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ABSTRACT |,

y

Two enzynes of Penicilliup’cycloptus Westling, Yarnesyl pyrophosphate
synthasa [ EC 2,5.1.1 1 and g-eyclopiazagic acid synthase, were purified.
i

The 61 of farnasyl pyrophafiphate synthask was found to ba 4.9 and the
molecular weight was esth;n"ated 4s 77 600. B-vyclopiazenic acid synthase
had a pI of %,3 and an astimated molecular weight of 82 000. The specific
vield[ot" $hase enzymes per grar. of myceliun was increased thirty percent
by using ssparifate rather thanr nitrate as the nitragen source in the
culture meuiunb: Growth of Perig{iligm mh‘a.mﬁ an mycological paptnril was
found to completely suppress the production of «- and #-cyclopiazonic
'aciﬂ. The instability of ,the enzymes, fount on the preparation of
aycelium by the ize shear press mothod (McBrath gt al, 1977), was
circumvented by rupturing the aycelium through the preparation of eithar
an acetone~d¥y ice or a freeze-drisd powder. When the mycelium was
ruptured by freeze dry;lwg rather than the preparation of .an acetone-dried
powdar, the protein obtained from the aspartate-based medium was increased
three fold and the specific activity of the crude mycelial preparaticn one
and 2 half fold. EDTA .nd manganese, when present in the buffer used in
the reconstitution of the fresze dried mycellum, were found to have
ﬁlstabi!iiinq. wffects on the enzymes from the reconstituted mycelium.
Glyceral on the other hand had a significant stabilizing influence on the
anzymes from the reconsiituted mycelium. Contrary b previous reports
(McBrath gt al, 1977) that tp- loss of enzyme activity on elution from an
ign exchange resin was immnd,":uu and rapid, when freeze dried mycelium was
used as the source of enzymm, both enzyoes were found to be stable on
elution with a linear gradient from a cation exchang® resin. Sixty nine
parcent of the original snzyme activity resained five days after eluiion

from the ion exéhange resin. ) .
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‘The existence of specias of plants and microorganisms from which
anomalous substances can be extracted has long been krown to man. These
aromalous substances, widely termed natural products, ar; produced by
specific organisms In their natural habitats. Man has made use of them
over the centuries for economic, medicinal and other purposzs. Classical
examples are rubbery caffeine and quinine. Man was however content to
explodt these substances for his cwn bemefi{ and was therefore only inter-
ested in ensuring an asple supply ef the natural product and accordingly
had not the slightest interest in what they were and how or why they were
produced. As a vesult these substances have only been systematically
studied during this century. The major thrust rf the study arose from the
dlscovery in the early 1940%s that a natural product, aflatoxin, produced
by Asperaillus flavys, was responsible for the death of a large rwmber of
turkeys that had eaten mouldy grain (Lancaster, 1961},

The discovery and characterisation of new notural products or
secondary metaholites as they mors correctly are known, hac proceeded
rapidly uver the last thirty years. The focus of the study however has
been the Isclation and elucidation of the structures of secondary
metabolites and their bivsynthetic precurcors and little attention has
been given to the matabolic comtrol o)’ the biosynthesis of secondary
metabolites - either the Yactors proooting or irhibiting their productien,
or the enzymes that are involved in these bissynthetic transformations.
Encouragingly this state of affairs has hegun to change over the last ton
years.

In attempting to define the raison d’#tre of secondary metabolites,
sevaral theories have been advanced for the intended function of the
production of secondary metabolites. An loportant earlier one was bthat
secondary metabelites were produced in prder to confer an ecological

advantage on the producing orgenise (Mann, $977). However onte the multi-
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3
farious character of secondary metabolites had been discoversd, 1t became
clear that an ecological advantage was conferred on only a small
percentage of the species that produced szcondary mntahol’itas.

A more recent theory - one based on the matabolic significance of
secondary metabolites rather than observations of their occurrewce and
effect in nature ~ wat advanced by Foster (1747) and Woodruff i1966). This
theary has since been developad and refined by Bu’lock and Powell (1965)
amongst others. Dealing specifically with fungi, Bu'Lock distinguished two
phases in the growth of the organism. The first phase, the growth phase,
he termed the traﬁhnpr«\se and the second phases where secondary

metabolite production pr 3 the During tr
growth is exporential and nutrients are ir unlimited suaply. 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 utllisation of scetyl SCoA is reduced as well and
therefore acetyl SCoA has the potential to accumslate (Bu’tscks 1977). The
accumulation of acetyl SCoA would lead to the unbalancing of setabclise
and a voncomitant loss of contral. To avoid this the organism switches
ints idiophase and begins to produce secondary metabolites. Acetyl SCoA is
diverted inte ihe production of these secondary metabolites and thus the
accumulation of acatyl SCoA is avoided and metabolic control is
maintained. The transi‘tion from idiophase to trophophase i not a sudden
step but ofcurs gradually in a sbmpwise wanner as the enzymes reguired for
the production of secondary metabolites sre induced (Bu*lock et 4l 1965).
Martin (1977} clarified the issue by dividing the phasses of fungal
growth into three rather than two phases. These three phases are the
balance, storage and mai-tenance phases. During the balarce phase growth
is exponential and the nutrients are in unlimited supply. When one or more
of the nutvients become rate limiting the arganism switches into the
storage phase. The storage phase is characterised by reduced respiration,
the accumulltion of acetyl SEoA and the accumulation of fatty acids and
carbohydrates, An exasple of the accumulation of lipids was reported by
Regthling and MeBrath (1977). They showsd that the 1ipid concentration was
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maximal on the Q\Y:Dnd day of growth when the funpal metabolism was
changing from trrlphuphase to idiophase. The third phase of growth defined
by Martin is the maintenance phase. In this phasa the matabuu: rate is
minimal and all attention ls devoted to maintaining balanced metabolisnm,
One of the methods for achieving this is to divert excess metabolic
intermediates into secondary metabolites,

Bu’lock (19801 put the framework of this theory in perspactive when he
outlined thres levels of metabolism (figure 1j. 'n‘lﬂs_e levels are firstly
the basal lsvel where anergy and raw materials are provided; secondly the
replicatisn level where the energy-dependent utilisation of freely
available substrates iz harnessed o replicate the cell processas, and
thirdly Vhisl:ﬂl’}di.ry metaboiite ievel where molecules of apparently
iittle use are gensrated. The first two lovels are tightly regulated and
are aimost identical across the broad spectrum of 1iving organisas.

The thiry Amvel, that producing stcondary metabolites, is either the
result of ov‘er}lredu:ti:n of replication level (level 2) metebulites such
as sucrgpse or citric acid (BEhal 1986, Huttner 1987, Vining 1987), or the
result of differentiation that results in the production of molesulen Yhat
are unigue in structure and are selidom faund in more that three of four
species (Bu’Lock 1977, Luckner 1983). Obviously the accumulation of acetyl
BCoA can be avoided by aither the biosynthesis of the unigue molecules or
the overproductlon<of replicatiun metabolites. The overproduction of the
iatter begs the question as to whether the excess of these sptatolites has
ahy unbalancing wffect on the metabelic cont~ol of the organism involved
in ovarproduction and whetfier that organism has devoloped secondary
controls to cope with this situation. The regulation of the third level
appears on a macro scale $o follow an inverse relationship with growth.
The regulatory mechapism of the first two levels are well characterised in
comparison to thun]ynf the third level where the diversity and singularity
of swcondary metabolites tends to limit their study. However it does
zppear that the biosynthesis of scsondary metabolites is regulated in a
sinilar manner to that of primary metabolism.




FIGURE 1 1 Level of metabolism. The lower two lwnh are controllsd by
strict and specific mechanises that are uniformly giswtrib-
utcd over the whale spectrum of erganisms (Hu’Locky 1980).
The rate of production of secondary metabolites i voughly
inversely proportional to the rate of growth but the
control mechanismg of secondary metabolism are little known
or understand,

LEVEL 2
BIOSYNTHESTS OF SECONDARY METABOLITES
S0ME SUBSTRATES LIMITED - EXCESS OF
OTHERS ARE DIVERTED FROM PRIMARY
METAEOLISM TO MAINTAIN BALANCE

LEVEL &
REPLICATORY ~ PRIMARY METABOLISM
ENERBY-DEPENDENT UTILIZATION OF
FREELY AVAILABLE SUBSTRATES

LEVEL
BAGAL LEVEL - ENERBY & RAW MATERIALS
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At a cellular level the induction of secondary metaholism has been
aseribed to two processes. The first is the dereprossion of the enzymes
involved in the bi ynthesis of secondary metabplites anr; the secant
process is, whers there is competition between a primary eetabolic and a
secondary metabolic substrate for 2 common substrate, the alteration of
conditions to favour the production of the secondary metabolite. With
gecondary matabolites that are overproduced the contral §s likely to be
predominantly through substrate competition or compartmentation. In the
case of unique moleculms that de not have any specific role but that are

vital to the overalil well-being of the arganism, the induciion of the

enzymes ¥ for the of thess is likely to
be the controlling factor. Naturally it is possible that both thase
methods could act as dual controls on Secondary meiabolic pathways.

In summary, the basis of this theory of a balances metabolic flux as
the raison d'#tre for seconda. y metabolism, is that it is the metabolic
pracess by which an excess of essential intersmediates aru removed from
free circylation and thereby prevented from accumulating. Consequently the
metabolic balance and conirol of the basal and essential veplicatory
pricesses of metabolise are saintained. The overall result is that the
organism can keep its basic metabolic pathways operational and therefore
survive albeit at a much ragduced rate in the anticipation of circumsiances
Favourable to renewed growti.

_ A typical evample of secondary natabolite productic.s is that of
a-zyelopiazonic acid By Papigillium cyclopium. The bissynthetic pathway
is putlined in figure 8. pPpnizi}iive cyclepium is one of the penicillium
and aspergillus sp from which Go many worondary metabelites originate. Twe
ather classic examples of the penicillium and espergillus sp that spring
to mind are fspergillus flavus cnd Penicillium chrysogenus which produce
the renown secondaty metabolites, aflatoxin and penizillin respectively,

Dr B Scott in 1964 isolated several fungal species from samples of
mcuidy grain, One of thesk was the fungus Penicillium cyclopium. He shawed
that thias fungus was :ssponsible for the toxicosis found in animals that

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

A U

}
i
|
.
L




v
FIGURE & 1 An cutline of the biasynthetlc pathway of farnesyl pyrophosphate
and o-cyclopiazonic acid,

acetyl SCoA
tryptophan
suvalonate \ / \
e DHAPE, c&m—p rp-tRNA

Y Y .
A-tyclopiazenic acid .

protein
synthesis

s-cyclopiazonic acid




FIGURE B : Structures uf some of the setabolites involved in the biosym— i
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from this fungue and identified it as cyciopiazonic acid (I, figure 3.

tolzapfel gt a3 (1970) isciated ic acid (8-cysl
piazomac acid ~- I, figure 3) from cultures of Penjeillius cvclopjum and
Holapfel and Wilking (1971) showed tnat it was the imsediate precursor of

the cyclopiazonic arid, Cyclopiazonic acid (1) was renamed a-cyclopia=

zonic acid (a-CFA) to di it from G-cyclopiazenic acid (R-CPA).
Holzapfel and wilkins (1971} also veported that tryptophan (24.7%)y

mavalonate (7,04} and acetate (3.5%) were incorporated in cyclopiazonic

acid in varying amounts. They that tryptuphan was a biosy
precursor of a-CPA. The enzyme responsible for the canversian of A~CPR

to a-CPA, &-m

idocyclase, was isolated and purified by Schabort e al
(1971a, 1971b). The enzyme proved to be five isoenzymes and required a
riboflavin derivative to effect the conversisn. The reaction mechanism was
studied extensively by Steenkamp et al (3973a, 1973b),

FuDrath st al (1973), using cell free extracts prepared frem cultures
of Penicillium cyclopium, reported the isolaticn of another metaholite,
« acetyl-g~(A-indoyl) methyltetramic acid (cycloacetvacetyl tryptoph-
anyl ~ 111, figure 3). They showed that it was a biosynthetic precursor of
#-CPA. Later MoBrath gt al (1976, 1977) isolated and purified the enzyme
from Penieil\lium cycionium that converted cyclsaceteacetyl trypophanyl
(cAAtrp} to 4>CPA. The emzyme was designated dimethylallyl pyrophosphate:
cyclaacstescelyl tryptuphanyl dimethylallyltransferase. In this report it
will be referved to as 8-CPA synthase. They showed that A-CPA synthase
adis the dimethylallyl moeity of dimothylallyl pyrophosphate (DMARF - 1V,
figure 3} to the & position of cAAtrp. McBrath et al (1977) veported a
molacular weight of 94000 daltons and & pl of 5.3 for 8-UPA synthase. The
Michael i:: constants for §-CPA synthase were 2.0 UM for DMAPP andg
6,0 B for cAAtrp. They reperted that 8-CPA synthase had no apparent
requirement for the zavalent cations of rg2* or Mn2* and that the
presence of the latter had & disruptive sffeci on the enzyme activity of
B-CPA synthase,

McBrath et al in 1977 reported the isolation of farnesylpyrophosphate
synthase (FFP s',}nzmse - EC 2.5.1.1.) from Penicillive cyclopium. FPP
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synthase has been shown o combine isopentenyl pyrophosphate (IPPY with
dimethylallyt pyrophosphate (DMAPP) %o form geranyl pyrophosphate (BPP) via

» 1946). It has also been shown to

a two step sddition (Cornforth et
camking GPP with another IPP moeity %o form farnesyl pyrophosphate (figure
2). Thus the FPP and #-CPA synthases compei. for a common substrate, DMAPF,
which is produced from IPP by isopentenyl pyrophosphate isomerase
(isomerase - EC 5.3.3.2.). In their isclation of these three enzymes,
McBrath gt gl (1977) reported a short study of the control mechanism which
operated at this branch point between primary and secondary metaboliss. The
study in effect examined both the similarities between the competing

enzymes and the metabolic basis for regulatory control. The study alse

" elucidated several other factors that couly influence the switch fror

primary to secondary swtabolism.

There are several possible explanations as to how secondary metabolic
gnzymes arnse, One possible hypothesis 1s that uhe enzymes involved in
secondary metabolism such ax £-CPA synthase are the result of & mutation in
a primary metatolic enzyme that has resulted in an altered but functional
enzyme {Schulzs 1978). This mutation must not be detrimental to the
arganisn and may even give the orgenism a definite ecological advantage
over its neighbors. If an enzyse of secondary matabolism was darived during
the process of evolution from a mutated gene coding for a primary metabolic
Enzyne, one would mspect such an nzyme to show a degree bf komology with a
corresponding entyme of primary metaboliss.

Such a similarity betwaen a primary and a secondary metabolic enzyme

wowld be evident under two different cCircumstances - these are firstly

where thoir resp amina acid have 5 homologies and
secondly wheri the emiymes have identical subunits in common. Biven that
FPP synthase and f~0PA synthase compete for a common substrata and that the
fungus, being eukaryobicy may well have multiple genes for the FRR synth-
asey 1% is conceivable that the R-CPA synthase could have arisen as a fav-
surable mutation of one of these genes {Bajaj & Blundell, 1984}, In order
to establish whethar it is possible for the two enaymes in question to have
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originated from 2 comaon genetic precursor it would be essential to
examine the subunit structure, the amino acid compesition and the primary
structure of both thesa enzymes to determine the degree of homelogy
fatwmen thes.

McBrath ¢t a1 (1977) reported the molecular weights of these two
aniymes as &4 000 and 94 000 respectively. The FPP synthase from various
other sources has been shown to be composed of two identical subunits
tBarnafdl and Popjak, 1981} and has s reported molecular weight in the
region of 7B 000 * BO00 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, 19813, 83 000 for the cvian liver enzyme
(Ramd and Rilling, 197&) and B2 000 % 2000 for the Saccharomvces
sorgvisiaw enzyse (Eherhardt and Rilling, 1975). McBrath (personal
coanunication) dewonstrated that the two periinent substrates (other than
DMAPPY, IPP in the case of FFP synthase and cOflrp In the case of A~CPA
synthase, :a.n;_i\n certain conformations mimic a part of the structure of
the each qth&;‘v These overlapping parts arg the keto groups on cARtrp and
the phosphate oxygens on the pyrophosphates of IFP. Thus there is the
possibility that a seall modification fo the aming acid structure in the

active site that would allow substrate substitution. In other words, were

8-CPA sy a aof ‘FPP the catalytic site of 3-CPA
synthase could be marginally modifizd with cAftrp becoming the preferred
substrate. The binding coefficient of IPP tn g~CPA synthase would be
significantly less than that to FPP synthace, Furthermore, while IPP may
bind to the active site of 4~CPA synthase it cannot be transforeed
tMcBratt gt gl 1977).

I% would bJ} useful to compare A-CPA syniliase with other fungal
secondary petabplic enzyees to see whether there is a discernible pattern
with respect tp secondary metabolic enzymes which operate at branch
points. Three relevant snzymes will be discussed below in this regard.

Takahashi gt al (1978) veportes the isolation of the enzyme DMARP 3
aspulvinone dh:cshyhllyurmsfurn- from fperoillue terreus. This enzyme
catalyses the t;-amf'r &f the dimethylally) moiety of DMAPP to ane of the
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aromatic rings of aspulvinone E. The salient features of this enzyme are
firstly that it has a siailer subunit molecular weight (45 000) to the FPP
synthase subumit (£ 40 000), secondly that no metal ion is necessary for
the activation of the enzyme and thirdly that sulfhysryl reductants have
no effect on the functioning of the enzyme.

Heinstein gt al (1971) and Lee gt al (1976) reported the isolation and
purification of DMAPF : L-tryptophar dimethylallyl transferase ifrom
Claviceps strain 5D SB). This enzyme is the first one after the branch
point in the synthesis of the ergot alkaloids. Cress, Chayet and Rilling
(19613, studying the sase =nzyme, reported that in the absence of Caf*
the enzyme is not inhibited by EDTA. They alsc repirted that a divalent
aetal cation is not required for catalysis by this enzyme. While Lee gt
al reported that the enzyme was a monomer, Cress at al reported that it
was dimeric with a subunit molecular weighi of 34 000.

In hoth the above cases the secondary metabolic enzywes are dimeric
prenyliransferases and are insensitive to chelating agers and are able to
function in the aosence of divalent metaillc cofactors. McGrath gt al
(1977) reported similar properties for the secondary metabolic enzyme,
f-CPA synthase,

The third secondary metabolic enayme that will be discusssd is
praduced by Penicilliue ustus and specics of Agpergillys amstelodami, The
enzyme, dimethylallyl pyrophosphate : cyclo-L-alanyi-L~iryptophanyl

dimsthylallyl transferase (a prenyltransferase), cataiyses the transfer of
the disethylallyl moiety from DMAPR onto cyclo-L-alanyl-L-tryptophanyl.
The product formed is alanyl-2-(1,1-dimethylallyl)-L-tryptophanyl which is
a biosynthatic precurenr of secondary melabolite, echimulin (Mllew 1972,
Deyrup and Allen 1975}, One of the results reported by Deyrup and Allen
wse the affinity of pig FPP synthase for a synthetic analogue,

1 ayr This anslogue shows a similar
confermation to alanyl-2-(1,i-dimethylallyli-L-tryptophanyl, The
secondary metabolic prenyliransferase that forms alanyl~2-{1,1-dimethyl-
anyl)~L~tryptr'»phanyl bowever could not transform this substrate, This

result is interasting in that the primary metabolic emzyme was able to
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transform an analogue of a secondary metabelite while the secondsry
natabolic enzyme was not.

