDTA relied on to inactivate the isomerase to>

I
b

I



increasing EDTA concentration. Because of the presence of 5 mM MgSOf,, 
only the 5 mM and 6 mil EDTA samples are pertinent to this discussion. In 
fact with’the 1:1 ratio between EDTA and. MggSO/, the results mimic the 
RggSO* titration curves reported by McGrath et. al. (1977) for the fungal 
form, and Holloway and Popjak (3966) and Banthorpe et al. (1977) for the 
porcine form of tnp isomerase. Examination of the S mM EDTA (effectively 

no free EDTA or MySDz,) and 6 mM EDTA (effectively 1 mM free EDTA) samples 
in the table (no heat treatment) show a slight increase (3.92 to 4.59) when 
free EDTA becomes available. This increase as free EDTA became available 
was found reprodueibiy when immersion in boiling water was not used but it 
was never observed when heat inactlvatien was used. In order .to exclude 
the possibility of more DMAPP being produced, by isomerase that may not have 
been inactivated, a second experiment was done. In the second experiment 
the porcine isomerase was boiled after the addition of the EDTA. The assay 
misture was cooled to 30eC after which 6-CPA synthase was assayed. With
the exception of the increase from 5 mM EDTA to 6 mM EDTA the results were 
similar to those obtained without heat inactivation (table 3).

It is clear that the addition of free E )TA did show an increase in the 
amount of 6-CPA produced and therefore the activity of the fl-CPA synthase 
did increase. Why however this enhancing effect of free EDTA was lost when 
tie porrine isomerase was inactivated by boiling is unclear. Care was 
taken to (insure that the boiled reaction mixture had returned to 30eC 
before the addition of the fl-CPA synthase so any det-iieental effect on the 

6-CPA synthase was, prevented. Furthermoi, no ready explanation csn be 
offered for the higher enzyme units for EDTA concentrations 0 mM - 4 mM 
than that of 6 ffli-i EDTA which is meant to favour the fl-CPA synthase. 
Repetition of the assays In the complete absence cf -any cations together 
with a well defined I>MAPP (i.e. a pure synthetic torn) would tie desirable 
to verify whether or not fl-CPA synthase is susceptible to EDTA. tfgwever in 
the context of thio investigation the inhibition of the isofnerare by EDTA 
was not" proven and therefore not incorporated in the 6-t'PA s/nthace assay 
pr6CGdU"B.



3.2 PURIFICATION OF PIS LIVER ISOHERfiSE

The purpose for Initially purifying the porcine liver enzymes was 
two fold. Firstly because a source of IPP-DMAPP ieomerase was needed to 
convert IPP to DMf.fP for the fl-Crft synthase assay. Only partial 
purification of the isomerase was necessary for the purpose of these 
assays since only factors that could reduce the concentration of DMAPP 
would interfere with the assay procedure. Thus the isomerase 
preparation had only to be free of FPP synthase and phosphatase 
activity. Holloway and Popjak (1967, 1969) assayed for phosphatase and 
at no stage found it to be a consideration apropos their isomerase 
assays. The contaminating FPP synthase on the other hand would have 
reduced the DMAPP concentration 6y combining it with an IPP unit to form 
GPP and then with another IPP unit to form FPP, the final product of FPP 
synthase. Therefore the isomerace had to be free of FPP synthase. 
Porcine liver was used as the source of isomerase rather than a fungal 
source firstly because 4-CPfl synthase, which also utilises DMAPP, Is 
absent in porcine liver and secondly because vhe porcine liver isomerase 
is both more stable and has a higher enzyme yield per gram of starting 
material than the isomerase of fungal origin.

The second purpose for using porcine liver as a source of enzyme was 
to establish a purification protocol for the subsequent purification of 
the fungal enzymes.

While the resolution on the AcA 44 gei filtration column wat shown 
to separate the isomerase from FPP synthase, the ion exchange step was 
used as a further purification step for the Isomerase as trace amounts 
of FPP synthase contaminated the Isomerase preparation. A typical 
purification profile of pig isomerase is shown in table 4. The 
isomerase eluted from the AcA 44 gel filtration column immediately after 
haemoglobin which was used as an indicator of the isomerase's position. 
FPP synthase was found to elute just before haeeolglobin. This is



TABLE 4 $ A typical purification profile of porcine liver 
IPP-OMAPP isomerase.

F-action

Filtrate (cowplgd assay) 
Protein cone, mg/ml 
Enzyme units * U/ml 
Specific act.

Gel filtration 
Protein cone. 
Enzyme units 
Specific act.

Ion exchange 
Protein cone 
Enzyme units 
Specific act.

Storage coneontrata 
Protein cunc mg/ml
Enzyme units U/ml
Specific act. U/mg

The gel filtration and inn exchange results 
reflect the peak fractions of the elution 
profiles. The storage concentrate is the 
stack isomerasse that was -,rd in the assay 
for the ft-CPA synthase.



consistent with the findings of Holloway and Fop.iak (1968). The
separation of the isoieerase and FPP synthase can Ae clearly seen in the
elution profile of the AcA 44 fractionation (figure 8); FPP synthase iv 
tftv first peak (tubes 12 - 14) and isoieerase the second one (tubes

Tubes 18 through 21 were poolel and loaded onto a DE ?2 ion exchange
column (11.5 cm x 2.6 cm). The ant vines 'vere eluted with a linear
gradient of 100 mM-400 mM Tris HC1, pH 7.5, E mM DTE (figure 9). The 
fractions were assayed for enzyme and protein activity. The active 
fractions of FPP synthase-free isomerese were pooled and the buffer 
exchanged on a Ssphadex 6-25 column (30 era x 0.9 era) equilibrated with 
10 mM Tris HC1, pH 7.5, 2 mM DTE. The pooled fractions were 
concentrated two fold on a Amicon PM10 membrane, aliquoted into 
500 )U fractions and stored in liquid nitrogen.

This concentrate formed the basis of the stock of isomerase that was 
used for the preparation of DMAPP from IPP in the assay of the fungal 
enzyme, fl-CPA synthase. On storage the isomerase had a specific 
activity of 1.07 enzyme units/mg and a protein concentration of 
0.14 mg/ml. The purification factor for the storage concentrate of the i(- 
isomer ase war. 6.3. tlhilo reported values of homogeneous isonerase arc 
considerably higher than thic (Banthorpe gt gl_, 1977), the isonerase was 
essentially free from FPP synthase activity. Notwithstanding the fact 
that the isocsorasc was only partially purified, after the separation 
from the FPP synthase it was stored m  ‘.aquid nitrogen for long periods 
of tiiso. Boo# loss of activity on storage did occur but this was found 
to be reversible by the addition of 8 mM ET2.
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FIGURE 9 s The elution profile of porcine liver loomerast 
ion exchange resin (SO m x cm) using a »00 t 
Tris HC1» pH 7.0, 1 mM ATE buffer. Fractions o-
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1.3. THE ORGANISM s PeniciUiMa cvcloaim

Growth of the organism was achieved in a reproducible manner with less 
'! than 10 X variation between successive growths. Fungi, like other

microorganisms, have a genome.that mutates easily and is possible for 
the pathway Responsible for the production of a secondary metabolite to be 
switched off or lost entirely under certain circumstankps. The starter 
cultures-of Penicllliua cvclooiq# that were to be used fpr the primary 
intecula were freez^ dried agar slants stored in liouid nitrogen. To 
establish whether the freeze driet|j slants still had the facility to 
produce «- and 8-cyclopiazonic acids, the slants were used to 
innoculate a growth using the standard culture medium. After five days the 
growth,of the seconoary innoculum was stopped and the mycella and 
filtrates extracted with acidified chloroform. The extracts were run on 
tic plates in an ethyl acetate s methanol : cone ammonia (20i3i3) system 
and were sprayed with van Urk’s reagent. The tic plates showed that both 
cyclopiazonic ac|ds were produced and hence the freeze dried slants were 
used for starting the primary innocula.

!l
The filtrate from the secondary innoculum was assayed for enzyme 

activity using the coupled assay supplemented with unlabelled DMAPP. No,, 
enzyme activity was found in the filtrate. This finding is consistent with 
the findings of other workers (McGrath till, 1977). It follows that the 
enzymes in question must be present in the mycelium. The presence of the 
cell wall surrounding the mycelium presented a problem. The cell wall, 
being far extra rigid than the cell membrane, meant that a far harsher 
means of cell rupture had to be found for the fungal mycelium than was 
used for the porcine liver. McGrath Si il (1976, 197%) used an ice shear 
pretis to rupture the mycelial cell walls. Th»y however found that their



enzyme preparations were unstable. Furthermore they found that the 
protein- themselves showed varying characteristics when analyzed using 
convention*! protein chemistry methods. Herman (1985) on the other hand 
reported that the^ise of acetone-dry ice yielded a stable enzyme 

preparation.
Comparison of acetone dried mycelia with mycelia prepared by extensive 

homogenisation shewed that five times more protein was derived from the 
acetone-dry ice method (part one, table 5). The enzyme units from the 
acetone drtrd myciilta as measured by the coupled assay were up to nine 
fold,-greater than those cf the figmogenat#. Two points are interesting to 
'.Jte here. The first is that comparison Of the protein concentrations 
suggests that homogenisation failed to successfully rupture the mycelium. 
The second point is that, while the overnight reconstitution produced- 50 X 
mure enzyme.units than the 2 hour reconstitution, their protein concentra­
tions are similar. This strongly suggests that the enzymes are associated 
with subcellular structures such as the cell membrane.

As e result the preparation of a dry 1ce-acetone pbwde: was utilized 
to rupture the mycelial cell wall. Initially immersion in the acetone-dry 
ice mixture wai repeated a second tin# to make sure all the water 
molecules had been removed from the mycelial preparation. However a 
comparison of single end double wach^preparations showed one and a half 
times the yield of enzyme Units for a single wash compared to # 0  washes 
(part one, table Hence for the acetone dri'eA powder method « singlê ’ 
wesh was used swJosively thereafter. { ' ^

L»ter hwiev,.,r * freeze dryer became available and, as the reconsti- " ' 
tutsd pr-qsArettene fro* acftone di i|d powders were ndt sufficiently stable 
for purification of tl* wntyews, thityJjthod was also investigated as a 
means sf fupturirij nsceiial cell wall..Part two of table S shows a 
cornijariscn r>~' thK1 .'.s#tone-dry ice,and freeze drying methods of mycelial 
rupturet ,.4s' k two of the table It can be seen that the freeXi dried 
myceVJfcli seeded more protein and more enzyme units than the acetone dried 
ff.yeeUr j7h$ specific activity of the acetone dried powder method was 
significantly lower than the freeze drind (3.24 U/mg as oppoerd to 5.03



TABLE 3"i A Comparison of . methods of rupturing the fungal mycelium, f /

Protein

nr-mg/ml

Enzyme
mUnits

Specific
activity

mU/mg

PART CWE 

Acetone dried
1 wash (l.Olg) „

9  2 washes (Q,9Sg)

Homogentate
j centrifuged

Filtrate.
I Hemogenate J 
1 not centrifuged ’Lea

PWT TWO :v 

Acetone dried
nitrate medium
aspartate medium 0.39

Svpew-^ied '
nitrate medium a.b o.
aspartate eediuaf 1.45* 7.30

The masses given^for the acetone dried mycelia are the 
dry weight(yield* of B growth* (fiOOml) of culture medium.



