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e ABSTRA'CT s 5 @
Studies were ungertaken to deﬂna the biodegradative pnthwuy of Aromntlc
compounds nsmely phlorcglucmol ol gnlhc acid by the .soll fungus Pemcllhum

i gllclss:m\lm Optimal grgth ditigfs wergdetermined for the utilization of

[ -
" phlomglucmol an@/gallic acid-as sole sources of catbon. P, simglicissim'ilm‘ gew

X —bvst at pH 5. 5 and, the optimal temperature was nbollt '27-20°C. The opt‘imal' ‘

concentration ol’ substrate was 1.5 % (w/v) in ‘the case ol‘ phloroglucmol nnd 2

' % (w/v) for galhc acld

" Ths metabolic pathwnys of these a¥matic compounds were :tud‘ed in-erude

! éxtracts from mycella grown on the\gespectwe substrates, & slmEllclsslm\lm
mycelm used I‘or enzymatic studies were 24 hours and 30 hnuré old. The
blodegmdsuon of _phlproglucmol was initiated by phloroglucmol reductase (PG<
R), an'NADPHH* dependent emyme, forming dlhyﬂmphlamﬂucmol as the first

'lmterme’dlaﬁe ~~Thesecond lntermedlnte’etecmm]nm

- resorcinol ‘and the thitd one, possibly a ring eleavage sibstrate, was 12,4 ’
benzenetriol. ‘This' intermediate was detgcted and isolated from the culture
me}l’um containing phlv‘mg.lucinol 8s a substrates The enzymes rev:por_nsiblab' for 3

' ring cleavage, cvatecho.l 1,2 ioxygena.se and catechol 2,3 oxygenase, were found to’

be present in the crude extract.

The utilization of gallic aéid followed & different metabolic pathw/ The
‘ tion o it ety ]
initial step, was. catalyzed by gallic acid reductase (GA-R)_in the présence. of

NADPH+H*. The ring fission enzymes, catechol. 1,2 oxygenase nn}i catechol 2,3

‘\\Qcygennse, were- again Idund to be presen-t in the crude extract. . Catechol 1,2 .

i + '




il

T oxygel{hse was more active and stable than catechol 2,3 oxfgenase The possleZ'\
L
*x b Afor th Y& was, 1,2,4-b _' | which was detected and

isolated from the culture medmm The produkof ring cleavage wq\hown to be 3

% leyl: by the i kd with maleylacet d in the N
N e Y (ay Al A N N
presence of reduced. NADPH*. The end product of enzymatic reduction of
-\ :
: maleylacetate. was ‘ﬁ-ketoadipate,. which “was dc\alected ‘and " solated . ftom ,the
S - w
reaction - mixture containing . maleylacetate, NADPH+H* ‘snd maleylacetate

< reductase. . » o o v it
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ey © - INTRODUCTION "~

1 1. General Int.roductlon.. o LW . ' . N

. :

N O Blodepadatlon 7[ to the” lblllty ol an’ orgnnum “to eah,holue or

e % biochemically modify (subdtaices _or componndx' into smaller memmhm for ns -
) £l N

own i Many bi

cycles maintain the llI’e on earth lhrough~
\'. contmuous cyclic. opﬁgﬁnn sn‘a to ke{ these cycles !nrnmg, energy,u,provlded i

by solar radiation. By the procgss of oxy;:mc phol:osynthuu, utotmphu

Porganisms hﬁnw solar radiation and convert slmple inorganic: cﬁemlcels into
9. compounds of Ingh energy content and low (.Tlermodynumc sllblhty The{e

-;ompm!mds in turn up to synthesize” IIM th;t are reqmred‘ or zhe

% productlon of bwmm, w‘nch then enters tln cl‘bon-oxygcn -:yog‘ Ulhmnuly

llvmg g ',duamdth._ bon-oxyg £ that had been temporarily e

. % -t .~
into organic. molecules are mineralized again-to. the level of simple inorganic
~ 2 S
substances. < ’
¥

. dtis generally accepted that all "biosy ic* products m’-e j to
j B

bisl degradati Mo“k d .m-- oceursunn ic process in nnd

5 on ‘soil, m the gnsshnds and in !.he w;ter ol’ nvm, lnka and. oceads- where vut S

e quanmm of plant nnd nmnul wastes lnd the dud'bodxa of both mnroscoplc .
A o Tl - 5 .- 5 B s e % g
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and microscopit organisms are broken down to simple molecules. Some of the

 organic waste which may produce toxic effects in the environment, also enters the

biogeochemical c)jcla, - ) . -
1.1.1. Role of Microbes in Biogeochemical Cycles. -

Microorganisms pl:ly a key role in biogeochemical ;y_éles' possessing a

aboli potentialaf impressi rersatility for the breakdown of a wide variety

" of natural and Xenobiotic prgdum.' In thé colirse of this century, microorganisms ~
. W (S

b d

of new 1-mad

ha;/eAbgen made to face the novel chall of

‘chgﬁlicgls which_ haye be:n'relenped into_ the cnvironment, cither deliberately vi’

ngncultural nppllcahons or through industrial nnd dom stic wustes Thud

synthellc ehemlcals mclude pesncxdas, herblcldes, d:tergents and- coolants and”

thelr nnmber is ever expanding. - For n.lmost a century, studm -bont. microbial

biodegradati ol’ i

N
of  microbes lie_in their ability to 'uulyge 'mitixl steps in the degradation of *

aromatic nhd:polymmlﬁc :ol:npounds which other otganisms cannot u:complgh

nnd-l.o"fo_rm metabolites that can enter the common )uthlvlys of metabolism.

1.1.2. Squrces of Aromatic Compounds. -

All p;mib]e chemical compounds found in the environment.can be classified

inlo'two catagories. One,'in which the compounds are »nd’e‘d by the man, is.

" synthetic and biotic, , These pounds are often produced by industrial
o 3 LI & r

in i synthetxc h ls. Their production. does not mvn]ve _any

nltunl enzymmc procen They bear little structurnl relmonshlp to natunlly

occuring compound: The secnnd cuegory contains the natural produets whlch

ds have been carried nut Biochemical assets
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are not man miade, These compounds may be the products of living organisms_or

“may be -formed by other natural processﬁ (Hutzinger and Veerkamp, 1081).
& % "

These naturally occutring compounds become the components of biomass oceuring

in'some environmental compartments.

_ The recycling of various biofogically importlnnt elemeats* is 9f~p}:ime

importance. Vast quantities of insoluble sromatic macromolecules biodégrndo

yery. slowly (Evans, 1977). ‘Members of the -plant kmgdom synu\eslze Freat,

are

duehtt i call

of natural ,, inert.and are degraded hy
mierobial enzymes. Mcsl qf these products are benzene derwuuves, yluch are.’

chemlenlly stable and mert If these are not degraded by sl m)crob/‘ vast.

quantmes of carbon locked up in stable rmgs o six carbon atoms would be tnken

out of c)rcu]anon ‘when plants die 1Dagley, 1971) It is true that. ~large amounts, of

d by plants that dlso .

rather inert ti

biochemicals are also sy

enter the carbon” cycle through the action, of microbes which’ :a% their
metnbohg degradation. For this reason the procéss of - bi sdegriidation has
2 : g7 :
5 e v,
unjversal significance.

1.2. Metabolism of Arematic Coinpoinds by Microbes
For.the oblignwr'y mnintﬁinanc!e of biochemic! éyeles; micro-organisms pl
an important role in nature. - Many. catabolic. path have beer{ Yrested for

the degrndauon of slmple aromahc compo\lnds dy nucmorgamsms in soll




s BE ' ) : . -
1.2.1. Aerobic Metabolism. .