The object of this research project was to purify and examine two
enzymes of the fungus Penicilijum cyclopium. These enzymes wers the
farnegylpyrophosphate synthase (EC 2.5.1.1.) and S-cyclopiazonate synthase
(McGrath et al, 1976, 1977) mentioned above. FPP synthase, the primary
metabolic enzymes 3 involved in the biosynthesis of squalene, while A-CPA
synthase, the sstordary metabolic snzyme, is involved in vhe Synthesis of
the mycotoxin, a~cyclopiazonic acid (figure #3.

Initially the ain was to develop an improved isolstion and purifica-
tion procedure for the fungal enzymes; and having purified the snzymes to
hoaoyeneitys the homology of these two enzymes wes %o heve heen investig-
4ated, However the relative instability of the furgal enzymes l=d to the
major part of this work being devoted to stablilising the enzymes and
optimizing the steps in their purification procedure in order to be able
to purify enough units of the enzymes for howelog: studies. McGrath gt sl
(1977} veported that the anzymes were unstable and in a persomal 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 amd may have partially denatured them. The pressure
may also account for the varying molecular weights that they reporied.
When this instability was found to persist even when other methods of
myzoiial rupture were used, & large part of this work was directed at
stabilising the erzymes and establishing the purification protocol (with
respert to time, resolution and the differant charactersutics of the
protein that were used for separation). Tha criteria for the purivication
protoco. were to firstly optinize both the yield of anzyme from a given
volume of culture medium (i.e, to maximis® initially the mass per 100 ml
culture medium and then the onzyme yield per type of nitrogen sourrel, and
secondly ¢o determine the most beneficial constituents for tne reconstitu~
tion buffers used in the purification process. The FPP and 3-0PA synth-
ases were then purified and their molecular weighss estimated using gel

filtration.
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2.3 BENERAL

All chemicals used were of the analytical grade with the exception of

the some of the trace elements in the celiture medium.

2.1.1 Enzyme activity assavs

One unit of enzyme is defined as the amount of .zyme that utilizes §
Brole 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
syn‘thasel the substrate ~as izopentenyl pyrophosphate (IPP) and for
f-cyclopiazonic acid synthase (#-CPA synthage) the substrate was
dimmthylallyl pyrophosphate (OMAPP}. The FPP synthuse utilizes tw: IPP
melacules per molecule of FPP produced and therefors the actual results of
the FPP synthase assay are twice the enzyme units of FPP synthasc present
and hence the enzyme units &re halved to arrive at the correct numuer
{figure &),

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 #-CPA synthase ax
well a6 those for IPP-DMAPF isomerase were adapted from McGrath et al
119773, In the initial stages of purilization the -mzyn‘u preparation otill

contained the isomerase which interfered with the assays of the FPP and

R-CPA Under these cir & toupled assay was used since
the veracity of the individual assays was doubtful. This coupled assay
measured the cosbined effest of the isomerase and the synthases, The
enzyme units derived from this zecay are meaningful in relation to similar
assays. Standwrdization of the assays was snsured by preparing and
freezing aligquats of the buffer, divalent cations, the substrates and the
reductant. In all assays the total assay volume, Facluding the enzyme, was

1 ml. The constifuents of the difforent assays wers as follows.
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COURLED ASSAY : The buffer for the coupled assay :nr\tai';ed 20 pmoles

Tris naleates pH 6.4, 1 Wmole DTE, 5 Kmoles magnesium sulphate,

39 nmoles cARtrp and 50 nmoles [:i-14C3-IPP (30 000 dpm).

FPP SYNTHASE ASSAY 1 The buffer for FPP synthase tentained 20 Kmoles

Tris naleate, pH 7.4, 5 pmoles magnesitm sulphate, I umole DTE,

50 nmoles DMAFF {unlabelled) and 50 nmoles [1-14C3 IPP (50 000 Zpm}.

The results from this assay reflect iwice the number of enzymz units

since two i1-14C) IPP molecules are Combined into one FPP wulecule.
B-CPA SYNTHASE ASSAY : The assey buffer for §-CPR synthase contained

20 pmoles Tris maleate, pH 6.4 5 Wooles magnesium snlphate,

1 gmoles DTE, 78 nmoles cycloacetoacetyl tryptophanyl (cAAtrp) and

50 nmoles £1-14C) IPP (S0 006 dpmd. 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 eguilib-
rium. The isomerase was inactivated by immersion in boiling water prior

4o the addition of the fungal enzyme. Sufficient DMAPP was provided in

this manner to saturate the #-CPA synthase. Random sampling of the

toluene layers Trom these assays was done to ensure that significently
more dpm werg present in the toluene layer than were atiributable to

R-CPA or o-CPA alone since there had to ve some DMAPP remaining at

the end of the assay for it to be meaningful.

ISOMERASE ASSAY t The buffer that was used for the isonerase assay
contained 20 pmoles Tris saleaim, pH 6.0, 5 pmoles magnesium

suiphate, 1 gmole DTEy 1 Mmole manganes sulphate and 50 nmoles

L1-14C3 IPP {50 000 dpm).

All assays were carrisd vut at 30°C for S or 10 mirutes. The assays
were started with the agdition of $00-200 K1 of enzyne extract (0.1«
my/m) protein voncentration) and stopped with the addition of & drops of
MgSDs~saturated HC1 {conc) fullowed immediataly by vortexing. For the
FPB gynthaue and the isomerase assays § ml of Toluenm solution {containing
1% of gersnial, farnesol, and merolidol (v/v) gach) was added o each
asaay tube and ’then aixed thoroughly, For the #-CPA synthase assay the
1 ml toluene added to the assay contained 72,9 nmal of «~CPA and -CPA
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t1.46 OD units, from uv estimation at 280 nm - log €=4.32). For the coupl-
ed assay 0.5ml of each of these two toluene solutions was used. The suspen-
sion was broken by centrifugation (2000 rpm - 5 min.). From the toluense
u.per layer 200 #1 were vemoved and added to 4.5 ml of a 2:1 toluene :
‘Triton X100 scintillant {containing 3¢ mg PPO and 0.33 mg MepPOPOR). For
the 8-CPA synthase assay the 200 #i were removed and trickled onto a
2.5 cm disk of 3MM Wnatman paper in the path of a stream of warm air from
& hair dryer. The disks were then placed in vials containing the above
stintillant. Counting was in an LKB Redirac BetaRack scintillation counter

for 10-20 minutes.

2.1,2 Protein determination

Protein was determined using ihe bradford method, The .methnd Was
adapted from Peterson (1983). On binding to the protein the absorbance
wavelength of Loomassie blue dye Shifts from 465 nm to 595 nn where the
absorbance it read. The stock dye solution used for all protein determin-
ations was made by dissolving 450 mg Sigma Brilliant Blue 6 in a 600 ml
solution of 94% ethanol : B8% phesphoric acid (1:2). Immediatety prior to
use the stock dye solution was diluted with 3 parts of distilled water to
form the dye redgant. Standards were made using Signa BSA to the fyilowing
concentrations ~ 5 Wg/ml, 10 Ko/ml and 20 Hg/ml. The mebhod of
linear suusres (see appendis) was used to construct a standard curve., Use
was npt made of a 50 Ngsml BSA standard since at concentrations higher
than 20 pg/m} the calibratiow curve from the Bradford method loses its
linearity, A reference sasple of 20 Ko/ml lysozyms was alsa prepared.

If the reference’s concentration wes wot within 20% percent of that of the
20 kg/mi BSA standard then the results wers not acceptable and were
vepeated (Petersom 1983).

Samples containing Hetween 5 ana 20 #g of protein were made up to
I mt and aliguoted out. I the protein contentration of a sasple was great-
er than 20 Mq/m!v it was diluted prior to the addition of the dye reag-
ent. 1.5 @l Uye reagent way added to each sample and mixed, The samples

g e

i;
;
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were allowed to stand for at lesst S hut not more than 15 minutes and then
read at 595 nm against distilled water om a Bilferd 2400-8

spectraphotoneter .

2.1.3 Enzyne_ substrates

The substrate for the IPP-DMAPP isomersse and the FPP cynthase aszays,
[1-14€) isopentenyl pyrophosphate (IPP)s was obtained from Amershams
.K.. Labelled dimethylallyl pyrophosphate (DMAPP) was obtained using pig
liver IFP-DMAPF isomerase that had besn partially purified to free it of
farnesyl pyrophosphate ant phosphatasa activity (2.2). Unlabelled IPP and
DMAPP were prepared by R.M. MeBrath. :

The preparation of cycloacatoacetyl tryptophanyl (cAdtrps was modified
from that of McGrath et al (1976}, Thin layer chromatography was used to
monitor the synthesis. 500 mg of L-tryptophan were dissolved in 5 ol
methans) and ehilled to O°C. 0.4 el thionyl chloride were added and the
mixture stirred for 16 hours. The mixture was warmed to room temperature
and stirred for annther £ hours. In 3 biphasic ethyl acetate : amwonia -
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 1
solvent axtraction (ethyl acetate and IN ammovial.

The ethyl acetate layer was evaporated to dryness in a wtream of dry
nitrogen. The residue, 508 mg of methyl tryptophan, was dissolved in 5 sl
methanol and treated for 15 minutes with sodium methoxide (35 ng Na in 0.5
ml mathanol). The aixturs was cooled to ~10°L and 0.5 @l Merck diketene
addad. The mixture was allowed to warm to voom temperature and stirred for
B0 hours. Once the reaction had reached completion the minturs was
Filtered and N-aceioacetyl tryptophan separated from sethyl tryptophan on
a Merck Fpug 2 mm silica gel preparative tic plate using a 20:5:3
tv/vivy athyl acetate : methanol @ ammonia {(cenc) developing system. The
N-anetoacetyl t'ryptnphanyl vas dissolved in henzane (20 m1) ard cyclized
by refluxing in sodium methoxide {40 mg Na in 0.4 ol methanol) for two
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bours. The mixture was chilled » 0°C and extracted with distilled water.
The benzene laver was removed & ) the witer acidified with HCD (cone).
Chlorofars was added and 551 ng of CAAtrp extratted into the chlsraforn
layer. The overall vield was B3.7%.

The synthesized cAAtrp was assayed in arder to compare it with an
authentic sasple of cAAtep la gift from P.5. Steyn of TSIR). Equal amaunts

of the synthesized cOPtrp and authentic sample were made up in the assay

- buffer, The results of the #-CPA synthase assay showed that the

synthesized product «as 21% more active than the suthentic sample.
2.2 PURIFICATION OF PIE LIVER ISOMERASE

2.2.1 Purification

A11 procedures were carried out ot 4°C. A pig’s liver was obtained
from the abattoir and froen immediately. The liver was allowed to thaw
until it was only semifrozen and 100g was diced. The diced liver was
homogenized for a minute in one and 8 half valumes of estraction buffer
(20 pi Tris maleates pH &.4, 1 oM DTE and 1 oM EDTA} using an Ultra Turrex
homogenizer. The homogenate was centrifuged at 14 300y for 20 minutes and
the pellet discarded. The supernatant was grnbrifuged at 48 000y for 3
hours and the peliet discarded. The superfztant was filtered through
Whatman No & Tilter paper (to remove lipids) directly into Visking
9-36/32° didlysiz tubing. The filtrate wee concenirated apainst’sucrose
for 45 hours until the suparnatant voluse was less than I19% of its
initial volume. The Hialysis ubing was tightened and the filtrate
dialysed with s*irring for 16 hours against a iitre of dialysis buffer
(20 m Tr-is maleates pH &.4, I oM DTE). The dialysis buffer was changed
twice. After aliquots had been withdrawn ‘or protein and enzyme activity
determination, the concentrate, together with Dextran Bluey waz loaded
ontc @ BO cm . 2.6 cm Ultrobel AEA 44 ges filtration column (fractionation
range ~ 10 000 - 130 00O da\tans);vuhich had previcusly been equilibrated
for 24 ncurs with buffer (10 aM Tris HEL, BH 7.5, § aM BTE). 400 mg of
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protein (14% ml) were loaded onto the column. The flow rate of the column
was 1B ml/hour. Fractions of 13 ml were collectsd and assayed for protein
and enzyme activity. Hasenglobin was used as an indicsior of the isorer—

ase’s position in the eluent as the isomerase sluted immediately after it,

2.2.2 lon Exchanga

DEAE celiulose (Whatean DE 52) was the cation exchange resin used, 250
ml of DE 52 per rim was used. The resin was prepared by stirring the gel
resin in 0.5 M HCI for 2 hours. This was foliowed by stirring in 0.5 M
NaOH for another twn hours. After the ion exchange resin’s pH had been
mjusteé t 7.0 with HCl, it was washed in 3 volumes of 100 oM Tris HCl,
pH 7.0, The resin was poured into a BO cm % 4 cm column and equilibratad
with & volumes of 20 mM Tris HCl, pH 7.0. The active isomerase fractions
from the Ach 44-gel Tiltration column {2.2.1) were puoled and lvaded onto
the ion exchange column. Any isomerase fractions where contamination by
FPP synthase was found or oven suspecied were excluded. The column was
then washed with another 3 volumes of the same buffer. The absorbance of
the ‘wask was monitored using a LKB Uvicord 47014 st 254 nm and the washing
of the folumn continued until the absorbance had raturned to that of the
baseline prior to loading. The wash was assuyed for the presence of enzyme
activity but none was found. The enzymes wore eluted using a linear

gradient (100 mM-400 sM Tris HCl, pH 7.0, 1 oM DTE}. Fractions of 7 mt

mere collectey and assayad Tor protein and anzyme activity. The protein

resaining on the jon michange resin was eluted with 400 md KE1.

2.2.3 Storage

Bincé the isomerase was only required for the synthesis of DMAPP, once
it was essentially free of FPP syathase, D00 R1 fractions with a speci-
fic activity of 0.21 enzyme units/mg and a protein concentration of 1.44
ng/ml were anu‘;untud into eppendorf tubes and stored in liquid nitrogen
where they were stable for up to 9 months.

§
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2.3 THE OREANISH - Penicilijue cvclopium

B.3.1 Standard Brouth

Penicilliun cyclopium Westling ATCC 7615 (formerly CSIR 1062). the
fungus used, was obtaired originally fvom the CSIR. In these experinents
the primary innoculum was started using freeze-dried slants prepared by
RuM. Mc@rath. The slant was flooded with steriie culture medium and
allawed to soak for i5 minutes, after which it was homogenized with an
Ultra Turrex homogenizer. The standard culture mediue used for the qrowth
of the fungus waz a wodified Czapek culture sedium developed by Neethling
(19783, The constituents are shoun in tahle 1. A1l culburing procedures
were carried out under sterile conditions and growths werz repested if the
growths distered noticeably from each other. The culture medium was made
in bulk und 100 ml aliquots were dispensed into 500 ml erlenmeyer culture
flasks. The flasks were autoclaved at 121°C for 15 winutes before use.
Both the primary and secondary innocula were yrown in a constant
tesperature room (25°C) at 18O vpm on a New Zrunswick G10 gyrotory 5 cm
orhital shaker.

All cultures were starsed with a three day growth of the primary
inmoculum usiny the standard culture medium. After the primarv innoculum
had grown for 3 days it was homogenised using an Ultra Turrax and 5 o
aliguots transferred to new flasks to form the secondary imnoculum. The
sacondary innoculum was grown for heiween two and five fays depending vn
the nature of the oxporiment. 1f any of the growths of the secondary
innoculum clumped after the initial 24 hours of growth they were
honogenised with the Ultra Turrex until the lumps bad bown broken up.
Growth was stopped by separating the mycelium and the culture medium by
filtration, The mycelism was frozen and the culture flitrate stored ad 4°C

with a trace of chloroform if not imeediately used.




TARLE 1 s The nubrients nf the standard culture medium, based on those

of Neethiing {1972}, are shown.in the table.

STANDARD CULTURE MEDIUM CONSTITUENTS

Glucose

Sodium nitrate

Dipotassium hydrogen phosphate
Potassium difiydrogen phosphate
Magnesium sulphate

Fotassium chioride

Sodium borate

Amroniua molybdate

Copper suiphate

Hanganese sulphate

Ferrous sulphate

Zinc sulphate

pH adjusted to 5.5 and made tu
post sterilization pH

ey
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2.3.2 3 ¥ the Mveceliue

ne of the reasons aseribet to the insthility 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 (198%)
repovted that the preparatiow 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 myselial rupture, a
cosparise: of the ice shear press pethod of MeBrath (1978) and the acetone
dried powder method, together with the freeze drying method, was dong.

#11 procedures were tarried out at 4°C unless otherwise specified.
Initially three sethods of mycelfal rupsure wera attampted before freeze
drying was selected as the preferred method of mycelial rupture far the
purification of the enzymes. Before a freeze dryer became available the
preparation of acetone dripd powders and the homogenization of the
nycelium were ussd. Later it became Teasible to freeze dry the mycelium
and this sethed of sycelial rupture was investigated. In all three
cosparisons of the mycelial rupture methods were dore - firstly the
voracity of an acetone-dried powder was compared to homogenisation;
socondly the acetome drying and freeze drying methods were compared and
thirdly these last two methods ware rompored to the ice shear press method
of rupture under tonditions almost identical to those used by McBrath et
8L (1978 1977). Figure 5 outlines the methods used,

2:3.2.1 HOWOSENIZ2ATION

The secondary innoculum, whish had been grown for two days, was
removed from the chaker and the mycelium separated fros the culture pedium
by filtration in a buchner funnel. Two culture flasks vere used for the
homogenization. The mycelium was washed with 500 ml 10 *¥ Tris HCl, pH 7.5
and 3 m4 DTE and then homogenized for two minutes ucing ap Ultra Turrex
hosogeni zer. Th:} howogerate was centrifuged (110 6009 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 % : A schematic outline of the sethods of myceiial rupture
used far the preparation of FEP synthase ard 2-CiA

synthase.
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enzymes. Two sanples: one which was homogenized and not centrifuged and
the other which was centrifuged and not homogenized, were includec for
comparison. At no stage in this sethod of mycelial rupiure was the

wycelium storad pending further processing.
2,3.2.2 ACETONE DRY POWDER

The secondary innotula, grown as in 2.8.1 adove, were stopped on the
second day uf growth. The mycelia and culture media were separated by
filtration and the mycelia placed in acetone precooled to ~70°% with dry
ice, The mycelia ware allowed to warm to 4°C {about 2 hours) and the
acetone filtered off, Ini‘tially 2 double wash of the mycelium was done in
order i ensure the removal of any residual water. However a camparison of
the single and double wash prepu_fatinns was done and it was found that the
erzyme unit yield of 2 doubla wish was as 1ittle as half that of a single
wash. As a result the single wash was selected as the method of choica,
The mycelia were dried under vacuum for 2 hours and then ground to a
coarse powder with a pastle and mortar. The powder was stored at ~30'C
whera it wat stable for more than 12 months,

The acetons dried mycelial powder (250 mg) was reconstituted by the
addition of reepnstitution buffer (10 mM Tris HGly pH 7.5, 1 oM DTE)
followed by twief stirring with & spatula. The reconstituted aycelium was
allowad to stand for twn hours after which it was centrifuged at 110 000g
for 1 hours The pellet was tiscarded and the straw-coloured suparnatont
flitered through Whatman No 4 Filter paper. The filtrate constituted the
crude preparation and was used for further processing and for enzyse

arkivity and protein assays.
2.3.2.3 FREEZE DRYING

The cultures, grown as in 2.3.1 aboves were removed from the shaker on
the second day of the sezondary innoculum. the mycelius and the culture
medium were separated by filtration and the aycelium washed in the buchner
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funnel with the reconstitution buffer (10 M Tris HC1, pH 7.5, 1 mM DYE).
The mycelium was then freeze dried over 3 two to three day period in a
Virtis SRC 10 freeze dryer. Care was taken to prevent the sycelia thawing
and thereby risking damage to the enzyass during the process of freeze
drying. The dried myct.ium wos ground ta & fine powder using a Phillips
coffer grinder and stored at ~304C.