U/nig) and so freeze drying, as a method of cell wall rupture, was the 
method of choice for the purification.

It became apparent during the investigation into the einst optimal 
buffer constituents that the method of.,mycelial rupture had only an 
indirect effect on the stability of the fungal enzymes. Several other 
workers working with enzymes from fungal sources reported that the enzymes 
were markedly unstable in comparison to enzymes from vertebrate forms 
(Cress £$. al, 19B1« Eberhardt and fiilling, 1975 and Lee gt al. 1976). As a 
result a comparative study was undertaken in order to establish whether 
the ice shear press method used by McGrath g.t gj, (1976, 1977) was directly 
responsible fs-r the unstable and variable characteristics found by ĥe(i„ 1 
The study was undertaken in two parts - ffirstly toe stability of the crude 
preparation arid secondly the eluent from a cation exchange resin, Whatman 
DE 53i were examined. In keeping with the conditions used by McGrath et a! 
(1976, 1977) the sulfhydryl reductant used in this comparison was 2 mM 
6-mercaptoethanol. Together with 6-mercaptoethanol 1 mM EDTA was used in 
the 10 mM Tris HClt pH 7.9 buffer. The results are shown in table 6.

Unfortunately the pressures used by the* could no't be reproduced on 
the press and the mycelium was ruptured at between a third anti a half of 
the pressure uied by them (200-300 psi in place of 600 psl). The table - 
shows the assay results of the crude preparation and the eluent from the 
DE SS ion exchange. McGrath in a personal communication indicated that 
loss of activity on elution from the column *aa rapid^^immediate. Hence 
both sets of assays were only done 6 hour^/after the enzymes had been 
eluted froiTi the ion exchange. If a rapid loss of activity had occurred on 
elution from the ion exchange column then no activity would have been 

, apparent after this fcSme perioc). A* activity was observed after the lag 
period this investigation f^Vpd to implicate directly the ice shear press 
method irt the instability founi) by McGrath et *1. Equally it failed to 
conclusively prove the converse. A major contributing factor in this 
investigation that would re have to be eliminated is the lower pressures 
used. While 600 psi may damage proteins, there is nothing to suggest that 
200-300 psi must necessarily follow suit.



Tfttrtl.E 6 i A comparison of mycelial rupture using a ice shear press 
with those of preparing acetone and freeze dried powders.
Two sources jere used - the crude preparation and the eluent 
from a DESS ion exchange column. ND = .not determined.

mg/ml

Specific 
activity 

fflU/mg .

CRUDE PREPARATION |/

Freeze dried 11 
nitrate medium

v-
aspartate medium 7.30

Acetone dried 
nitrate medium e . s o
aspartate medium 0.39 1.25

Ice shear press 
nitrate medium .. 0.63 3.30
aspartate ledium 0.39 3.24

ION EXCHANGE ELUEhi 

Freeze dried
nitrate medium. ND ''' ND
aspartate meditto 0.60 ND

Acetone dried
nitrate medium
aspartate medium 1.02 ND

Ice shear press
nitrate medium ND
aspartate medium



3,3.3 Development of the culture medium

Fungi have a very primitive fore of homeostatic regulation to maintain 
a constant overall metabolic balance and consequently they tend to respond 
to the circumstances of their environment in a very direct way. They tend 
to grow at the fastest possible rate when there is a plentiful supply of 
all the essential nutrients. When these one or more of nutrients are 
depleted the basal metabolic rate decreases and the organism’s metabolism 
becomes unbalanced as various primary metabolic pathways are slowed or in 
some cases reversed to provide the organism with the missing essential 
nutrients. Neethling and McGrath (1977) demonstrated-this by measuring the < 
depletion of ?ipid material over the course of a growth.

feature of an uncontrolled rate of growth is that an inordinate 
amount * insoluble material is synthesized by the fungus in the form of 
cell walls and membranes. Tht immediate consequence of this is that for a 
given mass of fungus far less i aluble protein is obtained than for example 
porcine llveY\^uhsequentially a ’argaf amount of mycelium is needed to 
obtain a sufficient quantity of the enzymes in question for their 
purification einci^these enzymes are soluble or at most weakly bound to 
the call's inner membrane (McGrath gj, & V  1977). For this reason it was 
therefore desirable to maximize the mycelial mass per flask in order to 
increase the overall yield of the enzymes. Whil̂ i the specific yield of 
enzyme per gram of mycelium would in all likelihood remain the same, the 
increased mass would mean an increase in the total enzyme present in the 
mycelium. ,,

Neethling^nd McGrath (1477) showed that,, the depletion of nitrogen in 
the culture medium was an important factor for switching the Belaboristf 
from the growth phase (trophophase), where the none If the nutrients are 
limiting and growth is exponential, into v-ryclopiazonlc acid prod­
uction phase (idiophase) where the nitroge v-urx* is depleted and the 
growth rate has slowed completely. It, has been shown that if the nitrogen 
source is kept constant, increasing the concentration of the carbon source 
(in these experiments limited to glucose) favours the production of other

i



secondary metabolites at the expense of o-cyclopiazonic acid (Mover and 
Luckner, 1969, Holzapfeli 1980). While the aim of this section was to 
increase the mycelial mass yields, it was essential to ensure that 
ft-cyclopiazonic acid production was not lost. Bearing in mind what has 
been mentioned apropos the nitrogen source, it is clear that the most 
suitable nutrient to manipulate in order to increase the mycelial mass 
yield was nitrogen. Thus in these experiments to increase the mycelial 
Hass yield the nitrogen source was the only one that was altered - 
Otherwise the culture medium used was the standard medium (table 1). Where 
trw concentration Of Ytjtrzitfen source was substantially increase <
>30 X over that of the standard medium) it was assumed tiiat the glucosu 
concentration could also be increased by a similar amount wl-thut 
upsetting the nitrogen / glucose balance to any significant extent (see 
cultures 19 to 81, table 2 above).

A series of four growths was undertaken in order to improve the yield 
of mycelial mass per culture flask (i.e. 100 ml). This was done by varying 
both the concentration and the nature of the culture medium nitrogen 
source. The results of these four growths are summarised in tables 7

Neethling (1972) reported that utilizing corn steep liquor as the 
nitrogen source for growth gave a ten fold greater yield of mycelial mass 
than that of sodium nitrate, the nitrogen source -:jed in the standard 
culturtl medium. Herman (1985) also reported an increased m46s of iNycelium 
using corn steep liquor as the nitrogen source. However the batch of corn 
steep liquor usert in these growths -failed even to match the masses
achieved with the standard culture wdium (tables 7 fc fl).

Two other general culture media for fungi, Oxoid wycologieal peptone 
and Oxoid malt extiast broth, were also examined. Malt extract broth 
contains sufficient carbon source in itself and thus with one exception 
the growths using this nitrogen source contained no additional glucose. 
Despite this the malt extract broth-based cultures yielded about half the 
mass when compared to the standard culture medium (cultures 4, 6 and 9).
The addition of glucose to culture 9 in growth 2 showed that the Ink of



TABLE 7 : Mycelial mass yields of cultures grown with varied culture 
medium •nitrogen sources - 1.

1 Nitrogen source
g/litre

Kfldia pH after 
growth

Colour

1 Sodium nitrate 5.80 «hite
Corn steep liquor light brown
Mycological peptone

1 * Malt extract broth 6.60 1.88 0.7B milky brown

Standard culture media apart from the nitrogen sources wer* used. 
Glucose was omitted from tka malt extract broth culture. The mait 
extract broth and the mycological peptone were from Qxoid. The malt 
extract broth contain^] 15% mycological peptone by weight.
All cultures were grown for 5 days and were dor ' in duplicate.

TABLE B i Mycelial mass yields of cultures grown with varied culture 
medium nitrogen sources - ?.

Nitrogen source
, / m , . pH pSroi;r

Dolour

3 Sodium nitrate 5.5S white
1 6 Corn steep liquor light brown

7 Mycological peptone
8 Malt extract brothM 6.14
9 Malt extract broth 4.97 yellow/brown
10 Sodium aspartate 5,04 3.80 riitta

Standard cuixtire medium was used with the exception of the nitrogen source« 
The Malt extract broth(-) culture had no glucose added to the medium,.
All cultures wvre grown for 5 days and were done in duplicate.



TABLE 9 $ Mycelial mass yields of cultures grdwn with varied culture 
medium nitrogen sources - 3,

Nitrogen source x Media
growth

Absorb Colour

Sodium nitrate.' k.9B 0.3EW beige
Sodium nitrate 4.95
•Sodium nitratw
SotiiVm aspartate
Sodium cspartate mustard
Mycological peptone 1.48
Mycological peptone 1.83 b.„.

The standard culture medium was used with the exception of the nitrogen source. 
The ..absorbance at 280 ,hm is that of the chloroform extract of the acidified
culture medium at the end of the growth period. This estimation gives an
indication of the possible presence of o- and 6-CPfl.
All culture* were 5 day growths and were done in duplicate.

!
TABLE 10 s Mycelial mass yields of cultu*es grown with varied culture 

medium sources and an enhanced concentration of 80 g/1 of 
glucose.

Nitrogen Source
g/litr.

Glucose
"pH**

pH after 
growth-

IB Sodium nitrate
Ij

f '4.5 60.0 5.4,0 6.A0
19 Sodium nitrate clear Wiite
20 Sodium nitrate milky white
B? Sodium aspartate milky white

Stand.rri culture media witli the exception of the nitrogen and carbon sources 
were uhtd. Cultures S to A were supplemented"*:th an additional SO g/1 of 
glucose (90 g/1 total concentration).
Estimation of. the a- and fl-CPfl concentrations >iif hot done.
All culture»"were 5 day growths and were done in duplicate.



growth was not due to insufficient glucose. The. contrary was observed in 
that when the malt extract broth was supplemented with glucose, the 
mycelial mass yield was decreased. Halt extract broth was discarded a* a 
potential nitrogen source in the third and four growths.