It is about thirty years since the salient che;nical features of t}le aerobic
pnth\&ays of bacterial aromatic ring metabolism werg\»\elucidated (Hayaishi ?nd
Hashimoto, 1950). ’f&se aerobic pathways are iniliated\ by microbial mogo and -
di-oxygenases (Hayaishi, 1984)- Natural selection among mlcro-orgamsms has been

explored m convert stable aromatic structures into useful metabolites., Benzene

~ was the first aromatic hydrocarbon tested for its utilization by bactena (Stormer,

1908). - Sohngen {1913) Jeparted the utilization ‘of benzene' and other aromatic

hydrocarbons by bncterm Subsequently Wleland el nl (1958) lsolated strains of -+,
Nocardh. corallme that 'were capnble of. oxldlzmg benzene to cateohol A¥enger et ,

~qal. (1959) suggested the ox(dunon of benzene mw catechol mstead oI' phenol as ..

was assumcd earlier. Claus andVWalk*er, (1964) isolated a Esendomonas $D. and &
.- an.'Achromobacter sp. that utilizéd toluene as thé sole source &f carbon and
) cnergy.. The cells grown on toluen; were' able to oxidize -toluene, ‘benzene,
- E % .

cu;échol and 3-methylcatechol (Nozaka and Kusunose, 1969).

Polycyche aromatie compounds were also investigated ‘ for thelr bnctenal_

+ degradation (Strawinski nnd Stone, " 1943) The ‘bacterial oxxdmon of aromatlcs

mvolves the ion of dih hydrodi lnter di; fnr ‘example the oxldatlon ol“
. nnphthnlene by the hncterm uhllzes both atoms of oxygen' whi¢h are mcorpomted 8

_into a dlhydrodml The available evldence suggests that ' buctcna utilize” &

dm:(ygen_nse _resctl 'to mmate ‘the degradati of ardmatics. Further oxid
of dihydrodiols is ¢ Galyzed b.y~" hyd (Treccani el al., 1954). Certain
- bacteria are also capsble of g-rowth on p Iy: ics such as ph h and c




g e

There are limited reporis on the degradation ‘of aromatie hydrocarbons by
fnng: Many fungal species have bgen reported for to utilize nromnuc compounds.
Studies have shown that the aryl oxidative enzymes of fungi are smu‘lnr to those
found in mammalmn liver (Auret et al., 1971; Jemm xnd Daly, 1974). Enzymes
found Jin fungi and mamm.‘llmn liver hnve broad specnﬁc)ty wnh rvspect to

substrates. - Studies over the' past several years hnvc shown that funm ~Me

L remnrknbly slmllnr to mammals in terms of their nblhly to’ oxi

hydrocnrbons and related compounds Smlth and Rosazzn XH)M) suggcshzd '.lml, E

“fungi may serve as a valunble miodel ‘for stndles about mammalian etabali.

Gibson. and: S\lbramamnn (1984) descnhed flmgl that oxldlzed cnremogemc

hydrocarbons to metabolites which gave sppctrn similar to metabalites- that “are

" formed in-marhmals. Thus fungi provide a itiodel system for reactions in highier

organisms and " can’also provide vital information on the fate and reactivity of

. these molecules in higher organisms. N

- o r E =

" Reports about the oxidation of arom:

and only a féw compounas like cntéqhol‘ and bhénol»l;ave been tested. Gibson'and-

compﬁu‘nds by algae ate limited .

Subramanian, (1984) reported\(hat aromatic hydrocarbons- appear to inhibit the *

v s ¢ s 5 4
growth and photosynthetic activity of most- algae. - He also’ noted. that algal’

metabolism ‘doés oceur at very low 'sub of
hyd b but the oxyg: d bolites forméd were often more-toxic than,
" the-parent ounds (Gibson and Subramanian; 1084). .
~5
The hanism of utilization of aromatic 0 by higher o i is*

generally accepted to be through the cytochrome P450 enzyme system. The arene

. < % ¥l ;W
VT

o . f
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_i 1.2.! 2. An-eroble Mutlbolls y 3

6.

5 ! \
epoxides formed by the microsomal enzymes can isomerize to phenols or und‘e;rE

symatic bydration by epoxide hyd to yield diliydrodiols in which the
hydroxyl groups Im/: trans relative \ FurtHér botisin.of

trans-dihydrodiols results in the [ormanon of catechol and wgel.her with other

" hydroxylated products these can undergo conjugative reactions with sulphate and

glucuronate to form second:ry metabolites (Daly et al .y 1972; Jerina and Daly,

1074).. These secondn.ry metabohus are eliminated in urine as detoxlﬁed

compounds,

The conventlonnl Vlew han thn(« most pnml ive. arg:msms are

annerobic heterotrophs " Tarvin and Buswell (1931) reported ring ﬁmon or

i d: by i it in the :buncu of oxygen. They showed

ll\n! carbon duﬂde and methme were prodnced when henzonte phenﬂu-eute. :

phenylpr pi and cis were P utlhud by. a sewlg&sllldgz

lum in slnctly 1 bi ditions. In 2 bi diti g

- ring-cleavage is prohxhxted The only optlon nvnhbh toan uneroblc organism is

to bolize aromatic co ‘by Bydroge (Evam,&ﬂﬂ) Hydrogen

snl.uraus the benune nucleus and subsequently hydrolylu: enzymu cleave ‘the

rmg idati (Guyer nnd Hegenr 1969; Whml_e etal., 1976). It bas been

s ablished, th’lt unde; aerobi ,. di aromatic syl are clnved bya.

remnrknble blochemncll dwlcn of ring reduction - where no pnrtlclpahon of. oxygen )

exists (Dutton and Evans, 1068). ' (’ " 5




sboms ol mtrate were used in a manner snmlhr to that of

Photosyl_lthetlc Buchrh._ = ( R N

Several specles of the—purple nou-sulpbur bacteria hlt Ehodo/\gsehdomonas

palustns (Dutt,on and Evans, 1969), Rhodospirillum fulvum (Pfennig et al., 1085),

and Rhodoeyelus purpurens (Pleaais, 1075) are e able to grow at the éxpense of

slmpy aramaﬂlc compounds as sole carbon sources 's both anaeroblcnlly in the light .

by photosynth t menns and m the dark by respiration (Pmctcr and -

Scher, 1960) Duuon and Evans (1967) reported(thd Rhodopseudomnnas

pnlusms grown ph t hetically on. te or ‘,’ yben: showed no
respiration under Robic conditi )s, With these subs‘tmtes. Filrthermore, this’
organism lacked ‘enzyme of aerobic path y»;heq grown ,‘:7 ynthetically. on

—berizoate and hydroxybenzoate. . An inhibitory effect of oxygen and an obligatory

requirement of light for the photometabolin of substrate was also reported.

Oxid by Nitrate Red

could utilize a variety of ar maﬁc ib in combination but rot in

the' ohligatory presence of mtrates under { itions, was ibed by -

Oshlma (1965). "In such nnaeroblc cleavaga of the arnmnnc ring, .the oxygen




>

.. Oxidation by Methanogens.

under, bi ditions in a nitrate-mineral salt medium. A liquid culture of
Gram-negative bacteria and Spirillum utilized benzoate, monohydroxybenzoate,
prot‘f:utechuate and cresols under similar conditions producing carbon dioxide.,

i / 5

/
/

K <
The formation of methane and -carbon dlo)ude I‘mm aromatic natural

products, was the first observation' to be made mvolvmg the biological dest_tuctmn o
of benzenoid ‘structures under strictly* anaerobic conditions.' The reaction can
oceur in thecabsence of. nitrate, sulphate and: light through the ‘action of af -

ndapied microbial coli)muvnity‘(’[’nrvin and Buswell, 1934). Mixed cultures of -

'meihnnogeils' which ferment -aromatic compounds into methane and carbon’

dioxide, utilize the avtivity of gram-negative organisms to reduce the Benzene'ring

[

ooz ) 2 i 5.
_converted ‘to suitable substrates for variods methane bacteria to complete the ., ~

- process.