The powdered mycelium (250 sg) was reconstituted in recanstitution
buffer in the same manner as the acetone dried powder (2.3.#.2) and
centrifuged at 110 000y for 1 hour. The pellet was discarded and the
supernatant filterad through Whatman Na & filter paper to remove any lipid

material, The filtrate was used as the crude preparation.
2.3.2.% ICE SHEAR RUPTURE

The culturess grown as in E.3.% above, were removed from the shaker on
the second day of the secondary innotulum. The mycelium and the culture
medium were separated by filtration and the mycelium washed In the huchner
funnel with 10 M Tris HCL, pH 7.9, 2 sM A-mercaptoethanol and 1 mM EDTA.
“The wcelium was then shaped in the ice shear press and frozen in dry ice
tMeBrathy 1972) A pregours of 800-300 psi was applied to the press and
the prass allowed to thaw. When the aycelium had reached a critical
temperature the pressure forced the semifrozen myceiium through the siove
at the end of the press and the mycelium was thus ryptured. The ruptured
mycelium was then refrozen in dry ice.

Twe grams of sheared mycelium werd thaved ant stirred in four voluaes
of 10 =¥ Tris HCls pH 2.9, 2 mM A-sercaptopthanol and 1 ot EDTA for an
hour, The mycelium Was then centrifuged at 310 009g ¥or 1 hour and the
peilet discarded. The supgrnatant was filtered through Whatman No & filser

paper and the filtrate used as the crude preparation.
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2.3.3 of_the culture medium

The nitrogen source of the standard culture mediue was varied firstly
to maximize the mass of the myrelium per culture flask and secondly to
maximize the activity of the FPP and #~CPA synthases. The nitrogen spurce
of the standard culture medium was substituted in four exporiments with
various concentrations of corn steep liquor, mycological pepione, malt
aextract broth or sodium aspartate. Enhanced concentrations of sedium
nitrate were also tested in these experiments. The nitrogen sources awd
their concentrations for ¢hese experiments are susmarized in table 2.

A primary innoculum using she standard medium was grown for 3 days far
each of (he four experiments. The nitrogen sources of the secondary
innocula were changed to those in table 2. For all four experiments the
growth of the secondery innocula was for five days. The filtrates of the
cUltures for the third experiment were extracted with acidified chioroform
and read against chloroform at 2BC nm to guantify the amount of o~ and
R-tyclopiazonic acid produced by the orgonism (log €=4.31 at 280 nw).
Aliguots from the chloroform extracts of the filtrates of the sodium
nitrate-hased culture mediem (12, table 2}, sodium aspariate-basad culture
medium {17) and both mycological peptone culfure media (14 & 1%) were run
on a Merck Fasy silica gel HPTLE plate. The HPTLC plate was developed in
a system of ethyl acetate : sethanol 1 amsonia (conz) 20:5:3 (v/v/vi. The
plates wore sprayéd with van Urk’s reagent {1 g 4-dimothylaming benzalde-
fyds in a solution of HCl {coni) @ 96% ethanol (1:3)) %o detect the

prasence of iwdoles

2a3utt of Enzyme Pr

Tuo culture media with enhanced nitrogen sources, topether with the
standard culture medium, were used to grow culfures for this experiment,
Both nitrogen enhanced culture media used 80 g/1 glucose. Dne of the
nitrogen anhanseu culture media used ¢ g/1 sodium nitrate while the cther
usad 10 g/l sodium aspartate as the nitrogen source. Apart from these

i
t
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TABLE 2 1 The growth of Penicillius cyclopiym on culture sedia with
varied nitrogen sources and in sr@ cases enhanted carbon

sources are outlined in the tihile,

Nitrogen source Media Other detail
o/l pH

EXPERIMENT ONE

1 Sodium nitrate b 5.8
B Corn steep liquor 3.0 6,0
3 Mycologizal peptone 3.0 5.9
4 Malt extract broth 20.0 b2 glucose omitted

EXPERIMENT THO

5 Sodium nitrate 4,5 9.6
& Corn stemp liguor 5.0 .1
7 Mycological peptone 5.0 4,9
8 Malt extract broth 20.0 5.0 glucose omitted
9 Malt extract brothi+} R0.0 5.0 40 /1 glucose added
10 Sodium aspartate &7 8.0
EXPERIMENT THREE
13 Sotium nitrate 4.5 3.0
12 Sodium nitrate b0 5.0
13 Sodium nitrate 9.0 4.9
14 Mycological peptone 8.0 S5.2
15 Mycelogical peptene 12.0 5.3
16 Svdiam aspartate 2.0 5.5
17 Sodium aspartate 2.0 S
EXPERIMENT FOUR
1B Sodium nitrate 4.5 5.6
19 Sodium nitrate 6.0 B.b 0 g/1 glucose added
20 Sodiue nitrate 9.0 5.3 80 g/1 glucose added
21 Sodium aupartate 10.0 B.b 80 971 glucose added

Apart from the nitrogen sourze all media conskituents
wora those of +he standard culture eetue unlues
otherwise specifisd. Where Changes were made it the
glucose concentration that wes altersd. Mali extract
broth and mycoiogical pepton® were from Oxoid. Malt
extract broth contains 15% mycological peptone by weight.
Madia pH was determined after sterilization.

All cultures were done in duplicate.

bed
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alterations of the nitrogen and glucose seurces the tonstituents of the
culture me;ﬂa were those of the standard culture medium {teble 1},

A primary innotulum was grown for three days using the standard
culture medium. €-condary invocula were made inta culture flasks
containing the three different nitrogen sources. Gver and ahove the three
different culture media examined. the effect of the lemgth of growth of
the secondary innocula was also examined. The cultures of the secondary
imnocula were stopped on days two through Tive. In other words a three by
four matrix (culture sedium by growth time) of growths was performed. The
growths were removed and the mycelia prepared using the acetone dry powder
method (2.9.2.8). A doubie atetone wash was used. 250 mg of @ach of the
ayeeiis were raronstituted in 10 aM Tris HCL, pH 7.5, 3 oM DTE, 10% (v/v)
9lycerol for 2 hours and then certrifuged at 110 000g for 1 hour, The
cupaernatant was assayed using the coupled assay to determine dhe activity

of the enzymas present in the reconstituted mycelium.

2.4 STABILITY OF THE FUNGAL ENZYMES

After determining that up to &0% of the enzyme activity of a crude
praparativa was being lost over & 24 hour perind, &n investigation was
instituted to maximize the stability of the crude enzyme preparation. The
investigation focused on she elewents of the reconstitution hof¥er in
vrder to establish firstly whether one of the vlemenis was tesbabilizing
the anzyne preparation and secondly to optimize the buffer’s vluments. The
recons* i tuted mycelial preparations were stored at 4°C vor the duratinn of
these experiments. The mycelial prepa: avions werp asssyad B4 hourly For up
to six or seven days depending B the resscoa) snegmg sedivity found,

In all cases the mysniion was reusnseideter o -ourostit Stun baffor
for two hours and cenbrifuged (130 0000 Fut 1 Atur} S Pe s aadant
filtered off, The filirate consbituted dhe _sude Rropoy  blan Tor gws
stability expnrimsnts.

4,
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2.4.1 Sulfhydryl refuctants

Reconstitution buffers with oithiperythritol (DTE) concentrations of
LMy oMy 8 oM amd 5 oMy and S-mercaptoethansl (10 aM and 20 aM) were
matie. The other components of the huffer were 10 aM Tris HCls pH 8.0 and
1 nM EDTA, Hoth primery and secondary innotula were grown using the
standard culture eedium, The myzelial powder was prepared using a single
acetone-dry ice extractisn. Samples of 250 my of acetone-dried myceilal
powder per buffer were reconstituted in the reconstitution buffer. The
veconstituted mycelial preparations were assayed for enzyme activity on

days Oy 1 and 2.

1% was found that when the activity of the porcine igomerase fell over

a perict of time it could be completely restored by treating the enzyme
for 30 mirutes, with the addition of 3 mM DTE (final concentration). The
fungal enzyme reconstiiution containing 3 aM DTE showed the greatest
stability of the DTE roductants and wes treated with an additional 3 et
DTE for 30 mirutes on day 4. Both the treated and untreated samples were
askayed fur enzyme activivy.

Feh.2 Divajent cations

Primary and secondary innocula wers grown ast prepared as for the
sulfhydryl reductant ssperiment (2.4.1). The cample buffers, based on
10 aM Tris HCl, pH 6.0+ 2 oM DTE and 1 oM EOTA, were supplemented with
conzentrations of 1 My 2 ¥ and 3 oM magriesium sulphates 1 oM and 2 AN
marganese sulphate and one buffer thaot contained I mM sach of bagmesium

phate and The reconstituted mycelia were assayed
for activity on days Oy 1, 2 and 3. The scmples supplemented with 1 mM
and 2 mM magnesium sulphate as well as the wontrol were also assayed on

Bay 6.
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2.4.3 Chelating agents

Primary and secondary innocula were grown and prepared as for the
sulfhydryl reductant experiment (2.4.1). Anounts of EDTA to final
concentrations of O M, 1 sit and 2 mtt EDTA were separately added to a base
buffer of 10 mM Tris HC1, pH 8.0 and 2 mM DTE, The reconstituted

preparations werz assayed for enzyme activaty on days Oy 1, 2y and 3.

2.4.4 Glycerol

The examinatiun of glycerol as a supplementary element of the reconsti-
tution buffer cteurred in two stages. Initially buffers :ur;tainim; 10%,
15% and 20% glycerol were used. Subseguently buffers with glycer
concentrations of O%y 2%, 4%, &%, B4 and 10% were used. Following from the
results of the eramination of chedating agents (2.4.3) the use of EDTA was
digeontinued in thiz and the follewing exporiments.

For the first experiment primary and secondary innocula were grown and
prepared in the same nanmer as the sulfhydryl reductant experiment
{2.4.1). The basic buffer used for this experiment was 10 m¥ Tris HCl, pH
8.0 and 2 mM4 DTE. Individual buffers wers supplocented with 0%, 15% and
BO% (v/v) glyceral. Al these concentrations were the final ones. Two
additional samples wers prepared for this experiment. These were firstly a
0% glycerol — § oM MgS04 supplemented buffer and secondly & sample that
was reconstitubed ovevnight rather than for twp hours using the 104
glycerol supplepented tuffer. The samples were assayed on days 0, 1, 2, 3
and &. It was found that no significant advnntnq3 was gained by using more
‘than 104 glycerel in the reconstitution buffer.

Fallowing on from the rasults of this experiment, coupled with the
increased viscoi ity of the buffer (due to the glycernl and the low
Temparature - 4°C), the basic “wifer, 10 oMt Tris HCY, pH 7.9 and 2 aM DTE
was supplesented Individually with 0% 2%, 4%, &%, 8%, and 10X (v/v}
glycersl :nncen'trations. Sawples of the acetone-dried mycelium from 2.4.1




- were prepared in the same manner as the first supplemental glycerol
experiment. The enzyme activity of the reconstitution was assayed on

days Oy 14 2y 3 and &.

£.4.5 Buffer e

‘The reconstitution buffer was made up at different pH’s and the
stability of the reconsiituted enzyee preparation at these pH’s
exanined. The counter jon used was maleate since the buffering range
of Tris HCY does not extend below 7.0. The pH’s examined were B.O,
7.8, 7.0, 6,5 and 6.0, The Tris concentration was 10 millinolar and
2 mM DTE ang 10% (v/v) glycernl were added as well. Both the primary
and secondary innocula were grown and prepared with the same wethod as
the sulfhydryl reductant experiment (2.4.1), The reconstituted
mycelial preparations were assayed for gnzype activity on days 0, 1,
2, 8 ang 7.

2.4.6 Buffer i ;_strengt)

During preliminary ion exchange experiments 1t was observed that
the funga® -2nzyme appearad to be more stable at ionic strengths higher
than 10 aM Tris, The effect of ionic strength on the stability of the
raconstituted siceliue was therefore examined. Tris concentrations of
10 mMs 20 &My 50 mM, 100 mi\ and 200 mff ware utilised for this
eiperiment. 1 mM DTE was added and the pH vas adjusted to 6.0 with
HCl. No gliycerol was added to the:buffers usad in this experiment as
none hat been used in the ion exchange xpuriments. The sycelial
powder used Yor this experiment was prepared using the method in 2.4.4
above. Assays for enzyme activity were carried out on days Oy 1, 2, 3

and 7.
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2.5 PURIFICATION OF THE FUNBAL ENZYMES

For the purification of the FPP and #~CPA synthases of Penieillium
cycippium 3 large stock of mycelium was prepared. The culture sedium
contaired 10 9/1 sodium aspartate as the nitrogen source as well as 80 g/l
gluczose. Diharwise 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 2
Phillips caffee grinder and stored at ~30°C. Later when a preponderance of
@-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 3& hours. A comparisor of the relative sizes of the
peaks of these two enzymes from the 36 hours stock on elution from a LKE
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.

& schematic outline of the purifivation procedure is shown in figure &.

2.5.1 Crude fractionation

Two and a half grams of freeze dried mycelium were reconstituted in
50 M Tris HCY, pH 7.5, 2 oM DYE, 10% glycerol for 2 hours. The
reconstituted mycelium was tentrif:gad ab 110 000g for 1 hour at 4°C and
the pellet discarded. The superpatant was filtered through Whatman No o
filter paper to rempve the lipids. The resultant filtrate was contentratod
te a volume of less than 20 ml under nitrogen at 55 psi in an Aeicon 52
concemtratar using a PM10 menbrane, Because an increased bufier viscosity
16 known to reduce the resolution on the gel filtration and ion exchange
columns (Pharmacias 1985) and since the buffer elements had been optimised
to give an acceptable stability over a throe day period (2.4), glycerol
was exciuded ertirely from the buffer after the concentration step.

Otherwise the buffer remained the same.
“
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FIGURE & An outline of the purification protocol established for the
FPP and -CPA synthases fron Pepirillium cycloplum.
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2.5.2 el filtration

The gel filtration media used was UltroBel AcA 44 which has &
fractionation rsnge of 10 00 ~ 130 000 daltons. The AcA 44 gel
filtration colunn (80 m % 2.4 cn) was equilibrated with S0 mM Tris
HCl, pH 7.5, B aM DTE, for 24 hours before use. The sample (< 20 ml -
2.5.1) with a protein concentratiaon in the region of 7-10 mg/e) was
toaded. Blue dextran 2000 was used as & front marker and myoglovin (MW
17 500) as a back marker for the enzymes. The enzymes were
fractionatsd on the AcA 4 colunn avernight at a flow rate of 18
ml/hour, Fractioms of 13 ml were collected. The fractions were

assayed ¥or protein and for FPP and A-CPA synthaze activity.

2.59.3 Ion exchange

The catlon exchanyer used was DEAE cellulose Whatman DE 52. 100 al
of ion exchange resin wers prepered by stirring for B hours in 0.5 M
HED followtd by 2 hours in 0.5 M NaGH. After the fon exchange resin’s
¢H had been adjustad t0 7.0, 1% was washed in 3 volumes of 100 aM Tris
HCl, pH 7.0 followed by & volumes of 50 mM Tris HCl, pH 7.0. A 11 cm x
2.5 cm colunn was poursd and equillbrated with 50 e Tris HC1s pH 7.0,
2 mM DTE buffer, for tiko %o three hours prior o use.

The active fractions fram the gel filtratjon purification step
i?.5.2) of all three enzymes were ponled and lcaded onto thz lon
exchanger. The losded column was washed. The wash was monltored with
a LKB Uvicord 47018 and thy wash continued until the absorbance had
returned to 1ts base lavel  The enzymes were eluted using a linesr
gradiont of 100 M = 400 mM Tris HCly pH 7.3, @ mf DTE  Fractions of
7 ml were colletted. Protein remaining on the column was eluted using
3 409 oM KCI selution. The fractions from the gradient were sssayed
for protein and far FPP and -CPA synthase activity. The active - °
fractions were pooled and dlalysed against B aM Teis.HCl, pH 7.8, 2 »%

DTE. .f the preparations were stored for longer thah overnight an
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equal voluee of glycers] vas asded to the ingividual fractions {final e
concentration 504) and the fractions storsd at ~30%C. Y
‘ !
X 2.5.4 Ispelectric focusing |
. 2
P

A flatbed agpes atus was constructed to ¥it a 30 ca BioRad electrofocus- fne e

T ing plate. The method used was essentially that recommended by HioRad for
their apparatus (1982). Bio-Lyte electrofocusing gel was prepared by

|
!
swelling 10 g of ressn in distilled water for 2 hours and then washing the \
' resin in 10 litres distilled water. The gel was manipulated as a 100% i

slurry and alloved to settle overnight. 100 w1 of gel per run was used. B

i Initially a broad pH range of LKB ampholytes was used (pH 3.5-10). Once {

the pl’s had buen established, ampholytec with a pH range of P 4.0 = 6.0
were used. the ampholytes were used at 3 B% comcentration (5 el per 102 ol
gel of LKB 40% ampholytes). Six wicks were cut to size and were wetted
W with distilled water -d $nserted across tne ends of the ges ted. These

H wicks enabled excess moisture to be wicked off from the gel once it had

' beers poured. The ampholytes ware mixed with the electrofocusing gel

H slurry which was then degassed. The slurry was poured into the Juvel

focusing plate. Excess moisturs was wicked off at the electrode ends until

! the surface of the gel at the ends of the gel hag a gramular sppearance, .
ol The sasple used for isselectric focusing was elther a crude

N preparation of the 36 hour stock or the relevant active fractions from the

7 ion exchange step (2.5.3), Initially problems were experienced in implem-
enting the technique with lpss than 1% of the protein loaded onto the gel

being rerovered afier focusing. s a result crude preparations were used

for focusing in order to establish the prior to the

focusing of the relevant frattions from the ion exchange siuent.
The sample was prepared prior to focusing by dialysis against 2 aM
Tris HEly pH 7.5 2 eM DTE. If the volume was in excess of 2-3 sl the

sample was concentrated at 85 psi in an Amlcon 52 concentrator using &

PMIQ mesbrane prior to loading. After an aliquotr had been taken for enzyme
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ac¢ivity and protein determination the sample was loaded in the centre of
the plate using the BioRad sample applicator. Further wicking was appliwd
to drein excess moisture from the gel until the whole bed had a gram.lar
appearavce. Three or four of the wicks at each end were reacved and
replaced with a single wick spaked in the appropriate slectrolyte. At the
cathode the slectrolyte was i ¥ NaGh amd at the anude 't was 1 N HPD4.
The plate was inserted inte the pracoo'ed (7°C) electrofocusing tank. The
electrodes were positioned on top of the wicks that had been soaked in
electrolyte. The bed wac run a$ 3 comstant 10 W {100CV maxiaum} for
betwoon I8 and 14 hours using a Shandon Vokam 2000-300-150 power scurce.
Az the ampholytes formed the pH grac.ants the resigtance of the gel
increased. As a result fhe curront fell alad the voltage §ncreesed from an
jnitial value of 450 V to a masimum which was set‘at 1000V, Initially
forusing times of 14 hours sere used but once it had been established that
only 2 hours was vetessary to focus the proteins this became the
preferred time.

After the pioteine had been focused: the power was switched off and
tWo myelar strips iwsevied perpendicularly into the gal - one in the
nigdla and one at the side. Onte the myelar strips wore wetted they were
respved and dried immedistely with a hairdryer to avoid lateral diffusi.am
of the protein bands. No protein was visible when the yetur strips wens
wxamined urder UY 5o the strips were sprayed with nipbydrin %0.detn.* the
presance of any provein present. This sharpnass of the bands on the ayelar
witrips were a good indication of the success of the run.