The initial growth with mycological peptone as the nitrogen source 
failed to match the mycelial mass yields obtained with the standard 
culture medium (culture 3). In thy second growth mycological peptone was 
used in comparable gram amounts to sodium nitrate and the growths gitve 
equivalent mycelial mass yieldy (culture ?). In the third growth <table 91 
the mycelial mass yields for thti mycological peptons-basatl culture medium 
were high. However the complete a^sentis of o-cyclopiazonic acid in the 
filtrate led to this nutrient being discarded as an alternate source of 
nitrogen in the culture medium. \

Neethling (1972) also reported high mass yields for aspartic acid, 
serine and glutamic acid amongst other nitrogen sources that she tested. 

Aspartic acid in the form of sodium aspartate was examined as a potential 
nitrogen source in growths two, three and four. The masses obtained from 
tTOWths based on sodium aspartate were in all cases similar to those of 
'*i<» equivalent diass of sodium nitrate. In the third growth the addition of 

an extra 3 g/1' to the culture medium resulted in a minimal increase of 
mass and hen̂ L- 10 g/1 was selected as the concentration for the fourth 
growth.

For the third growth (table 9> the filtrates were acidified anti extrac­
ted with chloroform in order to determine whether using the increased 
nitrogen sources the organism was still producing a-cyclopiezcnic acid 
over the period of growth. The absorbances at SBO n* of the extracts are 
shown in table 9. The absorbances from the sodium aspartate-based culture 
media were slightly ItiWer than those of the nitrate-based culture media 
while the mycological peptone-based growths showed similar but erratic 
.itisorbances. Saeipjejl of t&e filtrate extracts <30 Ml) from the 6 g/1 
sodium nitrate-based (12, table 9) and the 9 g/1 souium aspartate-based 
(14, table 9) cultures as well as both of the mycological peptone-based 
cultures (Bg/1 and ISg/l) (16 & 17, table 9> were loaded on a HPTLC plate



and run in an ethyl acetate : methanol i '..one ammonia (25:3:3) system. The
plates were stained with van Urk’s reagent to de^ct for the presence of 
indoles. The result is shown in figure 10. It is evident that there was no 

o- and 6-cyclopiazonic acid present in either of the extracts of the 
mycological peptone-based cultures, o-cyclopiazonic acid was however 
present in roughly equal amounts in both the nitrate and aspartate-based 
culture media. Mycological peptone was thus, discarded as an alternate 
nitrogen source.

In the fburth growth (table 10) the two promising nitrogen sources, 
sodium aspartate and ionium nitrate were used in concentrations of 6 g/i 
and 9 g/1 in the case of the former and 10 g/1 in that of the latter. The 
glucose concentration was raised by 20 g/1 to BO g/1. The continued 
production of e-CPA in cultures grown with changed nutrient 
constituents havihg been established in the third experiment, no 
determination of eyclopiaronic acids was done in this experiment. The 
results are shown in table 10. It can be seen that the increased glucose 
led to roughly a, 20 % increase in the mycelial mass per growth.

Having achieved a signifUe.nt (40 X) increase in the mass yield, the 
enzyme yields of mycelia grown in sodium aspartate and enriched nitrate 
were examined firstly te unsure that the enzymes in question were still 
produced and secondly to determine the enzyme yields from these nitrogen

In section 3.3.3 it was shown that increased mycelial mass yields 
could be obtained by varying the nitrogen source present in the culture 
medium. It was also shown that this did not markedly affect the production

per grats of mycelium would be similar to those of the standard medium- 
knsed cultures. The investigation in this section set out to establish

sources.

of m-cyclopiazonic acid. However it was assumed that in the cultures 
grown with a different niMrjen source the specific yields of the enzymes



FN^JRE 10 s comparison of, a-cyclti^iazonic acid production t 

tic plates from 5 day growths on culture media th
/ 3 nitrogei. sources. These nitrogen sources are 

(a) 6 g/1 sodium' nitrate-based (12, table 9)> <b) 9 g/1 
sodium aspertateHjased (14, table 91, and (cl 8 g/1 and 
(d) 15 g/1 mycologicat peptone-based cultures (16 & 17, 
table 9). The blue stain on the tic plate is the positive 
van Urk’s stain for the presence of indoles.

(»> (b) (cl (dl



64
whether this was in fact a valid assumption.

Having found that enriched nitrate-based afiu-aspai tate-based culture 
media yielded increased mycelial masses per litre of culture medium, the 
yields of enzyme units were determined for these two culture media. The 
enzyme ylipld from the standard culture medium, which was used as the 
control, was also determined. The myct'lia were reconstituted 10 mM Tris 
HC1, pH 7.9, p. #M DTE and centrifuged and filtered to form the crude 
preparation, >:>v further purification was carried out end the coupled assay 
was used to determine the relative enzyme activities.

The Mature of the nitrogen source is in itself a factor affecting the
rate of growth of the organism. Sodium nitrate is converted by the fungus
into ammonia befpre it is tstilized. Aspartate is converted to fumarate and 
ammonia through the action of aspartate amsonia-lyase. Given that aver the 
period of the growth phase the ratio of enzyme to mycelial mass is likely 
to be. fairly, constant and that the rate of growth of the fungus could well 
vary with the nature ot the nitrogen source, the yield of enzyme may vary 
with the length of time that the culture was grown for. To this end the 
day on which the concentration of enzyme was maximal was determined by 
carrying this study out over a four day period. The secondary innocula 
were removed on days two through to five for this purpose. The results are 
shown in table 1! and figures 11 and 12.

From table 11 it can be seen that the second day of the secondary
innoculum produced the highest number of enzyme units. This is in 
agreement with .McGrath gi. <17771 who found the maximal enzyme 
concentrations after 56 hours of culture. For the aspartate-based growths 

preparations on day 3 had 24 X of the activity of day 2. The nitrate-based 
growths showed similar losses from day 2 to day 3. The fall in enzyme 
activity would be consistent with the switch From the growth phase to the 
idiophase at the time. In other words the nitrogen becomes rate limiting 
and the metabolic balance of the organism becomes unbalanced and protein 
is broken cow. The rest of the discussion in this section will centre on 
the results of day 8.



TABLE 11 i The optimal production of 2» 3i 4 and 5 day growths of FPP 
and 8-CPA syntl-»seB using enriched nitrogen c re media.

Culture
Medium

Growth
pH

Mycelial

g/lOOml /assay

Enzyme

Sodium nitrate 2 ND -735 ■
450mg per flask
Glucose
6g per flask

Sodium nitrate
ICOag per flask
Glucose
Bg per flask

Sodium aspartate
1000mg per flask

Glucose
8g per flask

ND « not determined.
The mycelial yield is per 100 ml of culture medium. The assays 
were for 5 minutes and 200 M  of enzyme extract was used.
All samples were dom> in duplicate.



FIGURE 11: A plot of the enzyme activity of the enzymes from cultures 
grown over » four day period on culture media containing 
4.5 g/1 NaNOa (e>, 9.0 p/J NaNDa f») and 10.0 g/. 

aspartate (o). The glucose concentrations of the last two 
cultures were BO g/1 each while that of the first culture 
ttas 60 g/1.

t a e w  b f  eraurw  o f t*  s e r o e w r  iw o e u u ii '  n * ,*



FIGURE 18 s A plot of the mycelial mass yields of cultures grown over a 
four day period on culture media containing 4,5 g/1 NaNOg 
(©>» 9.0 g/1 NaNOg (») and 10.0 g/1 aspartate <o). The 

glucose concentrations of the last two cultures were 90 g/1 

each while that of the first culture was 60 g/1.



It is also evident •from the table and the figures that the 
aspartate-based cultures on the second day yielded twice the amount of 
enzyme compared to the enhanced nitrate-based cultures and two and a half 
times compared to the standard culture medium. The enhanced nitrate-based 
culture medium showed a parallel increase in enzyme yield over days 2, 3 
and 4 when compared to the standard culture medium (figure 11). This is 
consistent with the assumption that while the enzyme would increase with 
increasing mycelial mass, the specific yield (U/g mycelium) would remain 
constant.

Once the aspartate-based culture medium had shown an increased yield 
of mass and specific enzyme yield, the stability of the aspartate-based 
culture medium was compared to that of the nitrate-based culture medium.
It was found that reconstituted mycelium from the aspartate-based culture 
medium had a similar stability To the reconstituted mycelium from the 
nitrate-based culture medium. The comparable stability of the 
aspartate-based culture medium, together with its higher yields of enzyme, 
led to it being used for the bulk preparation of freeze dried mycelial 
powder for the purification of the enzymes. But betore the enzymes were 
purified, their stability in reconstitution buffer had to be optimized.

3.4 STABILITY OF THE FUNGAL ENZYMES

The buffer initially used for the reconstitution of the acetone dried 
powder was 10 mM Tris HC1, pH 7.0, 1 mM DTE and 1 fnK EDTA (Herman,
19B5). The freeze dried powder used for enzyme purification did not 
yield uniform reconstitutions - nor were they sufficiently stable for the 
purification of the enzymes, In order to improve this for the 
purification process, the elements of the buffer were individually 
examined. The aim was to optimize the stability of the reconstituted 
mycelium and to determine whether any particular element of the buffer was 
destabilizing the reconstituted mycelial preparation. The minimum period 
in which the purification could be effected was three days and thus the



I
loss of activity ovter the three day period was taken as the criterion for 
the optimization of the reconstituted mycelium. All concentrations of the 
buffers used in these experiments were final concentrations. The mycelial 
preparation used in this section was grown on standard culture medium and 
prepared as an acetone dried powder. The reconstitution of the mycelium 
was effected at 4*C and the preparations stored at the same temperature 
for the duration of the experiment.

The concentration of the sulfhydryl reductant, DTE, was varied from 
1 mM to 5 mM. 6-mereaptoethanol at concentrations of 10 aM and 20 mil was 
also included in this study. Otherwise the buffer was kept constant et 
10 mM Tris HC1, pH 7.5, 1 mM EBTA. The results are summarised in table 12 
and figure 13. most important feature of the results is that a 60 % 
loss was still observed after 48 hours. The increased DTE failed to reduce 
the loss of enzyme activity. Equally the alternative sulfhydryl reductant, 

2-mercaptoethano1, while showing a slightly smaller loss of activity over 
■* day*, still lost sixty percent of its activity over this period. It is 

of interest to note that both the higher DTE and 2-merraptoethanal 
concentrations <3 mM / 5 mM and 20 mM respectively) led to a more unstable 
reconstitution. One possible explanation of the greater instability of the 
enzymes fct higher concentrations of sulfhydryl reductants is that the 
reduetants themselves are Interfering with the catalytic function of the 
enzymes. The addition of iodoaeetamide, a sulfhydryl inhibitor, to assay 
solutions has been reported to inhibit FPP synthase (Holloway and Popjak, 
1968, 1969). Notwithstanding this anomaly, it became clear from the 
results that the sulfhydryl reductants were not implicated in the 
destabilisation of thu reconstituted mycelium and at the concentrations 
used in the reconstitution and purification buffers (1 mM, E mM and 3 mM) 
were sufficient for their task. Thus the study turned to divalent cations.