1.3. Key Enzymes Involved in the Biodegradation of* Aromatic

Compounds. -

¢ ! el
Knowledge of general mechanisms of benzene . ring degradation by

microorganisms_ has led to an und ding of the hanisms " ..“ d by
microorganisms to degm.de benzene rings in nroniaﬁc compounds. The simplest
hydrocarbons like, benzene and monosubsmuted derlvmves of benzene s‘zxeh as
toluene, offer microorganisms a choice for lmtml enzymatic attack thmugh the

aron’gnuc rmg or the methyl group. However. oxygenation oNhe ring seems to be, 7




the most common mechanism. The metabolism of toluene and isopropyl benzene

by Pseudomonas putids showed that many aromatic compounds undergo
= e ey o S

enzymatic hydroxylation of the aromatic ring in preference to degradation of the

aliphatic side chain (Gibson, 1977). Initial steps in the oxidation of aromatic and

* polyaromatic hyd bons involve di-oxygs in the case of procaryotes and

mono-oxygenases in the case of eucaryotes. - -

Di-oxygenases.

P ”

Di-oxygenases n‘re responsible ‘ for incorporntin‘g both atoms of mbleclllnr‘-
oxygéﬁ in‘t;) the substrate.~ 'A.l’thongh the exact mechdnism IS not ‘l‘(l‘wwr_n., it is
postulated that an intermediate such as dioxytane is formed iﬁitinll‘y and further
: reduction gives the 'dihydrodiols which have the relative ntereoche:}nislry of the
cis; cis ty.pe, (Fig. 1-1). The dioxygenases. involved in_the formation of cis-

dihydrodiols appear to be unique to procayotic organisms.

Mono-oxygenases.

The mono-oxygenases introduce only a single atom o‘t molmul‘r’uxypn into
the substrate to give an epoxide and the second, atom of oxygen contributes t.o— the
I‘o}mntign of a molecule of water. Further transformation of epoxide is carried
out by another enzyme called epoxide hydrase vjrhich '{orms a dihydrodiol with
trans %‘yp,e_ stereochemistry (Fig, 1-1). The diols l‘qrmed in both systems utilize
dehydrogenases in the presence of NADH+H* or NADPH+H* and converge to
form ‘s common intermediate u’fholl, _ready !ur ring cln.nge.

1 . » . | J

< -
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Trans-dihydrodiols of aromatic ds can be formed in bacteria, but

probably only as anabolic intermediates (Young, 1984). -

1.3.1. Rinﬁ Fission Reactions. -

It is generally accepted that d|hydroxylatmn isa prereymte for enzymahc

&= - fsslon of the benzene ring. Elther ‘eatechol or pmwcntechulc acid are formed as

intermediates_ ol‘sgve(al aromatic pound: ’l‘hese ydroxy i di

o - S * . R
i 'are- targets ‘of ring ﬁ§sio|i enzymes.  Generally 'monosubstituted nromntic

. substrates such ‘as phenols\)e\nzolc acid“and’ mendelic nud are catabolized v1k>

- Catechol, . while ; para disub ituted  aromatic np ds  su ‘as ’

acid, ‘mendelic acid and p: 1 are d

I o o
vm protocntechmc acid, (Table 1-] 1) The two mAjOr pnthwnys mvolv‘eg‘ in'ring
fission are ortho and meta pathway systems, Both of these pathways are involved

.%:‘f —‘—_ - in-aromatic hydrocarbon degradation (Gibson and‘Lbﬁm&n’im, 1984). Ring

z clenvnge of initial metabolltes occur by one of the two '] pathways depeudlng on
species and substrate. . "‘

. Ortho—Plt.hwny of Ring Fission.
_'_[:he enzymes involved in the. ortho pathway, - cleave the_ ring, structure
i betweenvthe hydrcxy_l groups (Hopper, 1977). C.atechol and protqcatechuic aocid
are metabolized- either, b’y'tl‘m»‘arlha pathway or by the meta pathway, although

some organisms have the genetic capability to degrade these substrntes/by both

h When' the ganism has the bility of bolizing a common

intermediate by ‘either ‘meta or ortho pathwny, the pathway used wnlI be

- dependent pnmunly,nn the substrate used for the growth. .




- . '—‘ .‘

Generalized metabolic route to-catechol from aromnéﬁc’

hydrocarbon in eucaryotic and procaryotic organisms. .

Gibson, 1972.

X
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Table I-1: Aromatic hydrocarbons showing catechol and protocatechuic
acid as intermediates for ting cleavage. Gibson, 1077.

-
‘ - Compounds metabolized via
. K )
5 e -
o Catechol @ Protocatechuic acid
- . ¢ s
_ Phenol m-Cresol
Benzene . p-Cresol
o-Cresol "' Tyrosine
Tryptophan 7 Phthalic acid
g w
Anthracene 5 p-Aminobenzoic acid
§ i . -
Naphthalene p-Hydroxybenzoic acid .
w g . N
2 t Phenylalanine * g . p-Hydroxymandelic acid .
. % g ' g
N g E ‘ Benzoic acid b % g
B . L Phenanthrene ’ =
i Salicylic acid . - P
) i
— =
e
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Until‘ i}ue beginning of this decade, the m’o‘st common t;ﬁ of ring cl/zavage :
known was shown to involve oxidative fission of the bond between carbon- atoms - Lo
bearing hydroxyl groups. ~Catechol and pratocatechum acid. bozh umjergo
clenvage to form cig,cis muconic acid (Hayaishi and Hnshvlmoto 1050 Evans et
al., 1951), and cla,cu ﬁ-carbnxymucumc'amd (MacDonald et al:, 1954; Gross et )
:,A ) al., 1956), respecuvely (Fig. 1- 2) The enzymes mvolved in the ortho paPhwaygg :
'\qugnmé as catechol 1,2 oxygennses. Nozaki et al. ,(L970) suggested an
<. aliomstive nomehelature Sfor ‘ortho fision dnzymes snd called them intridiol’
‘didxychnlnses. - ’ ,i 2% 0 g 3

Meta-Pathway of Ring Fission. Y

The enzymes utilized in the meta pathway - ire called catechol 23
oxygenases tDagIey, 1960) and meupyrocatechllas& (Kojima et al., 1061) Nozalu
et al., (l070) named Lhese enzymes as extradiol d)oxygenases The enzymes

- involved in mila fission cleave “the ring between a. carbon amm;‘bearmg a
hy‘ziréxy!‘nnd an adjacentvn‘on-hydroxyla;.ud carbonv atom (Hopber- et al., 1968):

Substituted hols

are g 1y degraded via the meta pathway (beson and % 7/
q Suhrnﬁ\anmn, 1034] These oxygenases oxidize dxols to semialdehydes mther than )

mucumc ~acids. When Pseudomomu sp. was grown on- o-cresol as sole carbon

5 source, the nxldlzed product was a-hydroxymucomc semialdehyde and the enzyme

mvolved .was catechol 2,3-dioxygenase which oxndlzed catechol (Dagley aﬁd-,\

’ Stopher, -1059) (Fig. 1-2). Growth of dlﬂerent Pseudomunns sp. on p-cresol
huic ac) 5.dioxyg: , Which

. © induced the formation of ‘the enzyme, p




Figure 1-2:
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*Postulated pathways of ortho and mela ring fission for »
-catechol and protocatechuate. '
Ortho ring fission:- (Hayaishi and Hashimoto, 1950;
Evans, 1951; Macdonald et al., 1954; Gross et al,
1956). ° ~
Meta ring fission:- (Dagley and Stopher, 1959; 5
. Dagley et al., 1963). "y ¢
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oxidized' pratocate.cbuic “acid  to ,a-hydroxy- Tc'nrhoxyniuconic sernialdehyde |

(Dagley et al., 1984) (Fig. ). > ( . q * 3
¢ 1.4. Phloroglu:inol. s 3 =
Phenohc compounds llke lanmns, hgnms nnd flavonmds o{ plnnt origin - §
conmn omatic. compounds such as anthocyanins, . catechins, in ond :