Without wasting sime the wicks were removed and a fractionating grid
was ingerted into the bed. The ead of the grid was flush with the cathodic
side of tha gel bed. The ged fracrions were scvaped out using @ aicro
spatula and 1.5 ni of distilisd wator mised with each fraction. The pH was
determined and § ml of 100 aM Tris HCX, pH 7.5, 2 o DTE added Yo wach
fraction. This addition of buffer brought the pH to within 0.2 pH units of
7.5 in 21} cases. The fractions were assayed Yor enzyme  tivity and the
protein :nn:wne!'ntinns determined. The active fractions ¥ then eluted

on a Saphadex B-25 column (30 em x 9 cod that had been previously
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equilibrated with 50 eM Tris HCly pH 7.5, 2nM DTE. The enzymas were
zollected in the void volume. Blycerol was added to the purified frariions

to a final concentration of 20% {v/v).

2.5.5 Polyacrylamide gel electvophoresis

Folyacrylamide gel siectrophoresis was used as a qualitative means to
establish the purity of the enzymes. A vertical slab gel apparatus was used
topother with a Vokam Shandon Bouthern VS00/150 pawer pack. The two glass
plates were cleaned with hexana and ethanol to be free of vaseline and
grease. Two perspex spacers for the sides and one for the bottom were
gream-in vasaline and clamped between the glass plates to forr a sealed
unit. The gel solution, consisting of 12.% ml 30% acrylamide, 2.2 ml 1%
bisacrylamide, 6.2 ml 1.5 ¥ Tris, pH 8.7, and 3.8 nl distilled water was
mixed and degassed. 10 A1 TEMED and 0.1 ml 10% amsonium persulphate were
atided ta the gel sclutien and mixed. The gel solution was carefully poured
into the prepared plates and a % ml layer of distilled water gently lald
over the top. When the gel had polymerized (45 ~ 40 minutes) the water was
drained off. 12 pl TEMED and BO #1 were mixed with &4 al of the
stacking gel stock solution (consisting of 10.0 g acrylamide, 270 wg
bisacrylamide. 2.0 g Tris adjusted to pH 4.8, and made up to 200 =l with
distilled water) and then degassed. The loading comb was inserted at the
top betwesn the two plates and the stacking gel was poursd in between the
comb anct the gel. :

Afger the stacking gel had polymerized the zonb any bottom spacer were
repsvad. The plates were then cladped into the tank. Running buffer (144 g
glycive and 30 y Tris in 1000 1) was diluted ' 3 2 with distilled water
and theo poured into the upper and lower buffer chambers. 10 £1 or
20 11 of sample were mixed with an egual volume of glycerol. This was
heater at 90 for 5 winutes. The sanpie was loaded using a micropipette.
The anode was in tne upper thamber and the cathode in the lower one.

The gml wis’ run at either 150 voles for S hours or 40 vplis overnight.

fromsuhenol blue was uskd %o indicate how far the samples had run. When




the bromophenol biue indicator had raacmn‘i‘ the battos the power was
switched off, The plates were remov.d frnmtthn apparatus, separated and
the gel dislodged. The gel was stained for 90-120 minutes in a solution of
Coomassie Blue (1 g Sigma Brillisnt Blue 67in a solution of 1000 m water
t 500 ml methanul : 75 1 glacial acetic acid). The gel was destained in
destaining solution (1000 wi methanol and 150 ml acetic acid diluted *o
2000 ml with distilleo water) until the prbteSn bands werg clearly

visible. The desteining solution was changed 2-3 times.

2.5.6 Enzyen storage

As 50¥ glyceral does not Traeze at ~30°C the enzymes were stored as

50% glycersl solutions in 2 oM DTE at -30°C.

2.5.7 tplecular_weight determination

The molecular weights of the FPP synthase and 4-CPA synthusc molecules
were estimated using the Ultrogel Ach 44 ged filtration colusm. Molecular
weight markors were purthased from Sigma, The markers used were alcohol
dehydrogenase (150 00U), Bovine serum albumin té6 000}, mgg albumin
(43 000) am ~arbonit anhydrasz (2% 000).

Hesses of araund 3 mg of the markers, fogether with Ulue dextran 2000
{Sigeal, were dissolve” in B ml of distilled water. A small amount of
glycerol was added to increase the viscusity of the solution and thereby
ensure & more uniform load on the colusn. The colusn was loaded and run
overnight &t a flow rate of 15 mi/he. Froctions of 3§ w1 were collected
are read at 254 nm and 226 nn to deter..ine protein, Samples of enzyne were
run under identical conditio. directly after the marker proteins and the
active fractions determined by assaying for their activity.

The logio of the molecular weight was plotted against the ratie of
FfFp where F s the fraction nudber ang Fg is the number of the
fraction whare ‘the blue dextran eluted from the colusn, A calibration
tirve was cnns:;-u:tud and the molecular weights of FPP synthase and 0=CPi

synthage then resd off the calibration curve.
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3,1 GEMERAL
3.1.1 Fnzyme sctivity sssavs .

Various priblems were experienced in ensuring that the assay results

reflectad the true situstion apropos enzyne activity. These problens were

Firstly in oi ng betwean PP isomerase and FPP synthase in
the sbeerce of 3 gas chromatograph with a detector £apable of detecting
either of the products of the enzymes at the concentrations used in the
assayss and secondly in the assay of 8-TPA synthase. Radioactively

labelied 14C DMAPP could mot be purchased commerclally and bulk

* preparation and storage of DMAPP wa inadvisable since it was unstable

aven when frozen at -30°C, Therefore the porcine liver isamzrase (2.2)
wac used fo provide immediate supplies of DMAPP for the asssys. Since the
assays for the purification needed only to be relative, any discrepancies
ir the absolute amounts of DMAPP prement were of 1ittle consequence so
long as there was an ewcess of DMAPP present.

The method used to distinguish between FPP synthase and isumerose was
8¢ follows. Hoth enzyme preparations werg ass?yed a% gH 7.4 and at pH
5.0, The conditions of the assays were in all nther respecis the same.
The enzyme activities of the assays were compared. It follaws from the pi

optima reported for these two enzymes (Mclrath gt gl. I977F thats wshore

the char )e fram pH &.0 to pH 7.4 resulted in an increase in ing o
activity, fha enzymo was FPP synthase and where the converse was foumg.
the enzyee was the isomerase. This method mnabled the rasative pesttions
of the enzyees on “on from ihe lon exchange and gel riltration roluans
to be determined. wiere bure FPP synthase was assayed the actual enzyms
units measured was in féct half that observed since two labelled IeP
muleties combine with one unlabelied DMAPP moiety.

The assay for the B-CFA synthase was modified from that of Mebrath
gt 3l (1975, 1977). Instead of silicza blc plates being run or the samples
heing steam lﬂsgi]led, iy were 10aded onto Whatman SMM digke and the

volatile alechols evapuorated in-a stresm of hot air from a hair dryer.

B
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Comparative studies were done to determine whether this modification gave

similar results to the silica plate method of McGrath gt al (1976) and the

rasults were always found to be within 4 % of each other. .
MeBrath gt al (19771 raported that #-CPA synthase was not susceptible
to Henaturing by EDTA but rather was susceptible to manganese sulpnate

/ "
i while the converse was true for the isomerase. FPP synthasc was suscep~

tible to both EDTA and to a lesssr extent manganese sulphate. A report by
' | Cress gt ) (1981) reported snather secandsry metabiolic enzyme, dimsthyl-

allyl pyrophosphate : L-tryptophan dimethylallyltransferase (from

Claviceos sp. SDS8), that shuws & similar lack of susceptinility te EDTA.

An attempt was to establish whether this lack of inhipition of g-~CPA b
B synthase could be reyroduced and whether it could then be used to advan—

tage in the awsay of A~CPA synthase. In the A-CPA synthase assay the

addivtiuﬂ af IDTA tg the porcine IPP-DMAPF isomerase after {t had beon
aliowed to equilibrate would shbviate the need $o inactivate the poreine
isomerase by boiling priow' to the addition of the fungal A~CPA synthase
being assayad. Furthecmors EDTA would negate any @ffect that contamine
ating fungal isomerase might h;va an tha smount of DMAPR avallable Far the o ,4"
#-CPA synthase. The Standdvd assay prorecure for @-TPA synthase vas vsed
12.1.1) with the exception thet inactivation by boilifig of the porcine
isomerasz was ivitially replaced by the audition of varisus concentrations
of EDTA. Later bailing the porcine isomerasw wap used in addition to the

addition of EPA. Thuni initially EDTA wes interded tn replace builing in

trder to iractivate &hd isomerase, The rationale behind thy'use of EDTA
wes 56 that the pool o IWAPF produced by the porcink isonsrass would net i
increass through the actlon nf‘ cantaminating fungal isomarase dqr!nm the
perior of the B~CPA Synthase assay and thereby. lead fo dissimiler DRNAPP
concentrations in the respective assay tubes. *

Because § oM magresium sulphate wae present in the assay mixture ‘ ®

concentrations of O aMy 1 ;M 2 nM, 3 mM, & oMy 5 @M and & aM EDTA wen o '

examined. In other words only the & mM EDTA sample effectivaly had an
. excass of EDTA (5 1 nM) while, apart from e S n¥ EDTA samples.the

f Gther samples all had sufficient MySiy to activate the isomerass.

The results, shown in table 3 and figurs 7, shaw & gradual decline on




8-CPA synthase activity.

b TABLE3 3 The effect of varisg EDTR conmentraticss on the assey for

£DTA Enzyme
concentration units /al

NO HEAT TREATMENT

o oM 11.85

1 12.16

2 oM 10.88

R 8.77

4 m 7.64

5 nll 3.52

5 nit 4.59
UERT TREATHENT

0 n¥ Gusa "

1M 8.84

2 m¥ 847

3 mH 7.26

& oY 5.04

5 mit 2.32

6 oM 0.57

Once the isoherase had reached equilibriun

the resetion miviure was hoat treated by

igmerzion in tpiling vater for a few minutes
ta inactivate the ivomerase. Then the aixtura
was aligueved out and EDTH to the above cono-
ventrativuy added. cARlep way than added and
*he mivture uged %o sssay the J-TPA synthase.




FIBURE 7 : A plot of the effect of a varied concentration of EDTA in

the assay buffer for 8-CPA synthase activity, The two sxperi-
nonts shown are Firstly where the “isoperase was geactivoted

: with heat prior to the addition of the A-CPA synthase (D)
and secondly whore the heat treatment wes nwtted and the

EDTA relied on to inactivate the isomerase (0).'
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increasing EDTA concentration. Because of the presence of 5 aM MgSD4,
only the 5 i and & it EDTA samples are pertinent to this discussisn. In
Fach with'the I:1 retio betwesn EDTA and.MgeSs the results mimic the
MgeSty Fitration curves reported by MeBrath et al (1977) for the fungal
formy and Holloway and Popjak (1968) and Berthorpe gt al (1977) for the

porcine form of tne isomerase. Examination of the S aM EDTA (effectively

‘" no free EDTA or MuSD4) and & mM EDTA (effectively | mM free EDTA) samples

in the table (o heat trestment) show 3 slight increase (3.92 to 4.59) when
free EDTA becomes available. This increwse as Tree EDTA became availabls
was found reproducibiy when immersion in boiling water was not used but it
vas never observed when heat inactivatien 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 cocled to 3Q°C after which #-CPA synthase was assayed. with
the exception of the increase from 5 aM EDTA to & mM EDTA the results were
sinilar to those bbtalned without heat inectivetion itable 3).

1t is clear that the adﬂiﬂ-rm of free E)TA did show an ingrease in the
anount of R-CPA produced snd therefore the activity of the #-CPA synthase
did increase. Why however this mnhancing effect of free EDTA was lost when
tle poreine isomerase wae inactivated by teiling is unclear. Care was
taken to ensure that the boiled reaction mixture had returned to 30°C
befare the addition of the 4-CPA synthase so any detrieental effect on the
B~CPA cynthase was prevented, Furthermo). no ready expianation can be
offered for the higher enzye2 units for EVTA concentrations O oM - 4 mM
than that of & ai} EDTA which is meant to favour the A~CPR synthase.
Rapetition of the assays in tne complete ahsence of any cations together
with a well defined DMAPP (i.e. a pure synthetic form} would bhe desirable
to verify vhother or not g-UPA synthase is suzceptible to EDTA. Mowever in
the context of thio xr;vesei-;annn the inhibition pf the isomerere by KDTA
was not’ proven and therefore not incorporated in the g-UPA synthase assay

procedurg,

)
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3.2 PURIFICATION OF PIS LIVER ISOMERASE

The purpose for initially purifying the porcine liver enzymes was
two fold, firstly because a source of IPP-DMAPP isomerase was needed to
corwert IFP to DMAPP for the A-DiA synthase assay. Only partial
purification of the isomerase was mecessary for the purpose of these
assays since only factors that could reduce the comcentration of DMAPP
would interfere with the assay procedure. Thus the jsamerase
preparation had only o be free of FPF synihase and phosphatase
activity. Hollowsy and Fopjak (1947, 1948) assayed for phasphatase and
at no stage found it to be a consideratlon apropos their isomerase
assays. The contaminating FPP synthase on the other hand would hava
reduced the DMAPP conicentration by combining it with an IPP unit ta farm
GPF and then with another IFP unit to form FPP, the final product of FPP
synthase. Therefore the isomerase had to be free of FPP synthase.
Porcine liver was used as the source of isomerase rather than a fungal
source firstly because A-TPA synthase, which also utilices DMAPPs is
absent in porcing liver and secondly batause the porcine liver isomerase
is both mare stable and has a higher enzyre yield per gram of starting
material than the isomerase of fungal erigin,

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

While the rezolution on the AcA 44 gel Filtration cofumn waw shown
ty separate the isomerase from FPP synthase, the ior exchange step wis
used as a further purification step for the isomerase as trace amounts
of FRP synthase contaminated the isomerase preparation. A typical
purification profile of pig isomerase is shown in table 4, The
isomerase eluted from the AcA 4% gel filtration column immediately after
haemoglobin which was used as an indizator of the {somerase’s positian.

FPP synthase was Tound it elute just before haemolglobin. Thys is




L
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1PP-DMAPP isomerase.

TRBLE 4 : & typical purification profile of porcine liver

Fraction

Pratein conc. mg/m
Enzyne units »  U/ml
Specific act. U/mg

Bel filtration
Protain conc. wg/ml
Enzyme units Usml
Spacific act. W/mg

Ton exchange
Protein conc  mg/ml
Enzyme units  U/ml
Spocific azt.  U/mg

torage conconirabs

Pratein cong  mglal
Enzyme units U/ml
Specific act. U/mp

Filtrate (couplgd assay)

0.14
0.15
1.07

The gel filtration and inn exchonge results
reflect the paak Yroct¥ons of the cluticn
profiles. The storage contentrata is the
stock isomerase that was

for the #~CPA sywthase.

3o in the assay
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ronsistent with the findings of Holloway and Fupiak (1%968}. The
szparation of the isomerase and FPP synthase can be clearly seen in the
elution profile of tha AcA 44 fractlonstion (figure Bi; FPP synthase is
the first peak ttubes 12 - 14) and isomerase the second one (tubes

18 ~ 21).

Tubes 18 through 2! were povled and loaded onto a DE 52 ion exchange
coluan (11.5 tm % 2.6 tm). The ocnzwmes “ere viuted with & linear
gradiont of 100 aM-400 mM Tris HEl, pR 7.9, & a¥ DTE (figure 23. The
fractions were assayed for enzyme and protein activity. The active
fractions of FPP synthase-free isomerase were pooled and the buffer
exchanged on a Bophadex 624 column {30 cm x 0.9 co) unu&lihraied uith
10 M Tris HC1, pH 7.5, 2 oM DTE. The poolsd fractions were
concentrated {wo fold on a Anicon PMIO membrane, aligquoted inta
500 p3 fractlons and stpred in liouid nitrogen. .

This concentrate formed the basis of the stock of isamerase that was
used for the preparatinn of DHAPP from IPP in the assay of the fungal
enzymes R~CPA cynthase. On storage the isomerase had & specific
activity of 1.07 onzyme units/mg and a protein concentration of
‘0.14 mg/nl. ‘The purificstion factor for the slordge concentrate of the
icomerase was 6.8, Uhilo roporded valuss of homogeneous isomerase are
considerahly higher thaen thic (Banthorpe ot al, 1977}, the isomerase was
eosentially froe from FPR cynthase activity. Nptwithstanding the fact
that the izonprase was only partially purivied. after the separation
from the FPP gynthase it was ctored . ‘.iquidknitrng:n ¥for long pericids
of timo. Bome loss of activity on storahe did occur but this was +ound

b be reversible by the addition of 2 oM BTG,
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FIGURE B 1 The' elution profile of porcine iv.h 4. .crase on a AcA %4
gel filtration column (80 tm x .0 <et. Fractions of 13 a]
ware collectad. : . "
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FISURE § : The elution grofile of porcine liver lsomerasc an a DE 52
ion exchange resin (20 m x 4 cm) using a 00 aM - 400 mM
Tris HCl, pH 7.0y 1 mM UTE buffer. Fractions of 7 mi were
2 collected,

- FRATTION MR

[P,




sO—

PR S

3.3, THE ¢ Penigijtiue
2.9,1 Standard arowth

Growth of the organism was achieved in a reproducible manner with less
than 10 % variation betwéan successive qrurtha. Fungi, like other
microorgahismss have a genome that mutates éasily and it is possible for

sponsihle for the production of a secopdary metabolite {“b he

the pathuay 7
suit‘uy:’l?ed off or ‘mﬁ entirely under certain :xr:u»stmt;és. The startgr
culfires of Penicilliym cvrlopiup that were to be uséd fp7 the primary
fohocita ware fraezy dried agar slants stored in ligusd nitrogen, To
astablish whathir the trusze urutﬁ slants still had the facility to
produce - ant g-tytlppiazonic acids, the glants were used to .
innoculate a growth Msing the standard culture medium. After five days the
Srowth, of the secondary innoculun was stopped and the mycelia and
filtrates exiracted with acidified chloruforn. The axtracts were run on
tlc plates in an ethyl acetate s methanol : conc amponia (201333) systan
and ware Zprayed with vam Urk’s reagent. The o plates showe that hoth
eyctopiazonic fac%\d! were produced and hence the freeze dried sients wers

used for starting| the primary inmocula.

, The filtrate from the secondary innoculum was asseyed for enzyme
activity using the coupled assay supplesented with unlabelled DMAPP. No .
enzyne activity was found in chy Fiitrate. This finding is consistent with
tne findings of other workers {HcBrath ef al, 1977). It follows that the
Wnzymes in question must be present in the mycelium. The presence of the
cell wall surrounding the mycelium presented a probles. The cell wall,
being Tar mire rigid than the ‘x’:lll membrane, mgant that a far harsher
meang of cell rupfure nad to be found for the Tungal mycelium than was
uxed for the porcine liver, McGrath gf gl (1976, 1977) used an ice shear
preis to rupturie the aycelixl cell walls. Thay however found that their
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* acetone-d
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enzyme priparationd were unstable. Furthermore they found that the

_proteins themselves showe varying characteristics when analyZed using

conventional protein chemistry methods. Herman (1985) on the other hand
repories that theyse of acetone-dry ice yielded a stable enzyme
prbpa;'atiuh.

Compariuon of acetone dried nycelia with mjcelia prepared by extensive
hnn;ugenssatien shued that five tines nore protein was derived from the

ice n‘yfthod {part ones table ). The enzyme units from the

“acetona dried mycélia as measired by the coupled assay Werw up to nine

fold greater than those of the hamﬂqlnafl. Two points are interesting ¥o

\.dt! here. The first is that comparison Qf the protein concentrations

gg that isation failed to 1y rupture the mycelium.
The second point i thats while the ovarnight YEFunﬁﬂtuQiun produces 50 %
morg enzymesupits than the 2 hour rEI:unsﬁtutinl;, their protein :m"u:Intra—
4igns are similar. This strongly suggests that the enzymes are x:méz‘tld
with subcellulsr structures such as the cell membrane.