TABLE IE s The effect of sulfhydryl reductante in the reconstitution 
buffer on the stability of the enzymes of the crude 
preparation.

BuHhydryl rtductaat
» . ! l l/ s l  1X Less U/al X Loss

1 1 til DitbiBBrythritnl >.ti 1.17 0.2f 6.03
2 2 til DiStiioerythriiel 0,25
.3 3 til Bltiiieerythritel
4 5 til Bifiieerythrltel
5 IB til 6 - liE rcato e th ra il
6 38 til #-llerciioetli«TOl 0.18 0.04

Ihe basic la ffir centiined 10 til Trit IS! (final -  pH 8.01, ! til E1T6 (final).



FIGURE 13: The r Mlity of the enzymes of the crude preparation 
over a two day period In buffers containing different 
concentrations of sulfhydryl reductants. The respective 
concentrations are 1 mM DTE (®,— ), S aiM DTE ,
3 mM DTE (»,— )> 5 mM DTE <*,— >, 10 itil 6-MEtOH (o,— ) 
and SO mM 6-MEtOH («, —  ).

RGti or THE RECaNSTnuTtb MYCELIUM hevrr.



3.4.2 Divalent cations

The catalytic activities of the fungal forms of both FPP synthase and 
isoeerase show a requirement for divalent cations (McGrath §£. al.> 1977). 
FPP synthase had a preference for magnesium at an optimal concentration in 
6Kcess of S c.M. Concentrations of more than 1 mH Mn2+ inhibited FPP 
synthase. They also reported that 6-CPA synthase showed no requirement for 
vither divalent cation. Manganese was in fact found to have a inhibitory 
effect on S-CPA synthase while magnesium had little effect. For this 
experiment buffers were supplemented with various concentrations of both 
divalent cations to see whether the divalent cations » J any effect on the 
stability of the enzymes themselves ove.' and above their function as 
cofactt/rs for catalytic activity.

For each test the reconstitution buffer (10 raM Tris HC1, pH 7.5, 2 mM 
Z>7£ and 1 mM EDTA> was supplemented with magnesium ri'Jphate 13 mM, B mM or 
5 mM), manganese sulphate <1 mM or fi esM) or both <1 mM of each), The 
Control was not supplemented with either cation. The results are shown in 
table 13 and figure 14. Supplemental manganese had a destabilising effect 
on the reconstituted mycelium and buffers supplemented with manganese were 
thutt disregarded. The combination of magnesium and manganese (1 mM of 
oach) showed a similar stability profile to that of 1 mM manganese and was 
also disregarded based on the destabilisation by the manganese. The lower 
concentrations of magnesium (1 mM and 2 mM) however showed a stabilising 
effcct on the reconstituted mycelium when compared to the control. The 
5 mM magnesium-supplemented buffer showed less stability than the control. 
The effective concentration of tho supplemental cations was less than the 
1 mM, a aM or 5 mM added due to ti 2 chelation of the ions by the 1 mM EflTA 
present in the buffer. Providing that the concentrations of any other Ions 
presant were negligible 1 bM EDTA would be able to bind around 1 mM 
magnesium. Yhus for buffers of the most stable reconstituted mycelium>
1 rK and 2 mM magnesium, there would in fact be little free magnesium and 
no free EDTA present in the buffer. The reconstituted mycslium in the 3 mM 
magnesium buffer would have extra magnesium and the control would have



TABLE 13 t The effect of divalent cations in the reconstitution buffer 
on the stability of the enzymes o< the crude preparation.

MvilBirt cation
t o t U/ll I  Lo$« l!/il \  less y/il ^  Lees UVll X UK

1 Ito dlvtimt tii lm 9.066 I M 8.78 O.OE M
2 1 it! Xtgnesiyj Sulphate
3 E iH ttynesiii Snlpiiate
4 5 ill Hignesiee Salphate
5 1 iM Ringinesi Ealphste
i  2 iH Kangiriise Solphste
7 1 iK of Rich citii.ii

The biSic buffer toMaiped 10 til Iris Hil IpH 8,01. i efl BTEi i *K EBT6. 
All conttntratltni are final.
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FIBStE 14 s The stability of the enzymes of the crude preparation in a 

basic 10 mil Tris MCI, pH 8.0 , 2 mM DTE, 1 ibM EDTA buffer 
supplemented with 1 mM MgSO* IB,— ), 2 mM ilgSDi, <*,— 5,
3 til MgSOij <©,— ), 1 mil MnStti, (O,— ), 8 mil MnSDf, 

and 1 mM each of MgSOa & MnSCk, The
control (— ) was not supplemented with any cation.

JIGS OF RECORSTITOTED HYCSLIOM days



free EDTA - both were Itss stable than the 1 mM and 2 mM magnesiuci 
buffers. As a result it was daeidrd ». investigate the effect of EDTA 
as a chelating agent on the stability of the reconstituted mycelium.

3.4.3 Chelating agents

The effect of EDTA at concentrations of 0 mM> 3 and £ mM was 
investigated. Otherwise the reconstitution buffer remained as 10 mM 
Tris HCli pH 7.5, 2 mil DTE. No divalent cations were added. The 
results are summarised in table 14 and figure 15. The investigation 
was not carried on beyond the second day when it became clear that the 
addition of EDTA to the reconstitution buffer was a major destablllzi _ 
factor. From the table It can be seen that the enzymes of the 
reconstituted mycelium preparations where EDTA was present lost more 
then 80 X of their activity in the first 34 hours. The reconstituted 
preparation using 0 mM EDTA in the buffer had two thirds of the enzyme 
activity still remaining after two days of reconstitution. It was 
concluded that the presence of EDTA in the reconstitution buffer was a 
major destabilising influence on the reconstituted mycelium.

Hereafter EDTA was only included in the reconstitution buffer and 
an equal amount of HggS04 was always added as well. The rationale 
behind this is the operation of the Mg2+-EDTA buffer that would 
chelate other ions such as Fe3+ and Zn2+ that may have been 
detrimental to activity of the enzymes. Although, after the separation 
of the mycelium's from the culture medium in a buchner funnel* the 
mycelium's were washed in buffer, the Mggf-EDTA buffer was still 
included in case of any remaining ions that may have had a detrimental 
effect on the stability or activity of the enzymes. For buffers used 
in the actual purification of the enzymes both MgS04 and EDTA were 
omitted except for as mentioned the reconstitution buffer.



TABLE 14 : The effect of chelating agents in the reconstitution 
buffer on the stability of the enzymes of the crude 
preparation.

thelatlng igeai Proiein Vl U/Jl X Loss

1 0 «i! E6M US 0.45
.2  1 til BT*a at bita

'v  .

The bitic buffer contained 16 iM Iris  MCI (final -  pH 8.M, E «H DTE (fiwU.



FIGURE 15 t The stability of the enzymes of the crude preparation in 
a 10 «H Trls HC1, pH G.O, 2 mM DTE b'.ffer containing 
0 gtfl EOTA (xl, 1 EDTA (o> and 2 mh EDTA (a).



3.4.4 Blveeral

The effect of supplementing the reconstitution buffer with glycerol 

was also examined. A preliminary experiment showed that supplementing *hB 
reconstitution buffer with 10 X glycerol showed significant stabilisation 
of the reconstituted mycelium. Further studies on the effect of lycerol 
were carried out; first with concentrations of 10 X» 15 X and SO X and 
then with concentrations of 0 X, 2 %, 4 X, 6 X, 6 '/. and 10 X. The standard 
10 bM Tris HC1< pi] 7.5, 2 mM DTE buffer was used as the basis for both 
studies.

Firstly buffers that were supplemented with 10 X, 15 X and 20 X 
glycerol were examined. The results are summarized in table 15 and figure 
16. From the units remaining on day 6 it can be seen that increasing the 
glycerol concentration above 10 X had no measurable advantage apropos the 
stability of the reconstituted mycelium. Furthermore the increased 
concentrations did markedly increase the viscosity of the buffers at 4eC.

The reconstituted mycelium which was reconstituted in 10 X glycerol 
overnight had a third more protein and two thirds more enzyme activity 
than the corresponding buffer which had been reconstituted for only 2 

hours. One possible explanation for this observation is that the enzymes 
while being soluble might have been weakly associates with the cell 
membrane. Longer reconstitution times would result in more dissociation 
from the cell membrane and less of the enzymes being lost in the pellet on 
centrifugation. The 80 X glycerol / 1 mM MgSDi, reconstitution 
preparation yielded less protein than that of the 20 % glycerol buffer 
preparation and hence total enzyme units but was in oil other respects 
similar to the latter.

One of the problem of supplementing the reconstitution buffer with 
glycerol was that the increased viscosity of the buffer caused longer 
processing times and poorer resolution on the gel filtration column. Since 
increasing the concentration of glycerol above 10 X had no added advantage 
as far as stability was concerned concentrations of 0 X, 8 X. 4 X, 6 X.
8 X and 10 X <v/v> were examined. The other elements of the buffers were



3.4.4 Slveerot

The effect of supplementing the reconstitution buffer with glycerol 
was also examiied. A preliminary experiment shiwed that supplementing the 
reconstitution buffer with 10 X glycerol shewed significant stabilisation 
of the reconstituted mycelium. Further studies on the effect of glycerol 
were carried out) first with concentrations of 10 X. 15 X and 20 X and 
then with concentrations ofOX, g%, 4%, 6 %, 8 % and 10 %. The standard 
<0 mM Tris HC1» pH 7.5, 2 mM DTE buffer was used as the basis for both 
studies.

Firstly buffers that were supplemented with 10 X. 15 % and 20 X 
gl.'cerol were examined. The results are summarized in table 15 and figure 
16. From the units remaining on day 6 it can be seen that increasing the 
glycerol concentration above 10 X had no measurable advantage apropos the 
stability of the reconstituted mycelium. Furthermore the increased 
concentrations did markedly increase the "iscosity of the buffers at 4*C.