_ " ‘choleor.és with ccmplex structures. Phloroglucmol rorms a’part of such phenolu.-

compounds and is- released when these phenohc compo\mds are decomposed by K

mgcrobes Waage (1890] (me,d from Robern, 1985) repcr!ed the. synthesxs (Sl‘
L

fvanmc acxd L 'r d rrom the plnn_ were shown to contu

Il tucinol but free - phl =.' inol could ‘not be extncted (Moeller, 1897

; Hnrlwlch and Winckel, 1904). Presence of free phloroglucmol in aoll waste wnter

and in’ spent gasses is the result of biologi md chermcal deée ',, ition .of more "

2 complex molecules such as phlor and tannms found in the sonl Ghemxcﬂl

decompnsltlon of nr\lde o|l or tl;qe bxealidown df natufal prodduts s\lch-ms caul kst

. yield phloroglu il »l as ope.of Qhe~produc§s (Pankhurst, 1950). v

'_ d fram the; ducti \0{-‘

. antrubenzoxc acld by Clurk nnd Hartman (1029) Phlaroglucu;al acts as’a

.‘ ol the reaguon The normnl stsbnlny onhr of taumm'




oy .
¥ M e ] :
éhlérqgluc;nol forms wizige rl{émbic erystals in nature, which have a WS TaStE~—
sublimate ppon "de‘compo‘sition,_‘de‘nolou‘rim in light and have a meltinfg_i;oint of
219°C. It is sparingly solubls in water and acts.ds a weak acid. ln;‘estigations on

phloroglucinol revealed_ its cconomic *importance. Phl’oroglucmo] bas been

ahserved for. its bnctenc:dal and f\mgmdsl propemes due. to “its phenohc

structure. It has been in '.,' I‘or ‘its phar ical ‘purposes as well as:
) ng}ic‘nltur’al benerits Phlomglucmol is mnstly used in the pnnung, texule and

dyemg lndusmes -and as s reagent I'or mlcroscopy It i xs also used in prevennon of . i

 sludge’ '\“""Insan xeellent -dccalcifie oI‘ bone pension, andas an

‘ Lnum robjial ugenL(Robern 1955) ) 3 ',' [

'.»1.4.‘1.11 1‘“‘., dfnu 3 .:. inol by

" Utilization of philoroglucinol by microorganisms. was first reponed by
. Wagncr (1914), who lsolated bactenn {rom soll :and’ fasces which.were cnpable of

utilizing. phloroglucinol. He ‘noted that the orysms upable of ‘growing in

-"" phlowgluc)nol mediuin* could not. assimilate beniene, 1 reinol, hydroquiy and

pyrogyllol Gray and Thornton 119285 lsolnted pure cnltureﬂ of m)croorganlsms”

fromgoll whlch Yere cupab!e of ut(lmng phloroglucmol resorcmol cresol and :

'other nromnhe compoundsas the sole earbon source. A purtmlly punf ied enzyme '

i N T

of Brevxbncterlum ugcnm nxldlzed phloroglucmol resorcinoll para- meta- nnd

or!ho—cresol and or inol

i tme ‘presence of NADPH+1-1+ (Nﬂkagawa ‘and’

'Tnkeda, 9@62) Further studles Jn;llcsted that phenol wns convert

“ -p-ketondmlc ‘acid by dlsruplmn of . the nng Seve,ral yeast strmns of Cﬂ[l‘dldl!." N
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tropicalis and Debaromyces subglosos wexe, demonstrated to metabolize catechol
- and most of these.had also the ability ta metabolize phenols (_Harfis and Rickets,
1962). 5
5 - Y ® -y ] g
i . . i
Oxigation of phlorogiucitol, resorcingl, catechol and pyrogallol by a fungus

-was reported by Higuchi (1953), who purified an enzyme.from the mycelial mat of

olus hirustus which had the capability to utilize these aromatic compounds.

3, dihyd b

Aspergillus sp: was able to utilize 2 ybénzoic acid and breinol as sole -

carbon souirce, (Halvorson; 1963). " It. was' postuiated that decarborylafion of 2,4, )

dlhydmxybenzolc acid’ ogeurs pnor to- ring [\sslon Robem (1965) lsolutﬁ’

Taw

'Pcmcﬂlmm sp. fram soil that was sble to utlllzc phlorogludmnl [ERY sola cnrhon' i

source. The metaboli pathwny of p lizcinol '_ by Pemcllhum sp.:

Mac M-47. was elucidated ,-by Hang- (1067), whlch involves. the reducuon of

hloroglucinol into dihydre ino Furthel‘ ydrati of Llus

intermediate produced resorcinol- and 'substrate for ring cleavage., Utilization of

phloraghicinol by isolabéd Penicillium sp. wes d d but no i di

were detected Subsequenuy Mathur (1971) used Penicillium sp. Mac M-47 to
st\ldy metabolic pathwnys and he propnsed a theoreucul palhwa4y (Fig. 1-3).

\”‘All'members of Athiorhodaéene'exnmined/ utilizc_ several aromatic acids *
' _;hotosy;;thetic‘a}ly b’git some can also metabolize phloroglucino} under anaegobic
. i . ‘*pt:litio,ns:l Ugt'ng Rhudogseudumop;s elatinosa, dihydrophloroglup_inoi and .2-
30 7 ) 8 oon-hytiroxyé&i;’ate we}e detected in photoéynlhelié _cileu're§ growing_on

phloréglucinol as sblé carbon source.
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Anaerobic Metabolism.

A bi; h imilatie of I inol by pure cultn’es of

Rhodopseudomonas gelatinosa indicated that the degradation me?:!? ism involves

‘NADPHYH*-depend duction to dihydrophloroglucinol followed by enol-

ketone-tautomerization, saturnuon of the ring and subsequenl hydrolytlc cleavage

R . derrad

of mtcrmedmles for [further i - Fer fon ol'

phloroglucinol was reported in pure® cul'.llres of Stregtococcu& bovis. and-

Caprococéus sp. (Tsai and Jones, 1075; Tsai et al., 1976).

1.5, Gallic Acid. ~ * - : 2

Aromatic acids, such as gallic acid also play. an important tole in the
1 . :
carbon-oxygen cycle. It forms a part of tannins, which are esters of sugars and
phenolic acids or their derivatives. These tannins are present in condensed form -

in nature. Gallotannins on i yleld gallic acid as the =

and are h

only phcnoll\mmety Galhc acid is usually<obtainéd by alkaline or acidic

hydrolysis of tannins {rom nutgnlls Itis a]so Y d by enzymatic b ysi
using spent broths from Penieillium glxucum or Aspergillus niger whi¢h contain
tannic acid. It decomposes at 235-240°C and in pure form exists as needles. It

has very low sysi.'emi‘c toxicity and causes mild local irritation in humans. Gallic

néjd is used in the manufacturing of gallic acid esters, anti-oxidants like propyl

gallate, pyrogallol and ink dyes, as'phob‘cgraphic developer, in tanning, in-testing

for free mineral acids, dihydroxy acetone and alkaloids. ' For tlierapeutic purpdses

gallic acid is used as an astringent and styptic agent.
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1.5.1. Metabolism of Gallic acid.
Gallic ncid has mostly been used as g fermentable substrate (Schink and
Pfinnig, 1982). It has“more importance as a precursor l‘or. the synthesis of
pyrogallol than as a cirbon source. Beveridge and Hugo (1965) ;ﬁldie(l. the

metabilism of gallic acid in Pseudomonas convexa X-1. Pseudomonas sp. was

studied for metabolizing gallic acid into pyruvate with the consumption of oxygen
and’evolution of carbon dioxide {Dagley, 1971) (Fig. 1-4). Stanier and Ornston,
(1973) utilized gallic acid for the elucidation of the p-ketoadipic acid pathway in

Pseudomonas and Acinetobecter sp..
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Figure 1-4: Biodegradation of gallic acid by bacteria.
~_Dagley, 1971. . .
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'Objectives.

The main objectives of-this research were:-

To study the degradation of phloroglucinol and gallie acid by the soil fungus
Penicillium simplicissimum.
i
To estnbllsh thie optimal growth conditions under whmh zhese carbon sources
were uhhzed by the organism.
o . :
To gain some information regarding enzymes involved in biodegradation of

phloroglucinol and gallic acid.