65 @ result the preparation of a dry ire-acetons'gowder was utilized
to rupture the mycelial cell wall. Initially immersion in'the acetone-cry
ice mixture wa repested a second tine to make Sure all the water
wolecules had been removed from the mycelial preparation, Howsver a
comparison of single and douhle wach!preparabions showsd one and a half
times the yield of enzyme ) !nit; for a single wash compared to t,don washes
{part onas table 3). Hance 'fnr the acetons drserf pn«:m methmﬂ ) -anl-’r

! .,
Later sowaviy A freeze nry.r b Y“‘ lVa!hB ® anddy as the reconsti-

um was usmd anifusively thercafte

tuted pvqmrnwns Aron. acytane dr xer powders werw not sufficiently stable
for pur m:mun of Yty whrymes, thmJithnu wa% also {nvestigated as a

Jmeens of Fupturivgd the wscelial cell wall..Part tho of table S shaws a

comparistn oF b stwtpne-dry ice and freeze drying methots of myceifal
rupturm Froe o490k bl nf the table It £an be swen that the fradus dried
ayce m.n\mj more pruénn arel Boro enzypw units than the atwtons orisd
ayenise J»: specific activity of the.acetone dried powder method was )
nlqniﬁtmtly Iovar than the Treeze drind (3.24 U/mg as opposid te 5.03




u Protein .. Enzyme  Epecific
_cont.  minits  activity
“rginl my o mU/ng
PART ONE !
Acetonz dried
1 wash (1.01g) 0.51 2.06 4.04
2 washis (Q,985) 0.54 1.35 2.49
Honagentate
cabtrifuged 0,14 0.23 2.09
Filtrate. 0.20 0.0 0‘.00
Homogerats %
not centrifuged 0.8 R} 1.03
PART The) e
Acztone dried
nitrata nediun 085 2.80 3.38
aspartste medium 0.39 1.2% a.84
Truwss aiied
nitrats medium .84 3.ee, 3.82
1457 7,30 %.03

aspartate medive’
o g

The masses givan for the acetone dried mycelia are the
dry weight (yislds of & growths (200mi) of tulture medium.




U/mg) and so freeze drying, as a method of celi wall rupture, was the

method of choice for the purification.

]

It bacame apparent during the investigation into the mnst optimal
buffer tonstituents that the method of.mycelial rupture had only an
indirect effsct on the stability of the fungal enzymes. Several other

workars working with enzymes from fungal sources reported that the enzymes

[P Ser—r=r rap er~r~rvgrer

were markedly unstable in tosparison to enzymes from vertebrate forms

(Cress gt gl, 1981, Eberhardt and'Rilling, 1975 and Lee et al, 197&). As a

[

result a comparative study was underjaken in ordéf to sstablish whether

the ice shear press method used by McBrath gt g) (1974 1977) was directly

T

responsible for the unstable and variable gharacteristics found by %hef),

The study was-undertaken in twp parts — ficstly the stability of the crude

preparation and secondly the eluent from a cation exchange resin, Whatman

e

DE 52, were sxamined, In keeping with the condf‘tions uged by McBrath et a)

11976, 1977} the sulfhydry] reductant used in this comparison was 2 mh
g-mercaptoRthanol. Together with g~mercaptopthanol 1 mM EDTA was used in
the 10 aM Tris HCle pH 7.9 buffer. Theresults are shown in table &.
Unfortunately the pressures used by them could ndt be reproduced on
the press and the mycelium was ruptured at between a third and a haif of
the pressure used by them (200-300 psi in place of 400 psi). The table o
shows the assay results of the crude preparation and the eiuent from the
DE 52 inn sxchanpe. McBrath in s personal cosmunication indicated that

loss of activity on elution from the culumn was ripiﬁ"AE\)lmediate. Hence

both xets of assays ware only done & rmurJ/ after the enzyses hsd been
eluted fron the ion exchange. If 2 rapid loss of activity bad occurred on
#lutitn from the ion exchange colunn then'mo activity would have been

. apparent after this time ptriud. As antivity was observed -ft-r the lag

period this investigation fu
nethod ir the SnstabdLity founi) by MeGrath et #l. Equally it failed to

bd to implitate directly the ico shear press

zonclusively prove the converse. A major contributing factor in this
investigaticn that would ¢e have o be eliminated is the lower pressures
used. While Ao:‘)‘pli may damenaz proteins, there is nothing to sugpest that
200300 psi mulvt necessarily’ follow wuit,
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t THBUE & 1 A conparison of mycelial rupture using a ice shear press

! with those of preparing acetone and freeze dried powders.
Two sources ders used ~ the crude preparation and the eluent

from a DE 32 ion exzhange column. ND = not determined.

Protein  Enzyme SpeciWic #
LD conc.  Usiits  activity
G og/ml /nl L
CRUDE PREPARATION I

W §

Frosze dried K - \ i
nitrata audium 0.84 3.20 3.82
aspartate mediun 1.49 7.50 5,08

Acetone dried

©  mitrate medium 0.65 2.20 328
aspartate medium 0.39 1,25 3.2

Ice shear press - B
nitrats medjue 0,65 2,20 3.38
aspartate Jediun 0.39 1.25 2.2

7 ,
10N EXCHANBE ELUENY

Fresze dried - )
nitrate metiup ND 0.66 Ny
aspartate medsln . ND 0.68 N «

Acetone driad |
nitrate medium ND 0.57 D

' oaspartate edium ND 1.08 N

Ice shear press [
nitrate mediun N 0483 W
aspartate mediom ND 0.78 ND .

A



3.3.3 ment :h 1tyre mediu

Fungi have a very primitive fors of homeostatic regulation to maintain ‘

& constant pverall metabolic balance and consequently they tend to respomd
tu the circumstances of their environment in a vary direct way. They tend
ta grow at the fastest possible rate when Shere is 2 plentiful supply of
all the essential nutrients. When these one or more of nutrients are
N depleted the basal metabslic rate decreases and the organisi’s metabolism
* becomes unbalanced as verious primary metabolic pathways are slowed or in
) some Cases reverskd toc provide the brganism with the missing essential

nutrients. Neethling and McBrath (1977} demonstrated: this by measuring the .

. depletion of 1ipid ‘material over the tourse of a growth.

Jwg feature. of an uncontrolled rate of growth is that an inordirate
amoumt +* insaluble material is wynthesized by the fungus in the form of
; c&ll walls and membranes. Vhi immediate tonsequence of this is that for a
i given aass of fungus far mé 12luble protein is obtained than for example
[ porcine 11v.\'M.f'§':nqumtiax1y a tergar amount of mycelium is neaded to

. : ohtain a sufficiint guantity of the enzymes in question for their

purification sinck) these snzyses are soluble or at most weakly bound to
the £211°s inner nembrane (McBrath gt als 1977), For this reason it was
therefore desirable to masximize the mycwlial mass per flask in order to
increase the ovarall yield of the enzymes. thv the specific yield of
enzyne per gram of myceliue would in all Likelihdod resain the sames tha ) s
increaszd mass would mean an increase in the total enzyme present in the "
mycelium. i ' i
Nesthling and YcBrath (1377) showed that the depletion of nitroged in

the culture medium wak an important factor for sultc(/ing the astabo’isa

from the growth phase (trophophase), where the none Mf the mtriwt‘s‘-rl

Mmiting and prowth is iy inte " w s-rycloplazonlc #nid prod-

uction phase (idiophase) where the nitroge tuurck $s gepleisd and the

qrawth“ne. has slowed completely, I has been stown that if the nitrogen
source is kept constant, increasing the toncentration of the carbon source

iin these !xpll"lmnt: limited to glucose) favours the production of other




secondary metabolites at the Expense of s-cyclopiazonic acid (Nover and
Luckner, 1959, Holzapfel, 1980). While the aim of this section was to
increase the mycelial mass yields, it was essential %o ensure that
#-cycicplazonic acid proguction was not lost. Bearing in mind what has
been mentioned apropos the nitrogen source, it is clear that the most
suitablie nutrient ¢o manipulate in order tp increase the mycelial mass
yigld was nitrogen. Thus in thess experiments to incresse the mycelial
nass yield the nitrppen spurve was the only one that was altered -
T;th!rtdsﬂ the cif.ture mediym used was the standard medium (taﬁlﬂ 1). Where
ine :unceﬂtratinn‘ of B w}t.—awen source was substantially increasad ¢
Y30 % over that of the Vitﬂndan'd medivm) ¥ was assumnd‘tm:t the glucose
cancentration couid alsc be increased by a sintlar amount withi st
upsetting the nitrogen / glucose balance tn any significant extant (see
cultures 19 to 21, table 2 above).

A series of four growths was undertaken in order to ieprove the yield
of myceiial mass per culture flask (f.e. 100 ml). This was done by varying
both the concentration and the nature of the culture medium nitrogen
source. The resulis of these four growihs are susmarised in tables 7
o 10, ; i

Neathling {1972) reported that utilizing corn steep liguor as the
nitrogen source Yor gronth gave a ten fold greater yield of mycelial mass
than that of sodium nitrate, the nitrogen source wuad in tﬁ! standard
tultur mediuss Herman (1985) alco reported an increased miss of mycelium
using corn steep liguor as the nifrogen :nurc”:. However the vh‘at:h of carn
steep liguor used in these growths failed even to match the masses
achieved with the standard culture sedium {tables 7 & B).

Two other general cylture media for fungi, Oxoid mycological peptone
and Oxnid malt extrast broth, were also examined. Malt extract broth
Containg sufficient carbor source in 1bself and thus with ome excoption
the growths using this nitrogen source contained no a\ddiﬂunal glucose.
Despite this the malt extract broth-based cultures yieldsd about half the

mase when compared Y0 the standard culture medium (cultures &, B and 9).

The sddition of glucoss to culture ¥ In growth 2 showed that the lask of

s
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TABLE 7 : Mycelial mass yields of cultures grown with variad culture

medium nitrogen sources - 1.

Nitrogen source Media  pH after  Mass  Colour
g/litre pH growth  g/Tlask

1 Sodium nitrate 4.5 5.0 5.42 1,43 white

2 Corn stesp ligeor 3.0 b0k 4.7 0.4 light brown

3 Mycolagical peptone 3.0 - 5.9 4,05 0.81  beige

4 Malt extract broth 20.0 6.80 6,28 o.78 mitky Brown

Standard culture sedia apart from the nitrogen sources wers used.
Blucase was omitted from the malt extract broth culture, Tha mait
extract broth and the mycological peptone were from Oxaid. The malt
extract broth contained 15% mycological peptone by welght.

P11 cultures were grown for S days and were dor ~ in duplicate.

TABLE B 1 Mycelial mass yirlds of culturss grown with varied culture

medium nitrogen sources - 2.

Nitrogen source Media  pH after Mass Eolour
Ty g/litre growth g/flask
9 Sodiua nitrate 4.5 5.58 6,87 1.43 white
& Corn steep liquor 5.0 B.41 4,58 0.38 1ight brown
7 Mycological peptone 5.0 4.92 4.00 1.53 light yellow
8 Malt extract broth(-) 20,0 4.98 &.14 078 dark brown
9 Malt extract broth 20.0 4.97 6.92 0.60 yellow/hrown
b7 5.04 5.80 a4 white

10 Sedium aspartate

Standard curdure mediun was uced with the exception of the nitrogen source.

The Malt extract briith{-) culture had nn gluzose added to the medium,

A1l cultures wore grown for 5 days and were done in duplicate.

Sy
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TABLE 9 1 Mycelial mass yields of cultures grown with varied culiure |
medius nitrogen seurces - 3,

Nitrogen source (Media pH after Mass Absorb  Colour
g/ljzre ' pH growth g/flask 280 na
11 . Sodium nitrase) 4.5 4.98 6,31 1.22  0.38¢  beige ;
18/ Sodium nitrate 5.0 4.95 6,48 1.59  0.395  beige
17 - Sgdium nitrate 9.0 4.92 7.05 1,68 . 0,335  beige
; 14 Sobiilin aspartate 2.0 5.50 .27 1.69 0.380  beige
1§ Sodium cspartate 12.0 5.56 7.17 1,73 0.310  mustard
. 16  Mycological peptane 8.0 5.19 4.02 1.48 ©0.258  beige
' 17 Mycnlogical peptone 12,0 5.31 4.51 1.85 0.375  beige

B The standard culture mgdium was used with the exception of the nitrogen source.
The_ahsorbance at 280 fim is that of the chlroform extract of the acidified
tulfurs medium at the snd of the growth pericd, This estimation gives an
intication of the possible presence of a- and 4-CPA.

A1l culturas were 5 day growths and were dome in duplicate.

|
|
I
TABLE 10 : Mytelial mass yields of culiu*es grown with varied culture

medium sources and an enhanced corncentration of 80 g/1 of

glucose.
i
§ Nitrogen Sourte Glucose Meria pH afior Mass  Colour
g/litre  g/litre  pH growth  g/flask
9!
. v

N 18 Sodium nitrate 7S £0.0 3.60 5,40 145 clear waite
' 19 Sodium mtrate 6.0 BG.O 5.58 b.12 1.¥B  clear’ white
ot 20 Sodium nitrate 9.0 80.0 5.53 7.8 B.05  milky white
1. ! " £ Spdium aspartate 10,0 50,0 5.8) 5.3 2,02 milky white

Standers culture media with the exception of the nitrogen and carbon seurces
wers uséd, Cultures 2 to 4 were supplementedUwith an additional 80 g/1 of
glucose (80 g/l tatal conzentraticn). .
Estimation 6% the o- #nd 8~CPA concentratibns uas noi cone,

All cultures were S day growths and were don# in duplicate.




b1
growth Was not duc to insufficient glucose. The tontrary was observed in

that when the nalt extract broth was supplemented with glucuse, the

sycelial mass yield was decreased. Halt extract broth was discarded as a H
potential nitrogen source in the third and four grawths.
The initial growth with mycological peptone as the nitrogen source
failed to match the mycelisl mass yilds obtained with the standard o
‘ culture medium (culture ). In the second growth mygological peptone was
used in conparable gram smounts ta sodium nitrate and the growths give
equivalent mycelial mass ymn\ tculture 7). In the third growth <table 9}
the mycelial mass yields far thlr mycalogical peptone-based zuiture medium
o o5 wera high. However the coaplebe Avsencs of a-cyclopiazenic acid in the
filtrate led to this nutrient beiny discarved as an alternate scurce of
nitrogen in the culture medium. §
Nesthling (1972) alsn reported high miss yields for aspartic acid,
serine and glutamic acid amongst other nitrogen sources that she tested.
fAspartic acid in the form of sodium aspartate #as examined as a potential

nitrogen source in rowths two, three and four. The nasses obtained from

rsrths hased on sodiom aspartate were In all cases similar to those of
e squivalent hass of sodium nitrate. In the third growt) the addition of

an axtra 8 g/} to the culture medium resulted in a minimal increase of

i i
mass and he’r\y)-: 10 g/1 was selected as the corceniration for tha fourth

wrowth.
) e For the third growth (tabla 9) the Tiltrates were acidified antf extrac-

Q{ " " 4ud with chloroform in order to a;m-mne whether using the increased
!_N‘ nitrogen sources the nrglnim was ltn! prudu:inq a-cyclopiazenic acid

! O‘ over the period of growth. The absorbances at £80 nm of the eatracts are
I N shown in table 9. The absorbances Trom the sodium aspar‘élte-hu!d culture
i : " pedia were slightly I(fﬁlr than those of the nitrate<hased culture media
HE while the mycnlagl:‘»l‘plptoni‘bnld growths showsd similar but erratic

," o} absorbances. E«mme\ of ’?;cﬁnﬁurat' extracts (30 y1) from the & g/1

l sadium nitrate-based (12, table 9) and the 9 g/l souium aspartate-based
‘gﬂ (14, table 9) cultures as well as both af the nycological peptone-based

cuitures {Bg/1 and 12g/1) (14 & {7, table 9} were looded on a HPTLE plate

PR T T .
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and run in an ethyl aretate : methanol s uone ammopta (25:3:3) system. The
plates were stained with van Urk’s reagent 4o detwct for the presence of
indoles. The resuli is shown in figure 33. 7t 15 evident that there was no
- and g-cyclopiszonic acid present in mither of the extracts of the
mycolopical peptone-based cultures. o-tyclopiazonic aci”d was however
present in ronghly equal amounte in both the nitrate and aspartate-based
culture media. Mycological peptone was thue discarded as an alternate
nitrogen source.

In the fpurth growth (table 0} thé twy promising niirogen sources,
sodium aspartate and soAium nitrate were used in concentrations of & 9/i
and 2 g/1 in the case of the former and 10 g/l in that of the latter. The

Mucose concentrasion was raised by 20 /1 to B q‘/l. The continued

production of o-CPA in cultures grow

1th changetl nutrient
constituents havihn been established in the third experiment, no
determination of cyclopiazonic acids was dome in this experiaent. The
results are shoun in table 10. It can be seen that the increzaad glucose
1zd to roughly &80 % increass in the mycelial mass per growth.

Having abhieved a signifizent (40 %) increase in the madss yield, the
‘enzyme yields of myzelia grown in sodius avpartate and snriched nitrate
were mxanined firstly o cosure that the enzymes in questlon were sbill
produced and secondly to determine the &nzy:;.e yields from these nitrogen

TOUrCes. ;
.
o
3.3.4 Maximizabion uf sndvme productién

In section 8.3,3 it was shown that increased mycelial mass yields
tould be ohtdined by varying the nitrogen source present in the culture
medium, It was a\sn wshown that this did not markedly affect the production
of a-tyclopiazonic acid., Howsver it wap assused thet in the cultures
grown with a different ni®.aen scurce the specific yields of the enzymes
per grah of mycelium would be similar to' those of the standard medium-

bnwed cultures, The investigation in this section set out to establish




' FIGRE 10 .\numpari‘m;a of, a-cyclégiazonic acig production on

) tle plates from 5 day growths or culture media that had
- 7 enhanced nitroges. sources. These nitrogen sourses are
(2} & 3/} sodius nitrate-based (12, table 9), (b} 9 g/l
sodiun aspertate~bazed (18, table 91, snd (c) B 971 and
id) 12 /1 mycnlegical peptone-based cultures (14 & 17,
table 9). The blue stain on the tic plate is the positive

van Urk’s stain for the presence of indolvs.

{a) by tod (6}
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whether this was in Fact a valid assumption,

Having found that enriched nitr 2t aspar culture
media yielded incressed mycelial masses per litre of culiure medium, the
yields of snzyme uniis were determined for these two culture media. The
enzyme yaﬂl;ld from the standard culture medium, which was used as the
coniroly ;n 21%o determined. The mycela were raconstituted 10 M Tris
HEly pH 7% 2 sM DTE and centrifuged and filterad to fore the crude
preparation, ¥ further purification was tarried wut and the coupimd assay
was used tb determine the relative enzyme acvivities.

The Bature of the nitrogen seirce is in Stself a factor affecting the
rate of growth n{ the crganism. Sudium nitrate is converted by the Tangus
intn ammonia bl/ﬂr! it iv wtilized, Aspartate is converted to fumayate and
aw:nia throuq,i the action of aspartate ammonia-iyase. Given that over the
period of the growth phase the ratio of enzyne o mycelial mess is likely
to be fairly constant and that the rate of growth of the fungus could well
vary with the nature of the nitrogen source, the yield of enzyme may vary

with the length of time that the culture was grown for. 7o this end the

"day on which the chncentration of enzyme was maxinal was datermined by

c;rryir-,g this study eut over a four day pefiod. The secondary innocula
were remaved on days two throuqh to ﬁvl for this purpose. The rasults ars
shown in table 1 and fiqurls 1 and 12.