The reconstituted mycelium which was reconstituted in 10 X glycerol 
overnight had a third more protein and two thirds more enzyme activity 
than the corresponding buffer which had been reconstituted for only 2 

hours. One possible explanation for this observation is that the enzymes 
while being soluble might have been weakly associated with the cell 
membi inc. Longer reconstitution times would result in more dissociation 
from the cell membrane and less of the enzymes being lost in the pellet on 
centrifugation. The 20 X glycerol / 1 mM MgSCk, reconstitution 
preparation yielded less protein than that of the 20 X glycerol buffer 
preparation and hence total enzyme units but was in all other respects 
similar to the latter.

One of the problem of supplementing the reconstitution buffer with 
glycerol was that the increased viscosity of the buffer caused longer 
processing ti.'cs and poorer resolution on the gel filtration column. Since 
increasing the concentration of glycerol above- 10 X had no added advantage 
as far as stability was concerned concentrations of 0 %, 2 X, 4 X, 6 X,
8 X and 10 X (v/v) were examined. The other elements of the offers were



TABLE IS s The effect of glycerol supplemented reconstitution buffers on
the stability of the enzymes of the crude preparation - 1.

ftrcentege Pretein Bay 0 Bay 1 Bay E Bay 3 Bay 4
concentration ig/il Units Units % toss Units i  Less Units * less Units 1 Loss

10$ glycerol 0.53 1.B4 0.97 •1.04
15* glycerol.
BO* glycerol 0 1.47
BO* glycerol/
1 iK lagncsiM O.EB 0.74 5' C.4B 0.54
1M glycerol 
overnight 0 , , U l 5 1.85

Ttis easic buffer containsil 10 eM Iris  HC1 ipH P.01, i iH DIE iboth final concenlratiens) 
All cultaies i:cro reconstituted for S boors with the exception sf the 10 1 glycerol that 
is specified as overnight. No EDT6 whatsoever was added to thr reconstitution buffer.



FIGURE 16 ! The stability of the enzymes of the crude preparation 
over a six day period in buffers supplemented with 
varied concentrations of glycerol -1. These concentr­
ations are 10% (»>, 15% to), ,#% 1 vnd 1 mM MgSOj, /
SOX glycerol (*). Also includiro ' i 10% overnight

reconstitution <— ).

wcoNSTitintB mca.ii* d*v.



TABLE 16 ! The effect of glycerol supplemented reconstitution buffers on
the stability of the enzymes of the crude preparation - S.

PercentageccncentntieR w.! U/tl i Less U/il \ Loss ll/el I Loss U/il t Loss
OX glycerol i.89 t.U8 o.7aa 0.664 0.OT 70 IJU 7725 glycerol 0.193 60« glycerol. 1.37. 0.530 50 0.570 6SU glycerol 1.024 406X elycerol10X glycetol 1,726 1.255 86
The basic buffer contained 10 *H Tris HC1 (pH 7.9): 2 sH DTE !boib final concentrations) 

r flll cuihris vare reeoBstituted overnight at »*E.
«» EDT6 mt addrf to the recanstituticn buffer,



FIBJRE 1? i The stability of the enzymes of the crude preparation 

over a six day period in buffers supplemented with 
different concentrations of glycerol - 8 . These concen­
trations are OX te>, ax <s), (»K <*), 6X (e), BX («) and 
10X (— ) glycerol (final volume).
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10 fflH Trie HC1, pH 7.3 and 8 mM DTE. TTie results are shown below in table 
16 and figure 17. The results show that for the 10 X glycerol buffer the 
reconstituted mycelium was completely stabilised for the first two days, 
after which the enzymes gradually lost activity. The graphical relation­
ship (figure 17) between the concentration of the glycerol buffer and the 
enzyme unite suggest? that the initial stabilisation ot the reconstituted 
mycelium by these six glycerol reconstitutio.i buffers is proportional. 
After the initial period they lose activity at roughly an equal rate.

3.4.5 Buffer oH

Although proteins are known to be more stable at pH’s of around 8 .0  it 
was decided to examine the effect of pH on the reconstituted mycelium’s 
stability because the reported pi’s were around pH 5 and isoelectric 
focusing was planned as the last step in the purification process. The 
buffer pH's that were studied were 8.0, 7.5, 7.0, 6.5 and 6,0. The buffer 
consisted of 10 mM Tris HE1, 8 oM DTE and 10 X (v/vl glycerol and was 
adjusted to the required pH with maleic acid. Maleic acid was used in place 
of HC1 because at pH’s of less than 7.0 Tris HC1 has no buffering capacity. 
The results are shown in table 17 and figure IB.

At pH 6.0 the reconstituted mycelium showed a 49 X loss over the first 
84 hours and a total loss of 67 X by the end of the second day. The pH 6.5 
buffer showed a sharp drop in activity on the fourth day. At pH 8 .0  the 
reconstituted mycelium showed an initial drop in activity that flattened 
out and after 7 days 47 X of the activity remained. Otherwise the remaining 
two buffers, at pH’s 7.5 and 7.0, showed b similar stability profile over 
the required three day period. Following on from this experiment pH 7.3 was 
used for the purification of the enzymes.



TABLE 17 s The effect wf pH of the reconstitution buffer on the stability

of the enzymes of the crude preparation.

'"S »;! 0/il X Loss U/tl X Loss U/sl X Loss U/tl X Loss

5 1.1 l . i l ».m i! urn
Ihe basic b iff*  containeb 10 ill Tris, 2 nfS DTE ar.j 10 * glycerol. 
Be buffers wre adjusted to the desired oR’s with HCi.
All cultorei •■ere reconstituted oversight a t 4*C.



FIGURE IB i Th* stability of the tmzyaes of the crude preparation 
in a 10 eM Trie HCi« 2 *M DTE* 10* glycerol buffer-at 

pH’s of 6.0, 6 .Si 7,0, 7.5 and 8.0 . Assays were done 24 
hourly and are represented thus : day 0 (»)• day 1 ®>, 
day 2 <■*), day 3 (Z) and day 7 (O).

C>



During initial ion exchange experiments it was ouserved that the 
fungal enzymes tended to be more stable at the higher ionic strengths than 
the h = 0 .0 1 (10 mM Trie MCI) that had been previously used for all 
general buffers. These higher ionic strengths were a result of the buffers 
used to generate the linear gradient (100 mM to 400 art Tris MCI). 
Consequently a range of Tris HC1-concentrations were examined with respect 
to the activity of the reconstituted mycelium's enzymes. These 
concentrations were 10 mM, SO mM 50 mM, 100 mM and 200 mM. Each buf*w 
contained 8 mM DTE but since in the ion exchange buffer glycerol was not 
present it was decided to omit glycerol from the buffer for this 
experiment. The results are reflected in table 18 and figure 19.

From the results it can be seen that SO mil appeared to offer the 
optimal concentration of Tris HC1. Zt is interesting to note that while 
the enzymes in the lower two buffer concentrations initially lost activity 
rapidly, the rate of activity loss flattened out considerably and the 
losses from days three to seven were <0 % and 30 % for the 20 mM and 10 mM 
buffers respectively. On the other hand the 200 mM and 100 mM Tris HC1 
preparations showed stability for the first 8 days before losing activity 
at a far greater rate than t.-a rest over the remaining five days of the 
experiment. From this a buffer concent!ation of 50 mM Tris HC1 was 
selected for the purification of the enzymes.



TABLE 19 i The effect of the ionic strength of the reconstitution 
buffer on the stability of the enzymes of the crude 

preparation.

U/al Y$ Loss U/el ^  Less U/el I less U/el r$ Loss

1 SCO •« Iris HC1 O.Bi 1.5S6 SO 1.W  34
S 100 itii Trie E l
3 56 ** Tns HC1 1.484
4 SO #M Trig HE! I .M
5 10 eH Trio ffil o.as S.6C7 1.041 49 1.635 0,854 58

Be hssie buffer eontainal varying concentrations ot B is . 
Each buffer *as adjusted to a pH of- 0.6 vith KCi.
Each buffer uas supplenented Nith B sh DTE.
None of the buffers were supplemented r.th  any glycerol, 
fill cultures were reconstituted overnight at »‘C.



FIGURE 19 t The stability of the •rreyBff*. af the crude preparation 
in Tris HC1 buffer, pH 7.5, at concentrations of 10 bH, 
20 mM> 30 fats 100 mM and 200 oM. Assays were done 24 
hourly and art represented thus : day 0 <#l, day 1 <a), 
day £ 1*1« day 3 iO) anti day 7 W .
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The instability of *he fungal enzymes ! ,-d to the purification method 
that had been developed for the porcine liver being modified. Ttiese 
modifications were to satisfy two criteria «■ firstly to reduce the 
harshness with which the enzyme was handled and secondly to minimize the 
actual time spent on purifying the enzymes. These two criteria had to 
be met without compromising the resolution of the purification.
Glycerol, the major stabilizing element of the reconstitution buffer, wes 
thus included only for the initial reconstitution of the mycelium. It 
was also included at the end for storage once the various purification 
steps had all been performed. The reason for this was that, although 
glycerol was found to stabilise the enzymes, glycerol had an adverse 
affect on the resolution of the enzymes on the gel nitration and ion 
exchange steps.

Furthermore in all purification steps with the exception of the 
isoelectric focusing the pH of the buffer was kept between 7.S and 7.9 
and the buffer strength kept at 50 roM Trie HC1. Similarly the 
concentration of the sulfhydryl reductant, DTE, was kept at S mH and only 
the reconstitution buffer was supplemented with EDTA and then it was 
supplemented by an equal amount of magnesium sulphate in line with the 
ooservation of 3 .* .8  above. The time required to effect the crude 
fraction, gel filtration, ion exchange and isoelectric focusing steps was 
reduced to 72 hours. The problem of instability of the enzymes was 
further complicated by the large losses found on the isoelectric focusing 
steps. This will be discussed later <4.41.

The poor stability of fungal enzymes compared to enzymes of verte­
brate origin is well documented (Eberhardt and Rilling 1975, Takahashi et 
al 1978, Cress gt gj, 1981). A major contributing factor for this instab- 
..ity oust be *he harsh methods needed to rupture ihe mycelial well. 

Coupled with the lower relative amount of soluble protein present In a 
fungal mycelium in comparison to a vertebrate; cell, the harshness of



the method cf mycelial rupture meant that an inordinate amount of effort 
must be spent to optimize the amount of unimpaired protein extracted from 
the mycelium. The use of homogenization for the fungus was attempted 
(3.3.2) failed to przz-ie anything near the amount of protein that tne 
porcine liveir purification produced (0.11 mg/ml against 10.9 mg/ml).
Thus it was necessary to adopt a new method of mycelium rupture. The 
development of a satisfactory method of mycelial rupture is discussed 
above (3,3.2). Freeze drying was eventually adopted as it was the least 
harsh of the viable mycelial rupture methods available.