To detect and characterize some of the enzynies involved in the metabolism
} \

of these substrates.

~




S

i Chapter 2
MATERIALS.AND METHODS

2.1. Penici g‘um simplicissimum and its Culture Conditions.

-

Penicillium_simplicissim® was collected from the ‘southside- hills of St.

-

John's, Newfonndlpnd and was isolated using an emrhment technique. Partial -
! and identificati 1 was done” by

atel et al. (unpublished). ¢
Identification to the species level was perfgrmed at the Bia;ys;tematic Research
«Anstitute, National Identification Service, Ottawa. '

p

The cultures of P." simplicissimum were maintained. on 'pol’nw/dextrose agar

plates.\

The organism was cultured in 2000-ml Erlenmeyer flasks c&ntai};ing 500 ml
of minimal salt media (Robern, 1085): '
1. S‘toek' solution - A. [NH‘)1504,'0.15; KH,PO,, 0..53; K,Hl;o‘, 0.5g.
2.. Stock solution -'B. N.lgSO‘. 7H,0, 0.5, il‘; one litre of deionized water.
%.}Sj;k solution - C. FeCIa, 0.1g, in one litre deionized water.
T

€-first two stock solutions were autoclaved lep:ralely‘ and solution - C was

filter sterilized. A litre ol‘medi‘um n ined solution A, qM—ml; lutio B, 5-ml;.
solution-C, 1-ml, which were added aseptically. Thf pH ol: the n\\gdium was
ldjusted to’ 5.5 using 0.IN HCL The\ concentration of phloroglucinol in the
medium was 1.5 % (w/v). £ Ty -
. . 7 X
g - =




- separately. ’ 4

2.1.1. Preparation of Inoculum. _

The inoculum was prepared in 1 litre of medium using a 100-ml spore

suspensmn of P. xmglmss(mum in physiological satihe containing 33% ’l'ntun X

X-100 ll—ml Triton X-100 + 2-ml saline). The flask was covered with aluminium_

foil to -protect from light. - The culture was incubated for 24 hours with constant

shaking at uw‘slzu rpm in the dark at 27°C in a Psycrothérm incubator $haker

N
: (New Brunswick, N.J.). . 3

2.2. Growth Conditions of the O i

The inoculum was ‘used in iiroportion of ene to ten (1:10) volumes of she

media for further growth of ‘the organism. The optimal g'rowih conditi‘ous, pH,

e, time of incubation and L jon were determined

2.2.1. -E,ﬂ‘ect of pH on Growth. b

Two sets of nine flasks were prepared containing 100 ml of iinimal salt

media each. ‘The pH was adjusted aseptically using cither 1N HCI or IN NaOH .

to 4.0, 4.5, 5.0, 5.5, 8.0, 65, 7.0, 7:5, and 8.0. Phloroglucinok{1.5 g) was then
added to ench flask. Inoculum (10~rnl) grown for 24 hours was addeéd to each

flask aud incubated for 30 hours at 27°C in LPsycrotherm (New Brunswick,

N.J.).” The mycelia from each flask wge collected by filtration through pre-

weighed Whatman No. 1 paper, washe;l with deionized ‘er and weighed. The
filtered mycelia were transfered |nto clean 10-ml glass tubesand 2 ml of IN
NaOH was added to each tube, which was then immersed lh boiling water tor 30

minutes: The evaporated volume of IN NaDH in the ‘iubes .was adjusted back to
e - i i

—
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.2-ml using deionized water. These solutions wer‘e centﬁ%&d at 14,000 x g for 15
minu‘ns ;t 4°C in a Sorvall li(‘r&Sllp_er Speed Centrifuge. The clear supernatant
-solution obtained was tested for protein content following the mei-hbd ohLowry et
al. (1951). , The contents of the other set of c\llulre flasks were lil:ered thml;(h
pre-weighed Whatman No. 1 and washed with delomzed water. The mycelll on
the filter paper were dned at 50"0 in l'Precumn oven (GCA :orponhpn) unul

- 7
constant weight was achieved. < . o (\

The effect of pH was also studied using gallie acid s a growth substrate and”

the procedure used w'n(ﬁl'pilar to the one outlined sbo‘veA .

. 2.2.2. Effect of Temperature on Growth.

~
. Eight l'lnfks jn two sets were prepared containing 100 ml of n;iKimnl salt
media at pH 5.5.*-Phloréglucinol (1.5 g) added to each AfhskA To_ each flask
10 mI.:)f the prepared ino’u’:lnm was added. For each temperature there were two
Masks. Tempe‘ratur used were-21°C, 23°C, 25°C, '27°C,'20:C,’31°C _and 33°C.
The flasks were incubated in an Orbit Environ-Shaker (Lab-Line Instruments lik)
for 30 hours. Growth was determmed by mulurmg the dry welgl\l. of filtered and

" washed mycelia from one flask. The seco flask was used to determme the lahl’

protein by digesting the mycelia in IN Ni as deéscribed above.
. o

The op'tim';I temperature: for growth of the organism utilizing gallic acid as ¥

. . P
" a'substrate was determined employing similar procedures..

P




100-ml minimal salt medium (pH 55)‘and l 5¢ phloroglucmol The Masks were

. from two. flasks at a tile starting l‘ro

30

e : -
2.2.3. Effect of Incubation Time on Growth.

A 10-ml of indeulum was added to two sets af ten Masks, each containing

incubated at 27°C in an Psycmtherm mcubnwr shaker (New Brunsw1ck N. J)
w:th shaking (120azpm) for different periods of hme The mycelm were collected

12 hours of mcubaﬁon to every 6 hours

endmg at 66" hours Grow!h was determmed by‘ the dry we|ght of myceha s
collccted as-well as by the total protein content Theh)rocedure l‘or delermmauon
of dry welghl, nnd protem contents were the same as descnbed above 2

vof

The above experiment wﬁrepemd using gallic acid ‘a5 _subsdracg (02%

w/v).

2.2.4. En‘eée of Sybstrate Concentration on Growth.
Effect of? substmto concentrauon was studied in two sets ol‘ elghrﬂasks

contammg 160'ml o(‘mmlmal salt medmm by ulatin wnth 10 ml of inoculs

/¢

The pH was adjusted to 5.5 wnh lN NsQH." Different concentrations of *

hlorogluciol, 0,255, 055, 0.75%, 10% L.25%, 150%, 175%, and 20% (w/v) -

\vere ndﬂéd All ﬂnsk& were mcubsted in the dark for 30 hours in ani Orbit al
Envlwn Shnker at 27°C with constnnt .sha.klng (120 rpm) Mycelia sere collected
“Irom each l’lask Mycelia from one fluk were used to determme the dry weight i
and from the aecond flask to determine the.total prbtem alter digestion with lN 85

NaOH. T
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galhc acid on the growth of P. simplicissimum. The ccncentnhons ol gallic ncld/)‘
‘ wsed ‘were 0&1%, 005% 0.1%, 0.2%, 0.3%, 0.4%, 0.6% and 0_6“'6 (w/v),

reslrecuvgly.
. A

To2.87 Grnwth of the Orgamem on Different Sub.mm

Capablhty of P. s:mghssus:‘)num to utilise different o\-game subslm&os as sole

. ‘cdrben spurces was determmed by nd‘dmg 0.5% of ellher phloreglugmol ol

Gmwv.h ol’ B mghclsslmum \mllzmg pl\loroglucmol as,the sole cnrbon' . o

source was deterrmne.d i terms of Lotal protem pmd\lchon Flnsks ‘44) were '

prepared eacll cdnmmng 50 ml, ol‘ m mnl s@lz medmm and moculn.tcd w1th 5 ml ;

of the chulum of 124 hour,s old) spore suspenslon “The fluks were mcubatcd ifi

" thie’ dark\nt 27°c Wit (110120 rmp)

P‘ Shnker Afi‘er every "B hours lwo ﬂnsks wgre tu’ken nut nud the myceha Wercf .

l'|]l,ered ‘separ: " ely through Whatmnn No, 1. rller paper " Th " ﬁrst sotof- mycehn ;

1
were' washed thh )elomzed witer ‘and’ “stared.in .4 small tcst tube at 20"0 'T‘he

ate huff conulnmg 1mM EDTA and

4 sabnd set wa.s washed with 0. lM pl(

y mM 2ME welghed nnd st’nred at -10"0 Sind ar:{y all lhe tubes were mc\lbnted

N ror the desnred ume penod and swred The mycelm washed with demmzed Water
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{ “rwiere e Tontotal protein deteémination’ aftet digestion with IN NaOH, as
descnhe'd previously.  The mycelm washed wlth buf(er were used for the
preparation of the crude extract for enzyme .assdys. A plot correla.ting the growth
with the er;zyme activity was estabﬁshed. A '

The experlmcn! vas repeated using g:\lhc acid is 2 growth —

2.5, Preparation of Cell Frce Crude Extract.