Froa table 13 xe can be suep that the secord day of the secondary

innoculum praduced the highest rumber of enzyme units. This is in

agremaent with McBrath gt @l (1977) who found the maxieal enzyme
concentritibns after 56 hours of culture. For the aspartate-besed growths
grrplrl‘bdnnl on day 3 had 24 % of vhe sctivity nf ﬂiy 2. The nitrate-based
growths showed i&n&hr losses from day 2 to day 3. Tﬁl fall in enzyme
activity would be consistent with the switch From the growth phase to the
idiophask at the time. In other words the nitrogen becomes rate limiting
and the netabolic balance of the uryanism decomes unbalanced and protein
is broken cown. Tie rest of the discussion in this sect{on will centre on
the results of day 2. '

i
Ed




5

&5

TAELE 11 3 The npiimel production of 25 B+ % and 5 day growths of FRP

ani 4~CPA synt-=ses using enriched nitrogen o re media.

Celture Growth  Media Mycelisl Ppm  Enzyme
bzdium Pericd pH yield units
/days g/100m} /assay Wal
Bodium nitrate 2 - ND 1.08 955 - 2.96
450mg per ¥lask 2 ND 1.50 135 0.4
Blucpse & 5.93 1,45 100 0.10
&g per flask 5 6.38 1.46 117 0.12
Bodium nitrate & ND 0.96 1215 1.2R
900y par flask 3 HD 1.3 ©.33
Blucese 4 7.08 1.77 320 0.38
89 per flask 5 687 1.94 120 0.12
Sodium ampartate 2 ND 0.95 B9RS £.53
1000my per flask a ND t.28 517 0.48
Blucose 4 H.89 146 236 0.84
8y per flask 1 S.47 1.59 295 0.29
JESES:

ND = vot determined.

The mycelial yield is per 100 m) of culture medium, The assays
were for 5 minutes and 200 #1 of enzybe extract was used.

All samples were dome in duplicate.
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FIBURE 11: A plot of the enzyme activity of the enzymes from culfures
grown over a four day period on culture media containing
4.5 g/1 NaNDg v}, 9.0 ps! NiNDa (s) angd 10.0 9/4
aspartate (0). The glucose contentrations of the last twe
cultures were BO g/l sach while that of the first culture

was &0 §/1. ' 7
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FIGURE 12 : A plot of the mycelial mass yields of cultures grown over a
" four day perisd on culturs media containing 4.5 9/1 NaNO3
te)y 9.0 g/1 NaND3 (a3 and 10,0 g/1 aspartate (). The
glucese concentrations of the last two cultures were 80 9/1
aach while that of the first culture was &0 g/l.
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It is also evident from the table and the figures that the
aspartate-bused cultures on the secomd day yielded twice the amount of
enzyne compared to the enhansed nitrabe-based cultures and two and a half
times compared to the standard culture sedium. The enhanced nitrate-based
culture medium showed a paraliel increase in enzyme yieid over days 8y 3
and & when compared to the standard culdure medium (figure 11). This is
consistent with the assusption that while the enzyme would increase with
increasing mycelial msss, the specific yield {U/g mycelium) would ramain
constant.

Once the aspartate-based culture medium had shown an increased yield
of mass and specific enzyme yizld, the stability of the aspartate-based
culture medium was comparec to that of the nitrate-based calture medium.
It was found that reconstituted mycelium from the aspartate-based culture
medium had 3 similar stability to the reconstituted mycelium from the
nitrate-based culbure meginn. The comparable stability of the
aspartate-baced culture medium, toyether with its higher yieids of enzyme,
led to it being used for the bulk preparation of freeze dried mycelial
powder for the puritication of the enzymes. But betore the emzymes were

purified, their stabilitv in reconstitutien buffer had to be optimized.
3.4 STABILITY OF THE FUNGAL ENZYMES

The buffer initially used for the reconstitution of the acetone dried
powtar was 10 mM Tris HCl; pH 7.0 1 mM DTE and 1 mM EDTA (Herman,
1985).  The freeze dried powder used for enzyme purification did not
yield uniform reconstitutions - nor were they sufficiently stable for the
purification of tho enzymes. 1In 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
aycelium and to dotermine whether any particular element of the buffer way
degtabilizing the reconstituted mycelial preparation,  The ninimum periog

in whicit the purificution could be effected was three days and thus the
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loss of activity over 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
prepsred as an acetons 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,

2.4,1 Sulfhydry] reguciants

The concentration of the sulfhydryl reductant, DVE, was varied from

1 mM to S oM. B-mercaptoethannl at concentrations of 10 @M and 20 mM was
alsp included in this study. Otherwise the buffer was kept constant at
10 mM Tris HCY, pH 7.5, 1 oM EBTA. The vesults are summarissd in table 12
and figure 13. ‘.o most important Testure of the results is that a 60 %
loss was still observed after 48 hours. The increased DTE failed to reduce
the loss ot enzyme activity. Equally the alternative sulfbydryl reductant,
R-mercaptbethanol, while chowing a slightly smaller loss of wctivity over

~ Saysy still Jost eixty percent of its activity over this periecd. It is
of interest to note that both the higher DTE and 2-merraptoethansl
toncentrations (3 u‘aH /5 M and 20 mM respectively) led to a mcre unstable
reconstitution, nnx p;ssihle explanation of the greater instability of the
enzymes &t higher concentrations of sulfhydryl reductants is tkat the
reductants thesselves are Interfering with the catalytic function of the
snzymes. The addition of i a sulfhydryl s 10 assay

salutinng has bewn reported to inhibit FPP synthase (Holloway and Popjak,
1968, 19693, Notwithstanding thiz anomalys it became clear from the
results that the sulthy ryl reductants were not implicated in the
destabilisation of thu v*ycnnstitut:d mycelium and at the concentrations
used in the reconstitution ant purification butfers (1 sMy 2 oM and 3 o)

were sufficient for their task. Thus the study turred to divalent catioms.

T
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TABLE 12 : The effect of sulfhydryl reductants in the reconstitution

buffer on vhe stability of the enzymes of the erude

praparation.

Bulfhydryl reductant  Proteln  Bay & Tay 4 Day 2

i il $loss /el K less
41 ok Dithioerythritel 0.2 047 0.2% B 003 9
22w Dithiverythritel 0RO 0. 8.25 ® 07 K3
A 34 Diviverythritol 020 0.5 (%2 L N k4
4 5 Dithiserythritol  0.27 0,47 j5:3 4% 008 ki
510 o $-Nercatvethanel 024 O 0.59 % 0 k2
b 00 ol ffercatoetharol 224 8.30 0.48 8 L 0

The basic buffer contained L0 A Tris HED (final - pt B.03, 1 oM EDTA {final)s
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FIBURE 13: The ¢ bility of the enzymes of the crude preparazion
aver a two day perisd in buffers containing different
concentrations of sulfhydryl roductants. The respective
concentrations ave 1 oM BTE (o,—, B mt DTE (D),

3 mM DTE (S5mn)y § oM DTE (S, 10 m¥1 @~MELOH (oy-m)
and 20 mM G-MELOR (e,--), ’

A

ENZVIE INITS U/ml

o 12 24 k) a8
‘ A RAGE OF THE RERONGTITUTED MYCELIUN  houry
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3.4.2 Divalent cations

The catalytic activities of the funéal forms of both FPP synthase ang
isomerase show a requirement for divalent cations (McGrath gt al, 1977).
FPP synthase had a preference Tor magnesium at an optimal concentration in
excess of 5 oM. Concentrations of more than i mi Mn2* inhibited FPP
synthase, They also reporied that §~CPA Synthase showed no requirement for
vither divalent cation. Manganese was in fact found to have a imhibitory
effact on R~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 sbove their functien as
tofacturs for catalybic activity.

For each test the reconstifution buffer (10 mM Tris HCI, pH 7.5, 2 M
DTE ind’ 1 aM EDTA} was supplemented with magnesiom onlphate (1 aMy 2 mM or
5 oM}, manganese sulpnate (3 WM er & &M} or both (1 M of wich), The
contrel was not suppleoented with either cation. The results are shown in
table 13 and figure 14. Supplemental wanganese haa a destabilising effect
on the roconstituted mycelium and buffers supplemented with manganese were

thus disregarded. The of mag amgd {1 mM of

pach} showed a similar stability profile to that of 1 aM manganese and was
alsp disvegarded based on the destabilisation by the manganese. The lover
zoncentrations of magnesium {1 mh and 2 aM) however showed a stahilising
effoct on the reconstituted myfelium when compared to the control. The

5 oM magnesium-supplemented buffer showed less stability than the control,
The effactive zoncentration of tho cupplemental caticns was less than the
1 oMy 2 it or 5 M added due to ti 2 chelation of the ions by the 1 mN EDTA
present in the buffer. Providing that the concentrations of any other long
presont wore negligible 1 oM EDTA would be able to bing around & mM
wagnesium, thus for buffers of the most stable reconctituted mycelium,

1 o and 2 oM magnesiums there would in fact ba 1ittle free magnesium and
no free EDTR present in the buffer. The reconstituted mycelium in the 5 aM

magnesium buffer would have extra magnesium and the control would have
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TABLE 13 : The affect of divalent cations in the vecomstitution buffer
bn the stability of the enzymes of the trude preparation.

Pivalent cation Protein  Diy 4 tay } Tay 2 Day 3 Nys .
aglal Bl U/l % Lose Uil ¥ Lost Ul £ Less Lisl % Loss

1 ¥ divident cation 9.05¢ 180 129 8 .44 oo B 002 L
2 1 wk Hagnesiya Sulphate 0.044 180 102 1 0.9 4 o2 28 £.04 9%
3 B ot Fagnvside Sulphute 6,082 0,95 0.8% 1" 0.4 4 0.66 k) 6.05 ;]
4 5 o Magnesica Salphate  0.044 107 . 087 1 9.08 8 3
5 1 o tangavese Sulghats 0,048 0,99 1 ¢ L2 ® 0,08 w”
& 2 af Hanganesy Suiphate  0.08% 0.9 bbb 3 8,0 w008 K
7 1 oK of mach catha 0854 168 .95 ® 054 5 %08 o

The basdc buffer contained X0 4 Tris HEL pH 8,03, 2 o4 DVE, § aM EDTA,
13 concentrations are final,
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‘ENZYME UNITS

FIGURE 14 3 The stability of the enzymes of the crude preparation in a
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basic 10 mM Tris HC1, pH 6.0, 2 i DTE, 1 mi EDTA buffer
supplemented with 1 mM MoSD, {m,—), 2 nif MgSly (6,~—).
5 oM MGED4 (@ym=)s 1 @M MNSD4 (Cy=)y E mH MnSDy
(2,-=) and 1 oM ach of MgSOy & M5O (o~ =3. The

control (—) was not supplemented with any cation.
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free EDTA - both were lyss stable than the 1| oM and 2 s magnesium
buffers. As » result it was decided .. investigate the effect of EDTA
as a cthelating agent on the stability of the recenstituted mycelium.

3.4.3 Chelating agents

The effect of EDTA at concentrations of O nMy 1 & and 2 aM was
inve.stigated, Otherwise the reconstitution buffer remained as 10 mM
Tris HCl, pH 7.5, B aM DTE. No divalent tations were added. The
results are summarised in table 14 and figure 15. The investigation
was not carrieg on beyond the second day when it became clear that the
addition of EDTA to the reconstitutipn buffer was a major destabilizi |
factor. From the table it can be seen that the enzymes of the
reconstituted myrelium preparations where EDTA was present lost more
than 80 % ar their activity in the first 24 hours, The reconstituted
preparation using O mM EDTA in the buffer had two thirde of the enzyme
activity still remaining «fter two days of reconstitution. It was
concluded that the presence of EDTA in the reconstitution buffer was a
major destsbilising influence on the reconstituted mycelium.

Hersafter E£DTA was only incluvded in the reconstitution buffer and
an equal amount of HgpBlq was always added as well. The rationale
behind this is the operation of the MgB*-EDTA buffer that would
chelate other ions such as Fe3* and Znf* Lhat may have been
detrimental to activity of the enzymes. Although, after the separation
of the mycelium’s from the culture mediun in a buchner furmels the
#yceliua’s were washed in buffer, the Mp2+~EDTA buffer was still
included in case of any remaining ions that may have had a detrimental
effect on the stabiiity ar ackivity of the enzyews. For buffers used
in the actual purification of the emzymes both MgSO4 and EDTA wers

omitted cicept for as mentioned the recomstitution buffer.
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TABLE 14 1 The effect of chelating agents in the reconstitution
puffer on the stability of the enzymes of the crude

preparation.

Thelating ageat Protein  Day § Day 1 by 2
wial  Uel Ussl % Loss Ut % Loss

1 WK ET 830 b (22 » D45 3
L B 1Al EDTR 9.22 .47 029 8 .03 “
(333511 (2] A48 47 13 8,02

The basic buffer contained 16 a¥ Tris KC1 {finad - pli 8,03, 2 o DIE (finalds




FIGUAE 15 3 The stability of the enzymes of the crude preparation in
2 10 oM Yris HC1l, pH 6.0y 2 m4 DTE br.ffer containing
0 oM EDTA (x3y 1 oM EDTA (o} and 2 aM EDTA (2).
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2.4.4 Blycarpl

The effect of supplementing the reconstitution buffer with glycersi
was alsp examined, @ preliminary experiment showed that supplementing the
reconstitution buffer with 10 % glycerol showed significant stabilisation
of the reconstituted mycelius. Further studies on the effect of lycerol
were carried out; first with concentrations of 10 %, 15 %- and 20 % and
then with concentrations of O %, 2 %, & %, & % B % and 10 %. The standard
10 mM Tris HC1, pil 7.5, 2 oM DTE buffer was used as the basis for both
studies.

Firstly buffers that were supplemented with 10 %, 15 % and 20 %
glycerol were examined. The results are summarized in table 15 and figure
16. From the units remaining on day & it tan be seen that increasing the
giycers] concentration above 10 % had no measurable advantage apropaos the
stability of the reconstituted mycelium. Furthermors the increassed
concentrations did markedly increase the viscosity of the buffers at 4°C,

The reconstituted mycelium which was reconstituted in 10 % glycerol
overnight had a third more protein and twa 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 associaten with the gell
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 20 % glycerol / 1 mM MgSDy reconstitution
preparation yielded less protein than that of the 20 % glycerol buffer
preparation and hence total enzyme units but was in 511 pther respects
similar to the latter.

One of the problem of supplementing the reconstitution buffer with
glycerol was that the increased viscpsity of the buffer caused longer
processing times end poorer resolution on the gel filtration colusn. Since
increasing the concentration of glycerol above 10 % had no addett auvantage
ag far 8s stabi}ity wag concerned concentrations of O %y B %y & % & %)

8 % and 10 X (v/v) were exanined. The other elements of the buffers were
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3.6.4 Glycerol

The effett of supplementing the reconstitution buffer with glyterol
was also axamited. A preliminary esperiment shiwed that supplementing the
reconstitution buffer with 10 % glycerol showed significant stabilisation
of the retonstituied mycelium, Further studies on the effect of glycernl
were carried outy first with concentrations of 10 %, 15 % and 20 % and
then with concentrations of O %, 8 %, & %y & %y B % and 10 %. The standard
10 m¥ Trig HC1, pH 7.5, 2 mM DIE buffer was used as the basis for both
studies.

Firstly buffers that were suppiemented with 10 %, 15 % and 20 %
gl,cerol were exsmined. The resulis are summarized in table 19 and figure
th, From the units remaining en day & it can be seen that increasing the
glycerol covicentration above 10 % had no measurable advantage apropos the
stability of the reconstituted mycelium. Furithermere the incressed
coneentrations did markedly increase the vimcosity of the buffers at 4°C.

The reconstituted myceliue which was reconstituted in 10 % glycerol
ovornight had a third move protein and two thirds more enzyme activity
than the corresponding buffer which had deen 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
meaby ane. 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 % glycerol / 1 mM MySDs4 reconstitution
preparation yielved less protein than that of the 20 ¥ glycerol buffer
preparatann and hence total enzyme uniis but was in all oiber resperts
similar to the latter,

Dne of the problem of supplementing the reconstitution buffer with
olyrerel was that the increased viscosity of the buffer caused longer
processing ti'es and poorer resclution pn the gel filtration column, Since
increasing the corcentration of glycersl above 10 ¥ had no added advantape
25 far as stability was concerned concentrations of 0 %, 2 % & % 6 ¥

8 % and 10 % {v/v) were examined. The other elements of the w.Tfers were




TABLE 15 ¢ The effect of glyceral supplemented reconstitution huffers on
the stability of the enzymes of the crude preparation - 1,

s

Prcentege  Proteln  Day O Bay 1 Ty 2 By 3 hp b
concoteation  sg/e)  Dnits  Units Xtoss  Uadds Kloss  Unie Aless  Units X luss

105 glycerol 058 L.28 0.97 8 Lk 1 1. £ - 3406 b1
13% glycerol | 0.54 L 0.9 % 0.9 13 108 1 0% 8
20% glycersl (X .53 138 2 1abh 1 147 LIS} @
E0X plycersi/ . s
1 ¥ wagnesive 0,20 0.7h 42 19 278 5 caR 8 05 1]
16% glycers?

' overnight (B4 249 1.8 2 Ly 5L 1t 2%

The pasic buffer contained 10 e¥ Tris KO3 ipit F.0),  af DYE thoth finsl concentrations?
#11 coltwres vere recoustitetod for 2 hours with the exceplion of dhe 30 5 glycwro] that
16 sperafied a5 overnight. Ks EDTA whatsoever was atded o the raconskitution butier,
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16 : The stability o the enzymes of the crude preparation
over 4 six day gericd in buffers suppiemented with
varied concentrations of glycerpl ~ l7 These concentr-
ations are 10% (¢}, 15% ¢o)y 0% § ind 1 mM MgSOy /
BO% plyceral (x). Alss includiw 10% overnight

vecanstitution ¢
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FABLE 16 : The effect of glycerol supplemented reconstitution buffers-on

the stability of the enzyses of the crude preparation - 2.

Percetage  Protein iy 0 ay 1 bay 2 tar 3 Bay &

concentration * ag/al vial Ual % Loss U/al % Loss Ual % Loss Ural % Loss
ogenel 187 La 07R S B @ 04w M 03Bt 7
2alyerol A3 L726 0889 0 DSAL 43 0402 M BEN B
4 glycerst . 137, 1,87 0.540 L 1.685 25 .60 3 8.5% &5
Mool L3¢ LTS 0BT A LES B Lo W 4B @
Belyerol LB 1482 0B 4B LIS B2 LM B 08 @
05 glyeal LB L7 0B St LIB 0 LES 90 LET 8

The basic buffer containes 10 a¥ Tris HCI (pH 7.9}y 2 olf IYE Ibot
A1) cultures warg Teconstituted overnight at a*.

Mo EDTA s zdint §0 the recanstitution buffer,

b final concentrations)
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FIGURE 17 3

B2

The stability of th2 enzymes of the crude preparation
over a six day pariod in buffers supplemented with
different concentrations of glycersl - 2. These concen~
trations arp 0% (®), 2% (2}, 6X (4}, &% (o), BY% (¢} and

10% {—) glycersl (final volume),
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10 mM Tris HC1, pH 7.5 and 2 oM DTE. The results are shown below in table
16 and figure 17. The results show that for the 10 % glycerol butfer the
reconstituted mycelium was completely stabllised for the firsi two days,
after which the enzymes gredually lost autivity. The graphical relation-
ship (figure 17} betwaen the concentration of the plycerol buffer and the
enzyme units supgeste that the initial stabilisation of the reconstituted
aycelius by these six glycsrel reconstitutiod buffers is proportional.