Freeze dried stocks of ruptured mycelium were prepared and stored 
for more than IE months at -30*C without any significant loss of 
activity. Two stocks of freeze dried mycelium were prepared using the 
aspartate-based culture media developed in 3.3.4 above. The secondary 
innoeula for these two stock", • ; e grown for 36 and 48 hours. For each 
purification s 5:2 ratio <*>/*•) of these two stocks were used for the 
reconstituted mycelium. The reason for this is that the 36 hour stock 
had slightly more FPP synthase than ft-CPA synthase while the 48 hour 
stock had very little FPP synthase and a substantial amount of 8-CPA 
synthase. By combining the two stocks a reasonable yield of these two 
enzymes could be achieved from the reconstituted m/celium. Both stocks 
were on occasion purified separately and no untoward effects were evident 
from the combination of the two stocks,

4.1 Crhdn_ftactlpna.tlfln

Secondary innoeula, grown in culture medium with a sodium aspartate 
concentration of 10 Q/l as the nitrogen source and a glucose concentra­
tion of 90 g/1, were grown for a period of either 36 hours or 48 hours. 
The mycelio were washed with SO mM Tris HC1, pH 7.5, 2 mM DTE, 1 mM each 
uf FDTA and MggSCk,, ION (v/v) glycerol buffer before the mycelial 
walls were ruptured by freeze drying. The stock powder was stored at 
-30eC for long periods and used as required. No undue interference from



the trace elements of the culture medium were observed to affect the 
reconstituted mycslium or the purification. Reconstitution O'f the 
mycelium for the enzyme purification was overnight in SO mH tris HC1, pH 
7.5, 2 mH DTE, 1 mM each of EDTA and M92SQ4, 10% <v/v) glycerol)

The reconstituted mycelium was centrifuged and filtered. After 
samples had been taken for enzyme and protein assays this fraction, the 
crude preparation, was concentrated on an Amicon concentrator. The 
protein concentration increased eight fold (1.04 mg/el to B.16 mg/ol - 
table 19).

The concentrate of the crude preparation 14.5.1) was loaded at a 
rate of IB ml/hour onto a AcA 44 gel fil.ration column which had prev­
iously been equilibrated with 50 mM Tris HC1, pH 7.5, 8 Ml DTE. Blue 
dextran, which was used as the front marker, was loaded before the 
concentrate. Myoglobin, *he back marker, was loaded only after the 
concentrate had entered the bed of the gel filtration column. These 
steps were taken to avoid any possible interaction between the markers 
and ths debired enzymes. Thu gel filtration column was run overnight. A 
typical elution profile is shewn in figure so. Fractions of 13 ml here 
collected. The synthases were found to eluto from the column at much the 
same position, while the isomerase was eluted from the column after the 
syntheses. Because the FPP synthase and isomerase assays use a common 
substrate, in figure EO the first FPP synthase pea* represents the FPP 
synthase while the second peak is actually the contaminating isomerase.

The fractions were assayed for protein and enzyme activity. Typical 
results aro shown in table 19. Typically the purification factor for the 
gel filtration step was in the region of 1% for the concentrate and 3 for 
the purification as a whole. However because of the somewhat unspecific 
nature of the results of the coupled assay the purification factor has



TABLE 19 i A typical protein purification profile of the enzymes of 
Penigil,l*js £££ispit!m.

fl-£̂ A synthaseCoupled FPP synthase

Enzyme units U/sl 
Specific act. U/mg

Protein conc. mg/ml 
Enzyme units U/nl 
.pacific act. U/mg

Protein conc. eg/ml 
Enzyme units ll/ml 
Specific act. U/mg

Ion exchange

Protein conc mg/al 
Enzyme units U/sl
Specific act. U/mg

Isoelectric focusing

Protein conc Fg.'sl
Enzyme units U/sl
Specific act. U/mg



s The elution profile of the fungal enzymes from an AcA 44 
gel filtration column (80 cm - 2.6 cm) at a flow rate of 
18 ml/hour. The eluent was assayed for FPP synthase ($) 
and fl-CPA synthase (e> activity, and the protein 
concentration (— ) determined.
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meaning only in oo far as comparison with other purification procedures is 
concerned. In other words, not knowing the relative distrtOution of FPP, 
GRP and ft-CPft /a-CPP from the coupled assay, makes comparison of the 
results of enzyme specific assays (such for the gel filtration eluent) to 
the coupled assay only meaningful in comparison to other purifications of 
the enzymes and thus have no absolute meaning.

The fractions showing synthase activity were pooled and loaded onto 
the DE 52 ion exchange column, '"he synthase peaks and the peak from 
isomerase overlapped to a far greater extent than the porcine liver 
isomerase and FPP synthase had (see figure 8). Thus where the isomerase 
was a significant contaminant of a fraction and the Mount of either of 
the synthases were not large, the fraction was discarded.

4.3 Ion exchange.

Previous attempts to use ion exchange chromatography as a method of 
purifying the FPP and A-CPA synthases from Penicillium evclooium had been 
unsuccessful (McGrath - personal communication). They found that the 
enzymes on elution from the ion exchange column lost all activity over a 
period of a few hours. As a result the use of an ion exchange column was 
first tested using crude preparations of reconstituted mycelium to see 
whether stable enzyme preparations could be obtained on elution from an 
ion exchange resin. The ion exchange resin that was selected was Whatman 
DE55. The use of this ion exchange resin for the separation of FPP 
synthase has been well documented (Barnard, 1984, Rilling, 1984,
Satterwhite, 1984).

For the initial experiments with a crude preparation step wise elution 
using 300 mM KC1 was used to elute the enzymes after they had been loaded 
and washed with a 50 mM Trie HC1, pH 7.5, 2 mM DTE buffer. The enzymes 
were assayed and found to be active. The enzymes assays wjre repeated 
five days later and around 70% of the enzyme activity was still present. 
Following on from this a gradient was attempted and found to elute the



enzymes within the range of 100 mM to 400 siM Tris HC1 at pH 7.5, Further 
assays determined that the stability was in line with that found for the 
step wise elution with KCt‘, Having established that the enzymes were 
stable on elution from a O E M  ion exchange resin, use was made of ion 
exchange as a means for purification.

The active fractions from the gel filtration column were loaded on to 
a equilibrated DE 52 ion exchange resin in a 50 mM Tris HC1, pH 7.5, 2 mM 
DTE buffer and washed with the same buffer until all unbound protein was 
eluted from resin. A 100 mM - 400 mM Tris HC1, pH 7.5, gradient was 
applied and the enzymes eluted. Fractions of 7 ml were collected and 
assayed for enzyme activity and protein. The order of elution from the 
ion exchange resin was firstly the 6-CPA synthase and = «unall amount of 
isomerase, followed by the FPP synthase. There was signif cant overlap 
between the first two enzymes, with ft-CPA synthase being marginally behind 
of isomerase. Typical results are shown in table 17 and an elution 
profile is to be seen in figure 2 1.

The active fractions of FPP synthase and j$-CPA synthase were pooled 
and dialyzed overnight against a 2 mM Tris HC1 pH 7.5, 2 mM DTE buffer in 
preparation for isoelectric focusing.

4.4 Isoelectric focusing

Initially great difficulty was experienced in getting the isoelectric 
focusing technique to function properly. The bed aft$r various periods of 
focusing repeatedly showed all the characteristics of cathodic drift with 
the one exception that the drift was towards the anode. Cathodic drift is 
characterized by the movement of the liquid phase towards the cathode with 
a concomitant dehydration of the other end. In this case the build up of 
liquid was however at the anode.

The fault was event- Uy  isolated to the electrofocusing gel. 
Replacement of the gel resulted in the pH gradient being formed in a 
linear manner but large protein losses were experienced during the



FIGURE 21 s The elution profile of the FPp and C-CPfi synthases from a 
DE SB cation exchange column ill cm x 6.5 cnl. The eluent 
was assayed for FPP synthase <n) and 6-CPA synthase <e) 
activity, and the protein concentration (--) determined.

FRACTION Nurem



focusing itself. These losses were observed both when a crude 
preparation (as prepared in 4.1) and the pooled fractions from the ion 
exchange were focused. The addition of 1 X (v/v) of glycerol to the bed 
together with the ampholytes did not reduce the losses found on 
focusing. It was found that it was critical to determine the pH of the 
fractions and then to add the 1 ml of 100 mM Tris HC1, pH 7.5, 2 mM DTE 
buffer to the fractions as soon as possible after the power had been 
disconnected - an hour or two's delay after fractionating the bed meant a 
loss of more than 90* of the enzyme activity. If however the" pH's of 
the fractions were determined and then adjusted to within 0.3 pH units 
of pH 7.5 within a half an hour after the end of the focusing then there 
was sufficient residual activity to determine the pi's of the synthases 
and the isomerase. Typical isoelectric focusing profiles of focuses of 
the crude preparation and of the pooled fractions from the ion exchange 
column are shown in figure 25 and figure S3 respectively. The 
corresponding results are shown in tables and 81 respectively. When 
the pH's of the fractions were determined special care was taken ensure 
that the pH meter was correctly calibrated.

From these figures and tables it can been seen that the pi's for ‘•he 
isomerase (4.5) anti A-CPA synthase (5.3) compare favourably with the pi's 
reported by McGrath et_ (1977). The pi of FPP synthase for both the 
crude preparation and the eluent from the ion exchange column were found 
to be 0.2 pH units,lower, than d'al reports# by McGrath et. ai (1977) (4.9 
as opposed to 5.1). For the FPP synthase assay of the eluent of the ion 
exchange column the enzyme activity peak was distributed between two 
adjacent fractions which had pH's of 4.83 and 4.98. The average. 4.91, 
was taken as the pi for that run.

Given the results of the experiments to determine the stability of 
the enzymes at various pH's and particularly the results from pH 6.0, the 
rapid loss of enzyme activity is not surprising since the isoelectric 

focusing is at pH's less than 6. The addition of 1 % glycerol had no 
effect on the loss of enzyme activity whatsoever. McGrath gt ai. (1977)



TABLE SO i Fractionation of a crude preparation of the fungal enzymes 
on an isoelectric focusing bed.

Fraction

Load (coupled assay)
Protein cone.
Enzyme units
Specific act. U,„g S.95

FPP synthase
Protein cenr.
Enzyme units
Specific act. 1.15
fraction pH 4.91

li-CPA synthase
Protein cone 0.119
Enzyme units 0.41
Specific act. 3.46
fraction pH 5.36

Isomer ass
Protein conc. 0.199
Enzyme units 0 .% |
Specific act. 1.76 |
fraction pH 1



FIGURE 32 i A profile of the gel after the isoelectric focusing o' a 
crude preparation. The activity of the FPP <o) and 4-UV 
synthases (e> and the protein concentration t— > were 
determined. The pH gradient is shown thus (x).