The mycelm washed .in 20mM potnss _.n-phosphate hnﬂ'er conmmng lmM_

= 2-mercnpwethanol (ZME) ‘ind lmM EDTA was frozen m a pre—cooled X Press

" (AB Biox. Nacka Sweden) shamber by irmersing the wholo cell sssimbly fato »

mixture of 60% elhnnol “and dry ice foxj 30 mmutes’. e frozen mycelia were

subjected to }lydraulic press’ufé (;f 12,000 Ibs/sq inch usmg‘a Carver Lnbora.tory
Prcss model C (F md S Carver lnL- USA) The recovered mycelial powder was
B s\lspcnded in 20mM phosphale b\lf!er (pH 7.2), contummg 1mM 2ME, ImM .
."EDTA and 15% glycgrol.‘ Thg:pmpormn of m{c‘elml powder and buffer was 1g

of wet weight crushed mycelia and 2.5 ml of buffer. . The “suspeasion" was

S centrifuged at 14,000 x g for 30 minutes in.a' Sorvall RC-3 Centfirlige. The pellet.

. was discarded and the supernatant was used'as an’enzyme source.

.‘Deurmlnnlon of Prot;in. ol

1 —“'[‘l.ne amount o{‘p‘rotein presén‘t ix; cell free extracts’or. “other s«’)lutionsv :

‘_(nlkulme dlges'. ol’ mycelia) was determmed rollowmg the method of Lowry et al.
(1051) Crystnllme bovine serum albumm was wused as a standard. The opncnl.

: denslty ol‘ the colb\ued soluhons was mens\(red at 600 nm usmg a thmadzuv

Spectronic UV-210 spectrogh
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. 2.5.2. Oxygen Uptake.

. A Clark electrode was used to determine changes in oxygen concentration

during enzymatic reaction. A circulating. water bath was_connected to the

reaction vessel to maintain.a constant temperature of 25°C. All solutionsused * .

were kept at 25°C. Oxygen Consumption in the presence of three different

hio 1 1

sub: namely phlorgglucinol, pyrogallol and: inol was mea “b‘y using -

. erude extracts of P. simplicissimum.

2.6. Enzyme Assays. :
» "

Thé method of Mathur (1971f*was employed to.measure phloroghicinol

feductase (PG-R) and inol hydroxylase (R-H) acti
were'run at room temperature in 3 ml of reaction ‘mixture-consisting of 2.7 ml of
0.1 M phosphate buffer (pH 1fi), cuptnining 1 mM EDTA, | mM 2ME; 0.5 umole

NADPH+H? or NADH+P{+, 1.0 pmole substrate and 0.2 ml of enzyme éxtrnct..

of NADPH

PG-R activity wis detefmined by ing the di

.in the* feaction mixture. 4t 340 nm using a Shimadzu UV-280 Recording _*

Spectrophotometer. The reaction was initiated by the addition of phloroglucinol.
. . o

‘. The enzyme unit ‘was defined as the amount of crude extract that oxidized 1

_-umole of NADBH+H™ per min per ml under standared assay conditions. Specific

activity was.defined as enzymelunits per mg protein.

R-H activity was d ined sp h ically by toring the
" p RS . .
disappearance of NADPH+H? in crude extracts: The reaction mixture contained

247-ml’ assay buffer, l,nmele. of -NADPH+H*, 0.2-ml enzyme and l'pmole
. b

Al enzymatic assays

7
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resorcinbl. The decrease in optical density at 340 iﬁn was monitored using a

———Gilford Spectrophotometer. 4

! Cntech‘o‘l 1,2 oxygenase activity in the crude extract was determined by ‘the
method o; Hayaishi (1064). The reaction mixture contained 2.8 ml of 001 M
phosphate buffer pH (7. 0), 0.05 pmole calechol 0.1_gmole EDTA and 0.2 ml of
. crude extract. Oxygenase activity was determmed by mensurmg the mcrease in
_optical dcnsny at 260 _am " using - a Shimadzu UVZGO Recordmg'
Spcctrophotomcter. One enzyme \qnit’ was de[ined'as theamount of extract
required to produce lumoie of Lhe product (cis, cis mucome -acid) per mih per ml. .

Specific ncuvxty'wns deﬁned as enzyme units per mnllxgram protein. .

Catechol 2,3 oxygenase activit.y ‘was measured by‘,the method of Dagley and
i Stopher (1050): The reaction mixture contained 2.8 1:11 of 0,05 M-phosphate
biffor- (§H. 7.0), 0.1 smole catechol and 0.2 ml of crude extract. Activity was
determined by ‘rneasurin‘g the increase in optical density at 375 nm using a

Shimadzu UV-260° Recordi h er. One enzyme unit was defined

g Sp

s the amount of extrnct producmg 10 umole of the producz (u-hydroxymucomc
semialdehyde) per min per ml. Specific activity was ‘determined 85 enzyme units

*" ‘per milligram of protein.

Maleylacetate reductase activity was measyged by the method of Gaal aud\

Nenjnhr (1979] The reaction was carned out in a 1-ml volume ceul.ammg 0. 05 M

Tris-HCI buffer (pH 7.6), 0.2 pmole of maleylacetate, 0.2 ymole of NADPH+H*,
. L4

and 0.2 ml of crude extract. The enzymati duction of maleyl was.
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determined by measuring the decrease in optical density using-a Shimadzu
. *\Uv-zso Recording Spectrophotometer at 340 am. One enzyme unit was defined
as the amount of the éxtract oxidizing 1smole of NADPH-+HY per min per ml.

The specific activity was defined 35 enzyme units per milligram protein.

2.7. Parhal Punﬁcahon of PG- R

’ Crude extracf, (20-ml) was concenbrated by filtering through a YM-10
meémbrane in a Diaflo Uitra-Filtration Cell-odel 12 (Amnicon Corp., Lexington,
- Mass.; USA), rollowi_n,\g‘ the ‘manufacturer’s manual. The opern‘lion‘wns carried
m‘xt -at 0~4°C u'mier a fiow of N, gas at 40 lbs/sq.i in pressnre with conétnnt
stirring. The concentrated extract red\lced to 3-ml was used for column

ch romatography.

‘2.;7.1. Column Chromatography on Sephadex Gels.
Five grams of Sephadex ‘G-200 was suspended with constant stirring in

about 500 ml of 0.1 M phosphate buffer (pH 7.2), -containing 1 mM of EDTA, 1

mM of 2ME, and 15% glycerol.. The snspénsion was allowed to swell for 48 holu:s
i ) at 4°C and the buffer was changed 2-3 times in l?eiween by‘degnntation. he
slurry was then deaerated by using a fr;eze drying assembly andstoréd_at’4°C.
Deénssed slurry was used to pack a column 30 cm x 2.5 em. Small amounts of

slurry were poured into. the calumn and allowed to settle before nddmg more /

/
. sluiry. Conpentrated enzyme extract (3-ml, 56 mg protein) was n))plled to che/
column and elited using the above buffer. About 3-ml fractions were collected
and the proteins i these fractions Were determined by recording the absorption at

280 nm on Shimadzu Spectronic 210-UV (Bausch and Lomb).
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2.7.2. Column Chromn&ognphy on DEAE-Sephadex.