After the initial period they lose aclivity at roughly an equal rate.
3.4.5 Buffar pH

Although proteins are known to be more stable at pW’s of around B.0 it .
was decided to examing the effect of pH on the reconstitoted mycelium's
stability because the reported pl*s were arourd pH 5 and isoelectric
focusing was planned as the last step in the purification pracess. The
buffer pH’s that were studied were B.0, 7.5 7.0, 6.5 and .0, The buffer
consistod of 10 aM Tris HCl, 8 oM BTE and 10 % {v/v] glycero) snd was
adjusted ¥o 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 capatity.
The results are shown in table 17 and figure 1B,

A% pH 6.0 the reconstituted mytelium showed a 49 % loss over the first
B4 hours and @ total loss of B7 % by the end of the second day. The pH 6.2
buffer showed a sharp trop in attivity on the fourth day. At pH B.O the
reconstituted mycelium showed an initial drop in sctivity that flattened
out and after 7 days 47 % of the activity remained. Otherwise the remsining
two buffers, at pid’s 7.5 and 7,0) showed & similar !élbiliiy profile over
the required three day period. Following on from this mxperiment pH 7.3 was
used for the purification of the enzymes.




TABLE 17 & The effect of pH of the reconsiitution buffgr on' the stability

of the enzymes of the crude preparation.

Biffer  foten Jev0 Dyt Bav 2 By 3 by 7
aixl WAL el Sless el Btess Uil loss Wl % loss
T R O ]
PRy 0.8 LM LS8 7 Ll ¥ L@ B LU 3
3On0 0T LMB 14E 9 L% B L B L 6
485 6 LB LA & LI 1 A T 00m %
5 oab 0 LM 08T 8 BT ® aE %R Lo %

The basic buffer containet 10 a# Tris, 2 of DTE ard 10 % glyeorol.

The buffers mare adjustad b0 the desired oR’c with ACL.

A eultures “ere reconstitoted pvarnight 3t 49C.

)



|
¢

|
i
F

FIGURE 18 3 The wtatility of the nnzﬁes of the trude preparation

« in a 10 =M Tris HCl, 2 WM DTE, $0% glycerol buffer-at
pH’S OF .0, 6.5 7.0, 7.5 and B.0. Assays were done 24
hourly and are represented thus 3 day O (), day I (@,

day 2 {#), day 3 {X) and day 7 (@),
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3.4.6 Buffor ionis sbrenth

During initial ion exchange ewperiments it was cuserved that the
fungal enzymes tended to be more stsble at the higher ionic strengths than
the B = 0,01 {10 aM Tris HC1) that had been previcusly used for all
general buffers. These higher ionic strengths were a result of the buffers
used to generate the linear gradient (100 mM $o 400 aMt Tris HC1).
Consequently a range of Tris HCL concentrations were examined with respect
to the activity of the reconstituted mycelium’s enzymes. These
concentrations were 10 oM, 20 aM SO mM, 100 nM and 200 @M., Each buffer
contained 2 ol DTE but since ir the ion excharge buffer glycerol was rot
present it wos declded to omit glycerol from the buffer for this
experimert. The results are reflected in table 18 and figure 19.

From che results it can be seen that 50 mHl appeared to offer the
opiimal concantration of Tris HCl. It is interesting to note that while
the enzymes in the lower two buffer concentrations initially lost activity
rapidly, the rate of activity loss flatiened out considerably and the
losses fram days three to seven were &0 % and 30 % Yor the 20 mM and 10 nlf
puffers respectively. On the other hand the 200 mM and 100 oM Tris KO
preparations showed stability Yor the first 2 days before losing activity
at 8 far pgreater rate than tua rest over the remaining five days of the

experiment. From this a buffer concenttation of 50 i Tris HCl was

selected for the purification of the enzymes.

i
i
!
i




TABLE 18 : The effect of the jonic strength of the reconstitution

puffer on the stability of ¢he £nzymes of the crude

87

preparation.
Buffor Peotain Day & Bay ! Day 2 Tav 3 Day ?

aglel (U B/al ¥ Less Ursl %ioss  W/el Sless  U/el fless
1200 Wi Tris B0 086 1,734 L6 % 155 @ L A 1eR 3%
2 100 oM Trig WD) 0.8 2.084 .93 7 1809 1oL B L k]
3 S MTs Al o8 L0k 1.858 0 L7 0 1.8 0 14% ki
4 B0 e TrisHD}  0.6% 1518 1491 12 1,183 25 6 38 0.9 ki
5 10aMTrisBEl 0B 2407 1491 Lt 1,088 49 .03 LI 51 i

The basic beffer contained varying :nncenmmns ot 1ris,

Each buffer was adjusted to a gH of 8.0 with
Each buffar xes supplesented with 2 o OTE.

Home of the buffers were supplenented w.th any glycerct,
A} cultures were reconstituted overnight at &4,
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FIGURE 19 : The stability of the enzymps. 5f the crude preparation .

in Tris HCI buffer, g 7.5, at concentrations of 10 aM, i
20 mMs B0 s 100 M ang 20O wM. Azsays were done 24
. hourly snd are Tepresentud thus  day © (e, day 1 (&
day 2 (41, day 3 O ang day 7 ).
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The instability of the fungal enzymes !:d to the purification sethod
that had been developed for the porcine liver being sodifind. These
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
e met without sumpromising the resolution of the purification.

Blynerol, the major stabilizing element of the reconstitution buffer, was
thus included only for the initial veconstitution of the my:eliun\.' 1t
was also included at the end for storage once the various purification
steps had all been performed. The reassn for this was thats although
glyserol was found to stabilise the wnzymes, glycerol had an adverse
affect on the resvlution of the enzymes on the gel 7iltration and ion
exchange sieps,

Furthermore in ail purification steps with the exception of the
igoelectric focusing the pH of the buffer was kept batween 7.9 and 7.9
and the buffer strength kept at 50 mM Tris HCl. Similarly the
concentration of the sulfhydryl reductant, DTE, was kept at 2 sM and only
the reconstitution buffer was supplemented with EDTA and thew iv was
supplemented by an equal amount of magnesium sulphate in line with the
vgservation of 3.4.B sbove. The time required to effect the crude
fraction, gel filtration, ion exchange and isvelectric focusing steps was
v“educed o 72 hours. The problem of instability of the enzymes was
further cospiicated by the large losses Found on the isoelectric focusing
steps. This will be giscussed later (4.4).

The poor stability of fungal enzymes compared to enzymes of verte—
brate prigin is well documented (Eberhartt and Rilling 1975, Takabashi et
al 1978, Cress et pl 1981). A major contributing Factor for this instab-
»ity nust be the harsh methods needed to rupture the mycellal wall.
Coupled with the lower relative amount of coluble protein present in a
fungal myeelium in zomparison to » vertebrate:cell, the harshness of
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the method of mycelial rupture meant that am inordinste amount of effort
must be spent to optimize the amount of untmpaired protein extracted from

the mycelitm. The use of homogenization for the fungus was atteepted

{3.8.2) failed to priz=ie anything near the amount of protein that the

porcine liver puri?ication produced {0.11 mg/ml against 10,9 mg/ml).
Thus 1t was necessary to adopt a new wethod of mycelium rupture. The
developsent of a satisfactory method of mycelial rupture is discussed
sbove {3.8.2). Freesze drylng was eventually adopted as it was the least
harsh of the viable myceliai rupture methods available.

Fresze dried stocks of ruptured mycelium were prepared and stored
for more than i€ months at -30°C without any significant loss of
activity, Two stocks of freeze dried mycelium were prepared using the
asportate-based culture mevia develuped in 3.3.4 ahove. The secondary
jnnocula for these two stock: - e grown for 36 and 48 hours. For each
purification s 1:1 ratio {w/w) of these two stocks were used for the
reconstituted mycelium. The reason for this is that $he 36 hour stock
had slightly more FPP synthase than -CPA synthase while the 48 hour

" stock had vary little FPP synthase and a substantial amount of &~CPA

synthase. By combining the two siocks a reasonable yield of these two
erzymes could be achieved from the reconstituted mecelium, Both stocks
were on occasion purified separately and no untoward effects were evident

from the combination of the two stocks.

4.1 Cr fractionatinn

Secondary innoculas grown in culture medium with a sodium aspartate
concentration of 10 ¢/1 a8 the nitrogen source and a glucese concentra«
tion of 80 /1, were grown for a period of either 35 hours or 49 hours,
The mycelia were washed with $0 mM Tris HCl, pH 7.5, 2 mM DTEs § aM each
uf FDTA and MgeStly, 10% (vAv) glycerol buffar before the mycelial
walln were ruptured by freeze drying. The stock powder was stured at

~30°C for long periods and used as required. No undue interference from
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the trace elements of the culture medium were observed %o affect the
reconstituted myczlium or the purifization. Retanstitution of the
mycelium for the enzyme purification was overnight in 50 m Tris HCI, pH
7.5, 2 mM DYE, 1 mM each of EDTA and Mppli0y, 10X {v/v) glyceral)
buffer.

The reconstituted mycelium was centrifuged and filtered. After
samples had becn taken for enzyme and protein assays this fraction, the
crude preparations was concentrated on an Amicon concentrasor. The
protein concentration increased eight fold (1.04 mg/m} to B.14 mg/mi ~

table 19).

4.2 Gel filgration

The toncentrate of the crude preparation (4.5.1) was loaded at a
rate of 1B pl/hour onte a Ach 44 gel fii.ration column which had prev-
iously been wquilihrated with 50 aM Tris HCl, pH 7.5, & mM DTE. Blue
dextran, which was used as the front marker, was loaded before the
concentrate. Myoglobin, *he batk marker, was lpaded only after the
concentrate had entered the bed of the gel filtration column. These
sieps were taken to avoid any possible interacticn between the markers
antd the desired enzymes. The gel Tiltradion column was run overnight. @
typical elution profile is shown in figure 0. Fractions of 13 al vere
collected. The synthases were found to elute from the column at much the
same position, while the isomerase was eluted from the column after the
synthoses. Because the FPP synthage and isomerase assays use a commen
substrates §n figure BO the first FPP synthase peak reprasents the FPP
synthase while the second pesk is actually the contamincting isomerase.

The fractions were sosayed for protein and enzyee activity. Typical
results are shown in table 19, Typically the purification factor for the
gel filtration stop was in the region nf 1% for the contentrate and 3 for
the purification as a whole. Wowever because of the somewhat unspecific

nature of the results of the coupldd assay the purification factor has

g g
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TABLE 19 1 A typical protein purification profile of the enzymes of

enigy il cxplonium.
Coupled FPP synthase 4-CPA synthase
Fraction ansay assay assay
Filtrate
Protein conc.  ng/ml 1.04
Enzyme units  U/m) b.38
Specific act, U/mg .13
Concentrate
Protein tonc. mg/mi B.ib
Enzyae units  U/ml 70.8
_pecific act.  Ung 8.6
Purification factor 1,42
Bel filtration
Protein conc.  ey/ml 0.8 0.90
Enzyme units Wm1 1.2 17.5
Specific act. Wag 13.8 19.4
Purifization factor 2.3 3.2
Isn exchange
Protein cont  mg/el 0,37 0.58
Enzyme units U/m1 13.0 7.70
Specific act. U/mg 35.8 40,3
Puritication facter 5.8 6.5
1soelectric focusing
Protein uant  Kg'sl 17.0 17.0
Enzyme units U/ml 0,87 0.70
Specific act. UWmy 3%.4 1.8
Purification factor bk 6.7




FIGURE 20 s The elution profile of the fungal enzymes from an AcA 44
: gel filtration cojumn (B0 cm » B.& cm) at a flow rate of
i 18 mi/hour. The eluent was assayed for FPP synthase ()
and 8-CPA synthase (©) ac¥ivity, and the protein
concentration (-~} determined.
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meaning only in So far as comparison with gther purification pracedures is
concerned,  In other words, not knowing the relstive distridution of FPP,
GPP and B-CPA /u~CPH from the coupled assays 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 absplute meaning.

The fractions showing synthase activity were pooled and loaded ontn
the DE 52 lon exchange column. Tha synthase peaks and the peak from
isomerasa overlapped to a Tar greater extent than the porcine liver
isomerase and FPP synthase had (see figure B), Thus where the isomerase
was a significant contaminant of a fraction and the anount of wither of

the synthaces were not large, the Traction wes discarded.

4.3 ipn exchange

Previous attempts to use ion exchange ch-omatography as a method of
purifying the FPP and 3-CPA synthases from Eggj;;‘lli)m cyclopium had been
unsuceessful (McBrath - personal communication). They found that the
enzymes or elution from the ion ewchange cplumn lost all activity over a
period of a few hours. As a rasult the use of an ion exchange column was
first tested using crude preparations of reconstituted mycelium %o see
whether stable enzyms preparations could be obtained on elution from an
jon exchange resin. The ioa exchange resin that was selected was Whatman

DESE. The use of this ion exchange resin for the separation of FPP

Y has been well {Barnard, 1984, Rilling, 1984»
Satterwhite, 198¢).

For the initial experiments with a crude preparation step wise elution
using 300 mM KC)} was used to clute the enzymes after they had been loaded
and washed with 2 50 mM ¥ris HCl, pH 7.5, & aM DTE buffer. The enzymes
were assayed and Tound to be attive. The enzyaes assays wire repeated
five days later and avound 70% of the enzyme activity was still present.

Following on f\'?m this a gradimnt was asttempted and found to elute tho
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enzymes within the range of 100 mM to 400 aM Tris HED at pH 7.5. Further
assays determined that the stability was in line with that found for the
step wise elution with KCI. Having established that the ;nzymes were
stahle an elution from a DE 52 ion gxchange resin, use was made of ion
exchange as a means for purification.

The active frictions from the gel filtration column were loaded on to
a eguilibratec DE 52 ion exchange resin in a 50 mM Tris HCL, pH 7.5, 2 alt
DYE buffer and washed with the same buffer until all unbound praotein was
eluted fros resin. A 100 s — 400 aM Tris HCL, pH 7.9, gradient was
applied and the enyymes eluted. Fractlans of 7 ml were coliecked and
assaysd for enzyme activity and protsin, The order of elution from the
jon exchange resin was firstly the A-CPA synthase and 5 =mall amount of
isomerase, followed by the FPP synthase. There was signif cant overlap
between the first two enzymes, with f~CPA synthase being marginally behind
of isowsrase. Typical resulls are shown in table 19 and an elution
prafile is to be seen in tiyure 21.

The active fractions of FPP synthase and 3-CPA synthase were pooled
and dialyzed overnight against a 2 mM Tris HCl pH 7.5, 2 aM DTE huffer in

praparation for isaelectric forusing.
4.4 Ispelectric focusing

Initially great difficulty was experienced in getting the isoelectric
focusing technique to functiow properly. The bed aTtér various periodo of
focusing repestacly showed all the characteristics of cathodic drift with
the one exception that the drift was towards ihe anode. Cathodic drift is
characterized by the movement of the liguid phase towards the cathode with
a cancomltont detydration of the other end. In this cage the build up of
liquid was howaver at the anode.

The fault wes event 1ly isolated ta the electrofocusing gel.
Replacament of the gel resulted in the pH gradient being formed in a

lifiear manner but large protein losses were experiented during the
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FIBURE 21 3 The elution profile of tha FPP and #~CPA synthages from a
DE 52 cation exchange column (11 cm x 2.5 oo, The eluent
was aseayad for FPP synthase (8) and A-CPA synthase (o)
activity, and the protein concentration {~=) deterained.
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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 additien of 1 % (vAv) of glycerol %o the bed

together with the amphplytes did not reduce the losses found on
focwsing. It was found that it was critical to determine the pH of the
fractions and then to add tha 1 ml of 100 mM Tris HCl, pH 7.5, 2 aH DTE
buffer to the fractiors as scon as possible after the power had been
disconnected ~ an hour or twe’s delay after fractionsting the bed meant a
loss of more than $0 % of the enayme attivity. IT however the pH's of
the fractions wera determined and then adjusted to within 0.3 pH units
uf pH 7.8 within & half an hour after the end of the focusing then there
was sufficient residual activity to delermine the pl’s of the synthases
and the isomerase. Typical isnelectric focusing profiles of focuses of
the crude preparation and of thz pooled fractions from the ion exchange
column are shown in figure 22 and figurs 23 respectively. The
corresponding results are shown in tables 3 and 25 rospectively. When
the pH’s of the fractions were determined special care was taken ensure
that the pH meter was correctly calibrated.

From these Tigures and tables it can been seen that the pI’s for *he
izomerage {4.5) ant 8~CPA synthase (5.3) compare favoursbly with the pI's
reported by McGrath @t al (1977). The pl of FPP synthase for both the
crude preparaticn and the eluent fram the ion exchange column were found
to be 0.2 pH units lower. than iihal reportes by McGrath gt al (1977) (4.9
as oppesed to 5.1}, For the FPP synthase assay of the eluent of the ion
exchange column the gnzyma i:tivity peak was distributed betwoen two
adjarent fractions which hag pH’s of 4.83 and 4.98. The average, 4.91,
was taken as the pl for that run.

Biven 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 less of enzyme activity i¢ not surprising since the isoelectric
Tocusing is at pH's less than 6. The addition of 1 % glycerel had no
effect on the loss of enzype activity whatsomver. Mcfrath ob al (1977)
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TABLE 20 ¢ Fractionation of a cruds prepsration of the fungal enzymes
on an tsoelectric focusing bed.

Fraction

toad {coupled assay)
Protein conce mg/ml 1,035
Enzyme units U/m) 10.3
Spevific act. U/mg 9.95

FPP synthase

Protein conc.  mg/ml 0.200
Enzyme units U/ml 0.23
Specific act. U/mg 1.15
fraction pH 4,91

f~CPA pynthase

Protein conc  mg/m} 0,118
Enzymg units U/l 0.41
Specific act. U/mg 3.48
fraction pH 5.36
Tsomer ase
Protein conc.  mg/mi 0.199
Enzyme units U/me .35
Specific act,  U/mg 1.96

fraction pH o bty

1',’{':‘ TR
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FIGURE 28 3 A profile of the gel after the isselectric focusing o' a
crude preparation, The attivity of the FPP (o) and g~LP¢
synthases {¢) and the protein concentration {-=) were
determined. The pH gradient is shown thus (x),

.3
03 . e
¥
%
N
o
x

3 -
2 0] " Ou40
4 x
5
;025 »
é 020
o0
us] o0
oo

o0
9051

x
5
0 s . i ) ) [

PROTEDS CONCENTRATLON  ag/al




101

TABLE 21 1 Fractipnation o¥ the pooled eluent of an ion exchange
column on an isoelertric focusing bed.

Fraction
Load (coupled ascay)
protein conc.  fg/ml 250
enzyme units  U/ml 2.94
specific act. U/mg 11.3
FPP synthase
pratain cont. fg/ml 17.0
enzyme units usml C.67
specific acd. U‘ng 7.4
fraction pH 4.91
2 UPB synthase
protein conz  fg/al 17.0
enzyno units  U/mi 0.0
specific act. U/mg at.2
fraction pH 5.87
1somerase
grotein cont.  hg/ml 110
Enzyme units Sfml 0,35
specitic ack, U/mg 1,78
Fraction pH 4.50
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FIBURE 23 : A prufile of the gel after the isoelectric focusing of the
pooled gluent of the fon exchange column, The atiivily of
the FPP (4} and #-CPR synthases {©) and the protein,
concentration (--) were determines. The pH gradien; is
shown thus (x}. -
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also reported that theiv preparation from ammonium sulphate fractiomation

lost all activity during isoelectric forusing.

4,5.5 Eolvarryiamide ael elactrophoresis i

Two types of polyacrylamide gels were run. The first contained 4
sanples of the active fractions for the elusnts of the gel filtration and f
; ion exchange chromatography steps and the second sontained samples Trom
the ronge spanning the bands on the isoelectric focusing where enzyme
activity had been detected. BSA was rum on all gels for comparison
purposes. The gels were mostly rum overnight st 83-35 volis.