TABLE SI : Fractionation ef the pooled eluent of an ion exchange 
column on an isoelectric focusing bed-

Fraction

Load (coupled assay)
protein eone.
enzyme units
specific act. u"g

FEV synthase
protein cone.
enzyme units
specific act.
fraction pH

"-IPti synthase
protein conc
enzyme units
specific act.
fraction pH

Isomerese
protein conc.
enzyme units
specific act.
fraction pH

<x



i A profile gf the gel after the isoelectric focusing of the 
pooled eluent of the ion exchange column. The au^ivity of 
the FPP (*) and A-CPA synthases M) and the protein, 
concentration (— ) were determiiea. The pH gradier>> is 
^iown thus (x).



also reported that their preparation from ammonium sulphate fractionation 
lost all activity during isoelectric focusing.

Two types of polyacrylamide gels were run. The first contained 
samples of the active fractions for the eluents of the gel filtration and 
ion exchange chromatography steps and the second contained samples from 
the range spanning the bands on the isoelectric focusing where enzyme 
activity had been detected. BSA was run on all gels for comparison 
purposes. The gels were mostly run overnight at 25-35 volts.

For the first type of gel, the crude or concentrate (one or the other 
was used), together with the active fractions were run with BSA as the 
standard. The major bands observed in the crude preparation or the 
concentrate sampla were did not correspond to the bands obtained from the 
active fractions of the gel filtration column. Problems were experienced 
with the detection of the bands from the ion exchange column. The length 
of staining was varied and most gels were stained for a full two hours but 
the detection of active bands for the ion exchange fractions was still 
problematic and in many cases no band's could be detected even though the 
fractions had assayed positive.

The problems with the detection of the bands from ine ion exchange 
coupled with the fact that the protein concentrations of the fractions 
from the isoelectric focusing had lower protein concentrations than those 
of the ion exchange led to only the active fractions from the focusing of 
the crude preparations being run on polyacrylamide gel electrophoresis 
gels. Only two of the sanples run on PACE from the isoelectric focused 
fractions had protein bands that stained, fhese were both in the region 
of the primary transferase. The one sample had a single band that had run 
a similar distance to BSA while the other sample had three bands that had 
barely moved from the loading wells. No tra- a of protein was ever 
observed in tho pi regions of the fl-CPA synthase or the isamerase.



Because of these problems that were experienced with the detection of 
protein on the PAGE gel no conclusion can be made t. om the use of 
polyacrylamide gel electrophoresis as to the degree of purity that was 
achieved other than the purification factors reported elsewhere.

4.5.6 Molecular weight determination

The excellent separation and reproducibility of the UltroGel AcA 44 
gel filtration column led to it being used to estimate the molecular 
weights of the synthases. This gel has a fractionation range of 10 000 •• 
130 000 and a total exclusion of 800 000. McGrath g£ gj. (1977) reported 
the molecular weight of FFr1 synthase as 64 000 and 6-CPA synthase as 
96 000. Use was made of alcohol dehydrogenase (MW 150 000), BSA (MW 
66 000)i egg albumin (MW 45 000) and carbonic anhydrase (MW 59 000) to 
calibrate the AcA 44 gel filtration column. The slowest recommended flow 
rates (3 cm/hr - 15 ml/hr) were used and 3% ml fractions were collected. 
Two determinations of the molecular weights of the synthases were done.
The results are shown in table 82.

The molecular weight of (3-CPA synthase was found to be 33 000 ±3900 
and that of FPP synthase was found to be 77 600 ±3700. These results are 
in accordance with the genera, observation during purification that the 
the two synthases eluted in the same or adjacent fractions. McGrath gj, al 
(1977) reported different molecular w ,nts (FPP synthase, 64 000 and 
fl-CPA synthase, 96 000) but also reported varying molecular weights from 
growth to growth. Their fl-CPA synthase m'-'ocular weight was found to be 
as low as 75 000 in the presence of magnesium ions. Whether or not this 
is an effect of the ice shear press method f myceliai rupture was not 
determined. They however reported values of uetween 50 000 (in the 
presence of manganese and magnesium) and 64 000 for FPP synthase. For the 
determination of the enzyme's molecular weights no magnesium was added to 
the buffer and so the lower molecular weight found for fl-CPA synthase 
could not be attributed to this. Equally the FPP synthase determination,



TABLE 22 i A table of the estimation Of the molecular weights of the 
FPP and A-CPA synthases.

Protein Fraction
number

Molecular Log 
weight MW F'm

Blue dextran 2 000 000
Alcohol

dehydrogenase 150 000 5.18
6B 000 4.83

Egg albumin 45 000 4.65
Carbonic anhydrase 29 000 4.46

FPP .synthase 77 600 *3700 4,89 4.02
fl-CFft synthase 83 000 ±3900 4.92 +.02

Thr molecular weight determinations were done in duplicate.



FIGURE SO s The calibration curve for the estimation of the molecular 
weights of FPP and d-CPA synthases. The ratio of the 
fraction (F) over the void fraction <F0) is plotted 
against the molecular weight in daltons.

I

I Alcohol dehydrogenase
g
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for which a molecular weight of 77 600 was found, was itj the same buffer 
as that of 6-CPA synthase.

Molecular weight determination using tfr j method of gel filtration is 
an approximate method at the best of tlmr. . and the results must be 
acevpted only on a provisional basis (Andrews, 1964). Furthermore it is 
desirable to select the fractionation range so as to minimize the 
flattening of the last protein peaks while enabling the proteins to 
separate sufficiently to enable their peak to h* easily discernible. In 
other words the fractionation range of the gel filtration column should be 
selected so that the trade off between the clear separation of the protein 
peaks and tns loss of resolution marked by excessive times on the column 
is minimised, ft more satisfactory fractionation range for determinirg the 
molecular weight between SC 000 and 100 000 would be UltroGel AcA 34. 
Furthermore denaturing techniques such as SDS PAGE should also be used to 
ticiteroine a more definitive molecular weight for both o.' these synthases.



•for which a molecular weight of 77 660 was found, was in the same buffer 
as that of e-CPA synthase.

Molecular iveight determination using the method of gel filtration is 
an approximate method at the best of times and the results must be 
accepted only on a provisional basis (Andrews. 1964). Furthermore it is 
desirable to select the fractionation range so as to minimize the 
flattening of the last protein peaks while enabling the proteins to 
separate sufficiently to enable their peak to be easily discernible. In 
other words the fractionation range of the gel filtration column should be 
selected so that the trade off between the clear separation of the protein 
peaks and the toes of resolution marked by excessive times on the column 
io minimtsKi. A more satisfactory fractionation range for determining the 
molecular weight between 50 000 and 100 000 would be UltroSel AcA 34. 
Furthermore denaturing techniques such as SOS PAGE should also be used to 
dfrfcpre’-' a *ore definitive molecular weight for both of these synthases.



CHAPTER FIVE



This project began initially with the intention of purifying the FPP 
and A-CPA synthases and then investigating whether the two enzymes were 
homologous or not. However the instability of the enzymes and the 
concomitant need to achieve a certain minimal stability before the enzymes 
in question could be purified to a state where a comparison could be made 
caused the impetus to initially he directed at optimizing the stability of 
the enzymes. The purification of proteins for structural studies places an 
additional burden, when compared to purifying them for activity studies.
The reason for thib that for the activity studies a high speed low 
resolution purification is used, while for structural studies a high 
resolution purification that is invariably much slower is required in order 
to remove all traces of contaminating protein and other materials. Where, 
as in this investigation, there was little enzyme activity to begin with 
and the only means of detecting the enzymes was by means of an enzyme 
activity assay, an unstable enzyme preparation constituted a major obstacle 
to the purification cf enzymes for structural studies.

To this end the steps of the purification procedure had to be chosen so 
as to minimize the time taken for the purification and to minimize the 
harshness of the steps themselves. The most effective way appeared to be 
to choose purification steps that use different physical characteristics of 
the proteins for each step and whicn were designed to achieve the best 
resolution for that each step. In others words avoiding having duplicate 
purification steps based on for example physical size or electrical charge.

However, because of time and stability constraints, certain compromises 
had to be made and the step with arguably the best resolution, the isoelec­
tric focusing step <4.4), was in fact the most daeaging ef the steps with 
large losses occurring that made further purification impractical. As a 
direct consequence of this the major thrust of this study was directed to 
stabilizing the enzymes and verifying data that had been reported for less 
stable preparations of the enzymes, and it was not possible to address the



question of the homology of the FPP and fi-CPA synthases.
The investigation into optimizing the mycelial yields of the enzymes 

and the stability of the enzymes themselves examined several aspects.
These included the rupture of the i ycelium (3.3,2). the elements of the 
reconstitution and purification buffers (3.4) and the use of ion exchange 
as a purification procedure (4,3) as well as maximizing the specific yield 
(units/ g mycelium) of the enzymes in the fungus (3.3.4).

Several different nitrogen sources for the culture meoium were investig­
ated and a concentration of 10 g/1 of sodium aspartate ascertained to be 
the most suitable nitrogen source for the preparation of stocks of mycelium 

for the purification of the enzymes (3.3.3), The results of the investig­
ation raised several interesting questions that were however unfortunately 
ancillary to the main object of this project. Why does aspartate-based 
medium give a higher specific yield of enzyme when the relative nitrogen 
concentration was only 71 X of that of the 9 g/1 nitrate-based medium 
(1.05 g/1 as opposed to 1.49 g/1 respectively) t What is the effect of 
using sodium as the counter ion In place of potassium or say calcium ?
Cress et a! (1981) found that calcium had a significant effect on the 
operation of the secondary metabolic enzyme, dimethylal' yltransferass. 
However, having achieved a significant increase in the specific yield of 
enzyme from the mycnlium, It was inopportune to examine these questions and 
attention was turned elsewhere.

Growths using mycological peptone as a nitrogen source 0.3.3) yielded 
no trace of a-CPft or (l-CPfl on the tic plate <(e> 4. Cdl, figure 10), 
despite it showing a comparable absorbsice of the chloroform extract to the 
a-CPA producing nitrate-based chloroform extracts I(a), figure 10). 
Unfortunately in this experiment no attempt was made to assay for the 
presence of |S-CPA synthase. A subsequent atteopt to reproduce this result 
yielded trace amounts of ot-CPA and G-CPA. The assay in the second 
experiment was positive for fl-CPA synthase with normal amounts of enzyme 
being found. However the growths for the latter experiment, where traces of 
(t-CPA and 6-CPA were found, were for 3 days only whereas the growths



that did net show any trace of the secondary metabolites were for a full 
five days. Two questions arise from these results : firstly what was the 
species in the mycologicai peptone chloroform extracts that absorbed so 
strongly at 2B0 run and secondly if u-CPti and 8-CPA ware produced on day 
two then why was there no trace of these metabolites *n either the 
filtrate or the mycelium on day five ?