DEAE-Sephadex A-50 was precy and d following instructions

by the manulnctl{rer. Two .gmms of the exchanger gel were soaked in 200 ml of
deionized water and allowed to swell for 2;1 hours. The supernatant containing the
fine particles was decanted and the swollen ‘gel was washed with 0.1 M potassium
phosphate ‘bnﬂ'er (pH 7.2). The washed gel was resuspepded in 0.1 N NaOH.

After three changes in NaOH 1£}ie gel was allowed to equilibrate. The gel was

washed with 0.1 M phosphate buffer }mti‘l ti:e effluent ‘reached pH 7.2." The-gel
was then washed in 0.1-N HCI followed by phosphiate buffer washing until the pH:
was 7.2. Finally the treated gel was sﬁspendet! in 200 ml of phosphate buffer and

deacrated using :n freeze di

ing assembl):.
2.8. Enzyme Stabilization. ; ’ ‘

2.8.1, Effect.of Metal Tons on Enzyme Activity.

Ferric Chloride, Cobaltous Chloride, Zinc Sulphate, Calcium Chloride

_~" dihydrate, Ferrous Sulpﬁate,‘ Magnesium Sulphate "and Ferrous :Ammonium

Sulphute were tested for the\r efféct on PG-R. The concentrauon of metal i mnsgz

the reaction mixture was lymole per assny mixture-of 3 mI ., A

2.8.2, Effect of Buffers on PG—R Acﬂvlty. o -~
PG-R acnvny was tested using different buffers in stnqda?ﬂ assay reactions.

The buffers used were:-

i 0IM potnssmm phosphlte buffer (pH 7.2), contammg 0.lmM EDTA, 20%

glycerol And 0.6% (wt/vol) sodium cholate.

N
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ii. 0.IM potassium phosphate buffer (pH 7.2), containing mono and dibasic

potasium phosphate.

iii. Sorensen buffer. ,0.1M sodium phosphate and 0.IM potassium phosphate (pH
" o72).
iv. 0.IM potassium phosphate buffer (pH 7.2), coﬂtaining 1 mM monobasic

potasium phosphate 1 mM EDTA, 1 mM 2ME and 15% glycerol (Achiryn,

personal communication).

v. 0.IM Tris HCI buffer (pH 7.2), containing 1 mM 2ME, 1 mM EDTA and
C15% glycerol.

vi.  0.1M Hepes buffer (pH 7.2), containing 1 mM 2ME, 1 mM EDTA and 15% - ¢
. glycerol.

2.8.3. Stability of PG-R at Storage Temperatures.
2 To (test -the stability of PG-R, freshly prepared crude extracts were
incubated in ice for 24 hours and PG-R and R-H activities were monitored every

hour.

Similarly freshly prepared crude extracts were frozen and kept at -20°C.
The extract was frozen in 0.6-ml aliquots in separate tubés. One tube was
removed every hour and allowed to thaw before carrying out the assay for PG-R

and R-H. . . !
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2.8.4. Effect of Potassium Chlorke on PG-R Activity.

Effect of KCI on PG-R was tested with an idea to use a KCl gradient for

\
hange column. Concén i of 1, 2, 3, and

enzyme elution from an ion
’ d . 5w
4pmoles of KCI were used in enzyme assays. The PG-R activity was calculated

by using-the standarq .assay procedure.

The ‘effect of potassium chloride on G-R was also fested by using freshl:

prepared crude extracts of the.P. simplicissimum grown on gallic acid.

2.8.5. Effect of Enlyhs Concentration omPG-R Activity.
| Different concentrations of freshly prepared crude extract were used to

meisure PG-R activity using standard assay conditions.

Similarly the experiment was repeated with the extract made from mycelia

grown on gallic acid. &y

2.8.6. Effect of Subatrate Concentration on PG-R activity

Several concentrations of phluruglucinol, 1, 2, 3, 4 and 5umoles, were tested
in stnndard assays for PG-R. The effect of substrate concentration on change in
nbsorblmce at 340 nm was noted using. a Shimadzu UV-260 Renordmg
Spectrophotometer. The enayme units and specific activity were determined. -

5 - +
P E C e k)
The same method was used to test the elfect of different concentrations of

the co-substrate, NADPH+H*' on activity. . The NADP]-H»H+ t‘oncentratlon in

the reacuon mixture were 0.1, 0.2,0.3, 0.4 and 0. Sumoles
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2.9. Isolation and Detection of Metabolic Prod

" The reaction products.  of  phloroglucinol were detected,

sectroph ically and by thin layer-chro by (TLC). Standards were
“*"prehared ata of 10-M in y metharfol, and usually 20 xl
werespotted on the plates ’
? ; 5 . . ‘
5 P ' n of les for Sp ph and Ch h

Five litres of minimal salt medium containing 1.5% (w/v) of phloroglucinol

. weré inoculated with preﬁrepﬁred inoculum. The flasks were-incubated at 27°C

S . in a Psycrotherm incubntor'shaker for 24 hours. Myceli; were filtered through

Whatman No. 1 paper. A sample of 1 ml of filtrate was taken and scanned for. \ s
maximum absorbance between 350 nm to mn nm. A small amount of filtrate wis
also kept. for{ TLC. The remaining ﬁltmte was ﬂled with concentraled
tiydrochloric acid to pH 2.0 and Xv'gi(educed in volume to 5[?-ml in a flash
evaporator at 35°C. The concentrated l‘ilt;‘ate was extracted with six volymes of
othyl sihet. “The othe traciion, wes evaporated to dryness and the residue was )
‘redissolved in 2 ml of melhanoL This sample was tes’@ed‘ for maximum absorbance
from 350-160 nm and 50 ul of the sample was also spotted on TLC plates. The

\ spotted plates were developed in a solvent system (benzene, 45 : methanol, 8 :

acetate, 4) (Randerath, 1063). The developed ch were sprayed with

colour developing reagents, The same ‘r’nethpd‘ was used to make the samples of

crude mycelial - extract and of the incubated reaction mixture for _
e a -

. Organic solvent extracts' were tested for .

, p P y.and ch p
. maximum absorbance from 350-190 nm scanning and 50 ul were also spotted on

- the TLC plate. *
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The “intermediates produced in gallic acid metabolism were isolated and
detected by ethyl ether extraction of five litres of culture medium which was
prepared by inoculating five litres of medium containing 0.2% (w/v) of gallic acid

with preprepared inoculum. The flasks were inéubgted for 30 hours at 27°C in 2 ‘
 Peyerotherm Incubator Shaker. ‘Myeclia were filtered through v\}hi;tm;'n No. 1
_paper: The filtrate (1-ml) was scanned for maxi.mum absorbance between 3?0 nm
to 190 nm. The remaining ﬁtrntzlwu treated the same way:us outlined for
phloroglucinol containing mediuxl;. The spectra were run for the maximum.
absorbance - from 350190 om oi a Shimadzu " UV-260 ‘Recording
Spectrophotometer. Organic solvent extracts (50 ul) were spotted’on 'l;LC plates
and developed in the solvent system of benzene, 45 :- methanol, 8 : acetic acid, :1
(Run‘dcrulh, 1963). Dev‘elaped chmma'tograms were .sprayed with colour

developing reagents.

£.9.1, Solvent Systems used in Thin Layer Chromatography.

" Several solvent systems and colour developing reagents were used for the -

resolution and detection of i di All'ch were run at room

p te using the in glass ‘tanks. The '

nlr‘nosphere in the tanks was saturated by covering the walls with filter paper

¥ ., ’which was soaked with solvent by swirling the vessel before putting in'the plates.