For the first type of pel, the crude or roncentrate {one or the other .
uas used), together with the active fractions were run with BSA as the
standard, The major bands observed in the crude preparation or the
voncentrate sanpl2 Were Hid not correspond to the hands obtained from the ‘
active fractions of the gol filtration column. Problems were experienced ‘f
with the detection of the bands from the ion excharge colusn. The length 3

of stalning was varied and most ¢elz were stained for a full two hours but

H the detection of sctive bands for the jon exchange fractions was still ) .
N ; problesatic and in many cases no bands could be detented even though the ©

! fractions had assayed positive,

: The probisns with the detectinn of the bands from ine ion exchange
coupled with the fact that the protein corcentrations of the fractions
fram the isoelectric focusing had lower protein coneentrations than hose
af the fon exchange led o only the aciive fractions from the focusing af . ::

the trude preparations being run on polyacrylamide gel electrophoresis

1 gels. Only two of tho sasples run on PAGE from the isoelrstric focused
fractions had proiein bands that stained. these wers both in the region ’
E » of the primary trantferacc. The one ssmple had a single band that had run £

& similar distance to BSA while the other sasple hay three bands that had
barely moved from the leading weils, No trav ¢ of protein was aver

abserved in tho p1 rigions of the A-LPA synthase or the isomerase.

W
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Berause of these problems that were experienced with the detection of
protein on the PABE 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 elsewhsre,

4.5.6 Molecular weight determination

The excellent separation and veprodugibility of the UltroBel Ach 44
gel filtration colusn 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 200 000, McBrath et al {1977) reported
the molecular weight of FRP synthase as &4 GDO and #~CPA synthase as
96 000, Use was made of alcohol dehydrogensse (MW 3150 000), BSA (MW
68 000}s £gg albumin (MW 45 000 and carbonic anhydrase (MW 29 000) to
valibrate the AcA 44 gel filtration column. The siowest recommended Tlow
rates (3 cm/hr - 18 mishr) were used and 3% ml fractions were cnllected.
Twp detorminatlions of the moleculer weights of the synthases were done.
The resuita are shown in table 22.

The molenvlar weight of A-DPA synthase was Teund to be 33 000 3900
and that of FPP synthase was found to be 77 400 #3700, Thepe results are
in accordance with the genera. observation during purification that the
the two synthases eluted in the same or adjacent fractions. McBrath ed gl
115977) reported different molecular w its {FPP synthase, &% 000 and
£-CPA synthaze, 96 0CO) but also reported varying molecular weights from
growth to growth. Their B-CPR synthase mriooular weight was found to be
as low as 75 00G in the presence of magnesium lons. Whether or not this
16 an affoct of the ice chear press methed - myceliah Tupbure was pot
determined. They however reporied valaes of uetwsen 50 000 (in the
presence of manganese and magnesium} and 64 000 for FPP synthase. For the
determi.ation of the entyme’s molecular weights no magnesium was added to
the buffer and so the lower wolecular weight found for R~CPA synthase

tould not be atiributed ¥o this. Egually the FPP synthase determination,
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TABLE B2 ¢ A table uf the estimation of the molecular weighis of the
FPP and 8-CPA synthases.

Protein Fraction Molecular Loy Fife
nutber weight e
Hlue gextran < 2 000 000 1.000
Alcohol
dehytirogenase 37 150 000 5.18 1.057
BS& 50 68 000 4.83 1489
Egg aibumin 57 43 000 4.5 1,689
Carbonic anhydrase & 27 000 4,46 1971
FPP synthase :] 77 60O £3700 4.89 %.08  1.37%
l!-Cl"\& synthase 47 83 000 £3900 4.92 .02 1.343
Tor folecular weight determinations were tHone in duplicats.
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FIBRE 20 : The calibratlon curve for the estisation of the wolecular

HMOLECULAR WEIGHT x 1000

weights of FPP and A-EPA gynthages. The ratic of the
fraction {(F) over the void fraction (Fp) is plotted

against the molecular weight in daltons.
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for which a molecular weight of 77 400 was fountd, was in the same buffer
as that of &-CPA synthase.

tolecular weight determination using th) method of gel filtration is
an approximate method at the best of timc . and the results must be
acegpted only on a provisional bagis (Airawss 1984), Furthermore it is
dekirable to select the fractionation range su a5 to minjmize the
Tlattening of the last protesn peaks while enasbling the proteins to
saparate sufficiently to enable their peak to b easily discernible. In
other words the fractionation range of the ge! Filtration column should be
selected 5o that the trade off betwsen the clear separation of the protelin
peaks and twe loss of resslution merked by esssszive times on the column
is minimised. A nere satisfactory fractionation range for deterpinirg the
molecular weight between S¢ 000 and 100 000 would be UltroBel AcA 3b.
Furtherrore denaturing dechniques such as SDS PAUE should slsa be used to

doterming a more definitive moletular waight for both o) these synthases.
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Jor which a molecular weight of 77 600 was found, was in the same buffer
as that ‘n'!” 6-LPA synthase.

Mnle:ula:iLight 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, 1764}, Furthermore it is
desirable to select the fractionation range =0 as to mininize the
Tlattening of the §llt protein peaks whila snabling the protelns by
soparate sufficiently to ensble their peak to be easily discernible. In
other words the fractiomation ramje of the gel filtration zolumn should be
sglected %o that the trade off between the cleaar sepacation of the protein
peaks arst dhc 1“5 af resalution marked by oxcessive tines op the colusn
is mnimim Q M’J\‘l satisfactory fractionation range for determining the
malecular weight betwesn 30 000 and 100 000 would he UltroBel AcA 34.

Fur thermory denaturing technigues such ac SDS PAGE should also be used to

detere’s 1 3 more definitive molecular weight for both of these synthases.
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This project began initially with the intention of purifying the FPP
whether the iwo enzymes were

and 6-CPA and then
homologous or not. However the instahSlity of the enzymes and the
concomitant need tn achieve a certain sinimal stabirity before the enzymes
in question tould ba purified to a state where a comparison could be made
raused the impetus to initially be directed at optimizing the stability of
the enzyees. The purification of proteins for structural studies places an
additional burden, wuhen compared to purifying them for activity studies.
The reason for thic is 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 investigations there was little enzyme activity to begin with
ant the only means of detecting the enzymes was by meams of an enzyme
activity assay» an unsteble snzyme preparation constituted a major obstacle
te the purification of enzymes for structural studies.

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

Howaver s because of time and stability constraints, certain compromises
had to be made and the step with arguably the best resplutions the isoeiec—
tric focusing step {4.4), was in fact the most damaging of the steps with
large losses occurring that made further purification iopractical, fs a
direct consequence of this the majov thrust of this study was directed to
stapilizing the enzymes and voritying data that had been reported for less

stakiie preparations o7 the enzymes, and it was not possible $2 address the
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question of the homology of the FPP and @-CPA synthases.

The investigatior into optimizing the mycelial yields of the enzymes
and the stability of the enzyoes themselves examined several aspects.
These included the rupture of the :ycelium (3.3.2), the elements of the
retonstitution and purification buffers (2.4) 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 ¥or the culture mesium were investig-
ated and a concentration of 10 g/1 of sudium aspartate ascertained %o be
the most suitable nitrogen source for the preparation of stocks of mycelium
for the purification of the enaymes (3.3.3); The results of the invastig-
ation ralsed several interesting guestiuns itat were however unforiunztely
ancillary %o the main object of this praject. Why does aspartate-based
medium give a higher specific yield of enzyme when the relative nitragen
concentration was only 71 % of that of the 9 g/l nitrate-based medium
11.05 g/1 as opposed to 1.49 g/1 respectively) t Uhat is the effect of
using sodium as the counter ion in place of potassium or say calgium 7
Uress gt gl (1981) found that calclum had a significant effect on the
eperation of the secondary metabolic enryme, dimethylal'yltransferasa.
Howavers having schisved a significant increase in the specific yisid of
enzymg fram the mychplive, 1t was inapportune to examine these questions and
attentian was turned elsewhere.

Growths wsing mycological peptone as a nitrugen source (3.3.3) yielded
no grace of o~CPA or #-UPA on the tlc plate ((c} & (d}, figurs 103,
despite it showing a comparable absorbasce of the chloroform oxtract to the
a~CPA produting nitrate~based chlorofara extracts t{a)}, figure 10).
Unfortunately in thig experiment no attempd was made to assay for the
prasence of R-CPA synthase. A subsoguent attenpt to reproduce this rosult
yielded traca amounts oy o~CPA and A-CPA. The assay in the second
experiment was positive for B~CPA synthase with normal asounts of enzyse
baing found. Howaver the growths for $he latter expuriment, where iraces of

a=-CPA and 3-CPA were found, were for & days only whersas the growths
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that did not show any trace of the secondary metabolites were for a full
Tive days. Tws guestions arise from these results 3 firstly what was the
speties in the mycological peptone chloroform extracts that absorbed sa
strongly at 2B0 ym and secondly if a-CPA and 8-CPA were groduced on day
two then why was there na trace of these metabalites iv» either the
filtrata ar the mycelium on day five 7

The unstable and variable characteristics reported by MocBrath et ai
11976, 1977} for the enzymes and subsoquently for the praparation of an
agetane-iry ice howder Dy Herman (1985) led ta an Investigation inte var-
ious methods of mycelial rupture ¢2,3.2), Homogenisation was disregarded
after failing to successfully rupture the mycelium while an attempt to
implicate the ice shear method of myceiial rupture in the instability of
tha enzymes was inconclusive. The latter method would bear repeating wi'h
similar pressures to those used by McBrath st al (1974, 1777}, The method
of rupturing the nyeelium by preparing an acetone-dry ice powder was
verificd and the preparation of a freeze dried powder also successfully
used. The latuor method was found to give slightly sore stable crude
preparations with a 9 % increase in the specific ackivity of the enzymes
over the formee method, and so freoze dryins vas adupted as the method of
myeetial rupiure.

While EDTA was shown to destabilize the crude preparations (3.4.3) no
canclusion can e inferred frum tha attespt to verify the insensitivity of
G-CPA syathase to EDTH that was reported by MeBrath of al (1977) (3.1.1),
Fhere are reports in the literature of similarly €DTA-inscositive second-
ary artaboliec enzymes (see for evample Heinstein, gt al, 197) ou O nos gt
al, 1981 ~ pil & ¥ above). What was surprising about the results frou . °
investigation wea that the inmcroasse in A-CPA synthase activity obtainmd an
the adoition of { oM ¥ree EDTA %o the asxay mixture was only ebserved in
in the heat treated

the non-hoat treated sapnle and Was never ohser
saapins.  One would expest that & mM EDTA heat treated sample would show a
slallar nerease to the nor-heat treated sample. The result was however a

complete inhihition of the 4-CPA synthase {n the sample with free EDTA

|




" arations. McBrath gt
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magnésium since magnesium was reported by MeGrath b al (1977) to have
1itble affect on A~CPA synthase while manganese had.a detrimantal effact.
The stability of the enzynes fras the fon exchange colunn was a signif-
icant dovelopment (4.3) as was that of the increased ianic strength af the
buffer. The previous reports of the purification of these enzymes Have
tended o use buffar strengths of 10 mh Tris HCl and may according ta
thess results {3.4.5) have contributad to the instabllity of their prep-

a1 11977 began their purificatian wikh an lonic
strongth, R = 0,02 (% 20mM Tris HCl) but reduced it to p = 0.01
gnee the inivial purifization steps had been completed.

The molecular weight determinations {4.4) were oniy done t‘nil:e. How-
ever the gol filtration column used for thoss determinations was the same
ane that had been used for the purification and the elution characterist-
ics of the molecular weight determinations were typical of those obtained
during the purificative pricedure in tha’ the synthases eluted tagather
with the isamerass tralling somewhat. Furthermare the variation reported
by McBrath et al (1977) of the'molecular weights from different mycalia
was not foaund. Nor for that matter was an excepticnal pregaration
ottained whare the enzymes wers completely stables something that McBrath
gt al did obtain.

The anlecular waights of the FPP and #-{PA synthsses were very similar
%o each gwer and in complete disagreement with the 2:3 rativ (64 000 :

@& 000) that McBrath gt

al {1977) found, Assuming that the fungsl FPP
synthase was dimeric since the vertebrato forms of the enzyme have been
ghown ta ba, then the 94 000 molecular weight reper- .d by them for the
A~CPA synthase would suggost a trimeric enzyme. I the A-CPA synthase
werz to havs eriginated from a metation of tho FPP synthase. it is more

likely that the Jimerie structure of the FPP synthage would have been

" coneervod and onlv the amina acld coguance of the subunitz altered.

Furthormore there have been almost no reparts of the tharacierization of
trimeric onzymes, The molecular weights of €3 000 and 77 £00 abtained for

tho G-CPA and FF® synthases respectively are similar to those obtained for




vertebrate forms of FPP syntbase (pll abovel. Thus the h—CPA synthase
cauld well be dimeric rather than trimeric ami under these circumstanyes
would have a greater possibility of being an evolutionary derivilae. vim
the primary metabolic enzyse, FPP synthase.

The biggest stumbling block te the hwmogeneous purification of she FPP
and A-CPA synthages was the instability of the emzymes. While no empirical
data can be given, it appearsd that the harshnpss of the meshad of
myculial rupture was only partly $o blame for the instability of the
enzymes and that there sould be another factor yhich is necessary for the
stabilizatinn of the enzymes that was lost at the stard or during the
early stages of the purification. Another alternative $§ that the eneymes
have a shert half life. The rapid fall i~ . ~vme wnity »“rm £o07 g onr 4
{figure 11, péé) is Indicative of such r =turt @iy Yife o 10 o
Caxdbitivy o

SIS

metatolre fiexibility of the fungus. Me . ...-

e ke

situations whers there is a vesd to rm-. 4 iomd gRieny

enzynes rapidly on the advent o different sEtdin® o 7 rCERSLAMCES. hw\

the ather Hand one would sntitipate $hal 21 siy®, 7 v i dpseism bhat

is subject to a far greater degree of mnvi'omfeatur A Ml WAV R,

manpalian enzyme wouid be more resilient %1 b o iapd ab e pitee nandlifk

i
L i
Howgver the seven day effective 1ife of v »tuvae - fparitivhs, “togethe!

with the poor stability on storugs at -B0% Wi M s, made I
purification for structural studies exh eweh i@y,

There art strong grounds fur supposing 4w 2 8-CPA ,sy;'\‘.ﬁ\ua and ¥iv sy
thase could hava been derived from a comsun yénatie precursor, The eny mes
competo for a common substrate, tho cosubstrates for (\éa:‘\ rrtyme (DMATR o
GRATFPY can in certain conform: 05 mimic each olfer jand the tazwiss isve
similar molecular weights, Furthermore the fumus iz éukarvnbi: ;M\ :o;xld
well have sultiple genes for the FPP synthase snzyme, theceby alibwing.a
non-lethal mutation of ano or more to form the R-CPA synthims enzyme.
Howover this hypothesis can oniy be verificd hy i{ﬂ pqrificamvn to fmLge
aneity ot the cnzymes in guestibn ans ik Sv.seodit dgracterizhtion of
their subunit structure, amino agid r .mynitisos xw: pr})mary structures

ang thoreby dotermining the degree L. %audi v getweerd tros.
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ARPENDIX 1 CALIBRATION CURVEY USING LINEAR REGRESSION NS

4"‘”\! Bradford m!:‘hﬂd of protein determh?ntian requlnes» the derivation of a
calibration turve using. BSA as a standard, For these protein determinations
three concentrations »;re used'~ 5 Hg/ml, 16, pg/ml and 20 pg/ml. A
furthar control of 20 Rg/ml lysozyme was uﬁeé. The Bradford sethod
{Peterson; 1735) agsumee a similar hinqu constant for coomassiz hlue dye to
all proteins irrespective of their sha@)ﬁ or sizes, Betweenithe § pg/ml and
20 ug/uml BSA concentrations a’ it of the ahso-bahew against the protein
concentrgéion, given this assumption ang the Hnrvl..amb-rt 1awy -is, Linear, In

other words the calibration curve is of the furm

T EXT m
Rather than platting the points on graph paper and then fitting the curve uit:
the naked eye, use was FA— rugression in the form of the least
squares method to construct a calibration curve. Hasically thisz method dsrives
the slope {m) and the intercept {c) for the best Titting linear curve through
the pointe of the standards and restates formula for corrected values of y

given x. The wethod works thus :
the slope = = Iay
Pt

and the intercept « = ( Zx2By = ExZxy )

Nuxt
whare N is the rumber uf BSA standards, Sx is the sum of the Concentrations of
the 85A standards and Ly is the sum of their absorbances. Substituting m and c

inta equatipn (1) gives the eguation
i
Y

ye * x(Exy) + L Ex2%v - PxBxy ) @
B NEx?

Equation (2) tam be used iy derive the corrected absorbincws of the BSA "
standards ‘and with the abserbances of the unkmowns their concentrations

can te calculated,
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4

Equation (2) was set up on a computer spreadsheet uring Lotus 123 to

facilitate the derivation of the calibration curve. A Pample printout is

shown in figure 2%5. When a calibration curve was requirsd, the spreadsheet’

was loaded ant the Wbsorbances of the standards and the codtrol spterad.
The absrbances of the unknawnss tigethar with their dilubion factars,
were alsa enterd rand the carresponding pratwin toncentrations calculated

by the spreadsheet,

Surh an automatgd system is open %o abuse that would result
ﬂ.ttim} of a straight 1ine o points that by ni soans resemble a’straight
unn, In thig, )rlspuct plptting the gragh.on graph pipar would cbvioysly

reveal .ach a fsck of correlation whare as the( east squares method would
not. Thus to ensure that the calibration curve was straight and could be
relied on, the standard deviation and thw correlation coefficient were
calculated (y is the actual absorbance measured and yo the corracted
ab!nr‘l;ancn derived froe gquation {2} }. From {ye = y) the standard
deviation was calculated, The stdndard daviation as a percent of the total
of the absorbances was also calcuhtld. If this percentage was greater
than t % br the rorrelatien :unﬂ"icient wag more than 1.2 or less than
0.8, then the pratein dntarmlnatinn was regarded as nat being tinear and

was repeated.
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FISURE €5 : A salple printous from the least squares spr-adshult far deter-
! mining the pratelin calibration curve, The BSA concentration s
i tf) and the corresponding ahsarbance (y). Far yes which is the
cofrectéd absoroance an which the calibratipn curve is based,
only two significant plsces are shown en the printout but the
caleylation is to 3 significant places. The Kl added column
rwre}h\t: the valume of grotein canizining sadyle that was
diluted /i 1 ol Nikh:}ﬂitilled Hj}tlr ag requ“h‘ud by the mithed.

r)

THI LA N
5SA
Tube 18D wy %@ ye Ve fyeyi® 4R
% T—— —
S 0.52° 25 0.10 .000 1.9E-34 0.0f08

1,93 0 100 ©.1% 0,000 0.0E+00 0.0372
7 o4E 400  0.37 L000 3.1E-33 0,137

NI

Total B3 0.648 9.8% BB 4E~17 3.36-33 0.18%7
Slope = 0.0178 . Std dev = 2.38-33
Intercept = 0,015 Std dev % = 200%
Corr. coefficient = 0,93
Lysozyne fbs = .38 IC] = 19,38 pg/ml
Tuhe. " @totzin KCl M
Mo Absorbance 7} ansay added Protein EC1
1 odeo | 4078 4g/ml 100 0,048  my/ml
2 0,150 798 wg/ml 100 0.076  mgsml
3 0.260 “9 wg/ml 100 0.106  mg/ml
4 0,856 580 sg/ml 100 0.132  mg/ml
S 0.300 .ol Mg/ml 100 0.180  mg/el

v
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