The unstable and var iable characteristics reported by McGrath si, 
(1976, 1977) for the enzymes and subsequently for the preparation of an 
acetone-dry ice powder by Herman (1985) led to an investigation into var­
ious methods of mycelial rupture (3.3.2). Homogenisation was disregarded 
after failing to successfully rupture the mycelium while an attempt to 
implicate the ice shear method of mycelial rupture in the instability of 
the enzymes was inconclusive. The latter method would bear repeating wi'h 
similar pressures to those used by McGrath et aj_ (1976, 1*77). The method 
of rupturing the mycelium by preparing an acetone-dry ice powder was 
verified and the preparation of a freeze dried powder also successfully 
used. The lat;.or method was found to give slightly more stable crude 
preparations with a 53 X increase in the specific activity of the enzymes 
over the former method, and so freeze dryinrj was adopted as the method of 
inveelial rupture.

While EDTA was shown to destabilize the crude preparations (3.4.3) no 
conclusion can be inferred from the attempt to verify the insensitivity of 
6-CFA sy.-.thase to EDTA that was reported by McGrath nt &L (1977) (3.1.1). 
There are reports in the literature of similarly EDTA-inscfsitive second­

ary metabolic enzymes (see for example Weinstein, §£. §j., 1971 awl C-oos g! 
al_, 1991 - pll & 18 above). What was surprising about the results frou . ' 
investigation was that the increase in 8-CPA synthase activity obtained on 
the ado it ion of 1 mM free EDTA to the as-say mixture -xas only observed in 
the non-heat treated sample and was ncer observed in the heat treated 
samples. One would expect that 6 mM EDTA heat treated sample would show a 
similar increase to the non-heat treated sample. The result was however a 
complete inhibition of the 8-CPA synthase in the sample with free EDTA
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magnesium since magnesium was reported by McGrath et. aj. (1977) to have 
little effect on g-CPA synthase while manganese had. a detrimental effect.

The stability of the enzymes from the ion exchange column was a signif­
icant development (4.3) as was that of the increased ionic strength of the 
buffer. The previous reports of the purification of these enzymes have 
tended to use buffer strengths of 10 mM Tris HC1 and may according to 
these results (3.4.6) have contributed to the instability of their prep­
arations. McGrath et al. (1977) began their purification with an ionic 
strength, p " 0.08 (s 20mM Tris HC1) but reduced it to p = 0.01 
once the initial purification steps had been completed.
. The molecular weight determinations (4.6) were only done twice. How­

ever the gel filtration column used for these determinations was the same 
one that had been used for the purification and the elution characterist­
ics of the molecular weight determinations were typical of those obtained 
during the purification procedure in tha* the synthases eluted together 
with the isomerase trailing somewhat. Furthermore the variation reported 
by McGrath et. gj. (1977) of the "molecular weights from different mycelia 
was not found. Nor for that matter was an exceptional preparation 
obtained where the enzymes were completely stable, something that McGrath 
et did obtain.

The molecular weights of the FPP and 8-CPA synthases were very similar 
to each omer and in complete disagreement with the 2:3 ratio (64 000 :
96 000) that McGrath et, al (1977) found. Assuming that the fungal FPP 
synthase wss dimeric since the vertebrate forms of the enzyme have been 
shown to be, then the 96 000 molecular weight repor- ,d by them for the 
fl-CPA synthase would suggest a trimeric enzyme. If the (3-CPA synthase 
were to have originated from a mutation of ttia FPP synthase, it is more 
lil.oly that the Jimeric structure of the FPP synthase would have been 
conserved and onlv the amino acid sequence of the subunits altered. 
Furthermore there have been almost no reports of the characterization of 
trimeric enzymes. The molecular weights of 83 000 and 77 600 obtained for 
tho fl-CPA and FPP synthase* respectively are simi'ar to those obtained for



vertebrate forms of FPP synthase (pll above). Thus the S-CPA synthase 
eiuld well be dimeric rather than trimeric and under these circumstahv*s 
would have a greater possibility of being an evolutionary deriv. '-ic.1 , om 
the primary metabolic en?yzie> FPP synthase.

The biggest stumbling block to the homogeneous purification of the FPP 
and 6-CPA synthases was the instability of the enzymes. While no empirical 
data can be given, it appeared that the harshness of the method of 
mycelial rupture was only partly to blame for the instability of the 
enzymes and that there could be another factor Ijehich is necessary for th*» 
stabilization of the enzymes that was lost at the start or daring the 
early stages of the purification. Another alternative is that the enzymes 
have a short half life. The rapid fall i” • ‘v-ite i-iits from t'. 3 >..> na.' 3
(figure 11, p66) is Indicative of such r •.<’ • 'air '.$fu ,ir 
metabolic flexibility of the fungus. Me - •.-ixlfeii:$y --j-.kiU-- 1
situations where there is a need to r-,v , , y ;; .ntr tt-ti. r.'' ficlecs

enzymes rapidly on the advent on different jfttjih"" :■ ■rcisu.sti.xcBS. On,1, 
the other hand one would anticipate thut ai e.-.z*,'-. ,■ •. i-tf'/ciism
is subject to a far greater degree of enwonaealv. : ".y gay a ,, 
mammalian enzyme would be more resilient *,t t‘ i ai- In î trtf n&ndliM%. 
However the seven day effective life of tVv /•̂ -uirstiiins, togethBi-
with the poor stability on storv.gs at -3oaC ' vise t'h‘\flies, made :•

purification for structural studies ext SB'tiih ‘iffidtilti
There are strong grounds fo- supposing >. >' / g-CPA syvxlflase and VTv '.yiv 

thase could have been derived from a commun gettwtie prsy.rsor. The enzyr.es 
compete for a common substrate, the cosubstrates for i*ach enzyme (DMA&P v. 
cAATrp' can in certain conform.; n  mimic each other pnd the tnz/uo tiave 
similar molecular weights. Furthermore the fungus is eukarvatlfc .At could 
well have multiple genes for the FPP synthase enzyme, thereby allowing,a 
non-lethal mutation of ono or mors to form the 6-CPA synthaea enzyme. 
However this hypothesis can only be verifiad by tie purification to h< -,y- 
eneity ot the enzymes in question a no ih> sv-jseqi-jht cl̂ racterizilition of 
their subunit structure, amino acid r .n-v-.itlo.is ahd prjlmary strut.turn* 
and thsreby determining the degree c oetweeti tree.





APPENDIX , CALIBRATION CURVES USING LINEAR REGRESSION

The Bradford method of protein determination requires the derivation of a 
calibration Curve using. BSti as a standardj for these protein determinations 
three; concentrations were used - 5 Pg/ml, l&. Hg/ml and 20 Mg/ml. A 
further control of 20 WgAal lysozym* was used. Tha Bradford method 
(Peterson. 1983) assumes a similar binding constant for coomassie blue dye to 
all proteins irrespective of their sharks or sizes. Betweer)A.the S Kg/mi and 
SO Kg/ml BSA Concentrations a vlot'af the absorbati«*vagainst the protein 
concentration, given this assumption and the BeeryLantosrt law. is linear. In 
other words the calibration curve is of the form

y *  mx + c . <I)

Rather than plotting the points on graph paper and then fitting thfl curve wltn 
the naked eye, use was tide of linear regression In the form of the least
squares method to construct a calibration curve. Basically this method derives
the slope (m> and the intercept (c) for the best fitting linear curve through
the points of the standards and restates formula for corrected values of y
given x. The method works thus :

the slope m = Say
Ex»

a,id the intercept c * ( £x*Sv - txSxv )
NZx*

where N Is the number of BSA standards, Zx Is the sum of the concentrations of 
the BSA standards and ly is the sum of their absorbances. Substituting te and c 
Into equation (1) gives the equation

yC - x<£xi< + ( Z**Zv - ExSxv > (S>

Equation (2) can be used tr, derive the corrected absorbtnces of the BSA 
standards and with the absorbances of the unknowns their concentrations 
can te calculated.



Equation (S) was set up on a computer spreadsheet wing Lotus. 123 to 
facilitate the derivation of the calibration curve. A rumple printout is 
shown in ftguru 25. When a calibration curve was required, the spreadsheet 
was loaded and the Absorbances of the standards and the corttrot fgrttared. 
The absorbances of the unknowns* together with their dilution factors, 
were also enter^yand the corresponding protein concentrations calculated 
hy the spreadsheet.

Such an automated system is open to abuse that would result the 
fitting- of a straight line to points that by nv scans resemble a'straiqht 
ilne^ In this.respect plftting the graphon graph piper would obviously 
reveal . uch a lack of correlation where as the -.east squares method would 
not. Thus to ensure that thur calibration curve was straight and could be 
relied on, the standard deviation and the correlation coefficient were 
calculated <y is the actual absorbance measured and yc the corrected 
absorbance derived from equation (21 ). From <ye - y> the standard 
deviation was calculated, The standard deviation as a percent of the total 
of the absorbances was also calculated. If this percentage was greater 
than t X or the correlation coefficient was more than 1.2 or less than 
0.8, then the protein determination was regarded as not being linear and 
was repeated.



FI8URE '65 : A saapl# printout from the least squares spreadsheet for deter­
mining the protein calibration curve. The BSA concentration ie 

ii <iA andiithe corresponding absorbance <y). For ye. w^tch is the 
corrected absorbance an which the calibration curve ia based■ 
on& two significant -pl.ices are shown on the printout but the 
calculation is to 3 significant places. Tne Hi added column 
represfcxits the volume of protein containing that was
diluted .'b I el with distilled water as required by the eMthod.

i

\

HBSIiSEi

)
TUb. m  «b. ,/ xy x2 yc-Y (yc-yl2 y2

1 0.52' 85 .000 1.9E-34 0.0108

< 1.93 /  100 0.05*00 0.0372
3 20 o.3?l ^00 0.37 .000 3.1E-33 0.1376

T "*» l 35 0.660 V.S7- .6 -17 3.3E-33 0.1857

Slope -» 0.017B Std dev = 8.3E-33
Intercept * 0.055

Carr.

Std dev ’/. * ,OOK 
coefficient » 0.95

Lysozyme Abs *■ 0 . * ECl - 19.36 Hg/ol

Tuhp. I'yotsin ECl
Absortiance / assey

" " " "
Proteir

i 0.100 4.V8 !«g/ml too 0.04B mg/ml
?.53
- i/9

>.ao

.01
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