» Two kind of plntes were used One was paper hack Kodak Chromuogrsm 13181
_Slllcn Gel with: Fl\mrescent indicator (Eustman Kodak Company, N.Y.).. The
other was’ glass back jhromnogrsm, Baker Si250F-PA  Thin Layer

Chronrntogrnphy (J.T. Bnker Chemical Co. Phllhpsburg N.J).
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The chromatograms were prepared by applying 20 ”ul of standard solutions
prépared in anhydrous‘ methanol and 50 ul of samples on the starting line’ of the
plates and allowing them to dry. The plates were then placed in chromulogmp‘hy"
tanks filled to a depth of 0.5 em with the solvent. Pl.ms were removed from the
tank as soon as the solvent front ‘travelled about 15 cm. The chr mntcgmms R
were,_dned at room temperature. Solvents were of rcAgent ﬂde &Lu;gd
without further pnrificntion: F ' g E Y e

t

The 'solveug systems uséd were as fallows:
‘. b

i.  Ethyl ether: Acetic acid: Water. . To 13 parts of éthyl ;*thér, 3 parts of acetic

acid and 1 patt of deionized water was added (v/v) (Denison and Pares,

1052).

-

i thx ncetnte' Acetic_acid: Water. To 3 parts of-ethyl acetate, 1 pllr'. of

ncenc ucxd and l\pnrt of deionized water was added (v/v) (Lomer and™¥
Reichi, 1053). 4 ‘

iii. Benzene: Aéetic Qci'd: Water. Six parts of benzene was added to 7 parts of

acetic acid and-3 parts of deionized water (v/v) (Griffith, 1957).

iv.. n-Butanol: Ethanol: Ammonium Hydroxide. To'7 parts of n-butanol, 1 part

of 95% ethanol and 2 parts of 0.5 N ammonium hydroxide were added (v/v).
(El Hawary et al., 1953). *'

—~
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v. Isopropanol: Water: Ammonium Hydroxide. To 20 parts of isopropanol 2
- { P4

dd sl p

parts of deionized water and 1 part of

I =
were added (v/v) (Smith and Smith, 1961). 7 ' )
| . i |
vi.. Benzene: methanol: acetic acid. To 45 parts of begzene‘, 8. parts of methanol

. and 4 parts of acetic acid_ were-added (v/v) (Randerath, 1963).

. . - . . {
_vii. 95,% Ethanol: Conc. A jum_Hydroxide. To’100 rﬂ(l of 9% ethanol ‘1
' mi-of mm': ium hydroxide was added (K d a!“ld Barker, 1951).

hsd s

viii» Benzene: Dioxane: Acetic acid. To 80 parts of benzene 25 p‘nLn,s of dioxane

and 4 parts of acetic acid were added (v/v) (Randerath, 1963).

The colour developing reagents used for the detection of the chromatograms

) were:

i. Tetrazdtized benzidine (Randerath, 1963):- Solution A. 5 gm of benzidine was

h deionized

dissolved in 14 m| of concentrated hydrochloric acid and diluted

water to 1000-ml. Solution B. Aqueous 10% sodium nitrite solution. Equal
volumes of the two solyfions were mixed just before use. After spraying, the
plates were placed in a Precision Gravity Convection oven (GCA qorporation), at

105°C for a few minutes until the“spots were clear]y visible. ( ~

. Vanillin toluene Zsulghamc acid (Roux and Mnlhs. 1960):- 2 gn vanillin and 1
gm tolugne p-sulphonic ‘acid were dissolved in 100 ml of : nbsnlute ethanol, After
spraying, th'e-chromawgrams were placed in a Precision Gravity Convection oven,

at 105°C for a few minutes until the spots were clearly visible.
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4 2.10. Ultraviolet Absorption Spectrophotometry.

s 43

{ii. Bromocresol purple (Reid and Lederer, 1051}~ 40 gm of bromocresol purple” *

wese~dissolved in 100 ml of a 1:5 dilution of formalin in ethanol and the pH was

s B - '
adjusted to 5.0 with 0.1 N NaOH. After spraying, the chromatograms were dried
ina Preclsloﬁ vany Convection oven at 105° C. "

iv. Sucrose rengeg (Roux, 1951)- 2 gm of sucrose wete mixed with, 10 m] of

concentrated hydrochloric md and 90 ml of absolute ethano] Complete nmform]

sqlution was not achieved. “The suspension was sprayed on the chrnm!togrnms. t

UV-absorptionespectra were obtained using a Shimadzu UV-260 Recprding.

Spectrophotometer and 3-ml cuvette with'a 1-cm light path. The sample cuvette

contained 2.5"ml of deionized Water plus 0.5-ml sample. The reference cuvette

water.  Authentic ds were included as

contained 3 ml of dei

- controls. Compounds Yeolated on TLC plates weke extasted by ethyl ether before

running their UV-spectra. E - .

2.11. Enzymatic Synthesis of Maieylacetate. »

Muleylncetate was prepared enzymnticall;' by.. using trude ‘exira\cts of
Psuedomonas NCIB9818." The reaction mixture contained 150 enzyme unii‘s of
catechol 1,2-oxygenase in 25 ml ol 0.05 M potassium phoiphnbe buffer (pH éo)
Crystalline 1,2,4-Beénzenetriol (68.5) v&s alded in 3 mg portions over s periodof 1,
hour. The reaction mixture was kept at a tempemture of 4°C with constant
stirring. The pH of the reaction mixture was he]d between 8.5 to 6.9 with LO N
NaOH. Wlfen the I‘EMtim: was completed, the pH was adjusted to 7.5 and the

mixture was filtered through a Diaflo YM 10 membrane (dnl and Neujabr,

\’ .

W .

‘

L&

N
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t 3
1970). The filtrate was tested for maleylacetate Teductase by the assay system

described earlier.
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Chapter 3
RESULTS ..

. . »

| 3.1 Errece of p!! on Grqwth.

ure 31 lllu;tnlva the»erreemr H on i The grith fp simglicisnimhm

measured in terms of tutal dry welg’h pe k and- Eom prclem The: ﬂrgnmsm %

' grown on '15'% phhrqglucmol l_s s'.rate, showed two pelks of Gpnmal growth

" at pH 5.5 and 7.0

When the organism was grown on 0. 2% gnlllc acld at. pH 5.5 the maximum-
. / d’r’y weught recovexcd was 175 mg md a pmtem coll.ent of 200 3 At pH 7. 0 tha :

«. i yield as 175 mg and* the- protein ‘was 148 g (Flg 32). Thus the organism
g » showed two, optunll growth puks at pH 5. 5 and 7.0. .

Efter.t of Temyentnre on the anth of P. ngl\elulmgg .

"Effect of tempenmre on grow.bh ol the organum was ulculntnd in terms of

dry elght. and the amount of | prntem produced in each ﬂuk Mnxxmum growth

occ\m-ed at 27" C as, 1Il\mnted in hgun 33, Slmllnrly when the orgnmsm was

grown on gnlhc acid, opumnl growth umk place at 27°C.

BT




Figure 3-1:

Effect of pH on the growth of P. simplicissimum,
utilizing phloroglucinol.

P. simplicissimum was grown in 500-ml Erlenmeyer
flasks containing. 100 ml of minimal salt medium (of
different pH). with 15 gm' of phloroglucinol. The
flasks were incubated at 27°C for 30 hours. Growth
w.s determined per flask in terms of dry weight (mg)

mycelia’ recovered and total protein (ug) recovered by-

alkali digestion.
(meabs and standard deviations, n=4).

/
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Figure 3-2:

Effect of pH on growth of P. simplicissimum, utilizing
gallic acid.
P. simplicissimum was grown in 500-ml Erlenmeyer
flasks containing 100 ml of minimal salt medium (of
different pH) with 0.2 gm of gallic acid. The fasks

.were incubated at 27°C for 30 hours. Growth was

determined per flask in terms dry ‘weight (mg) of
mycélia recovered and total protein (ug) recovered by
alkali digestion.

(means and standard devmtxons, n=4).
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.Flgnre 3-3:

Effect of -temperature on growth of P. simplicissimum.
P. simplicissimum was grown in 500-ml Erlenmeyer .
flasks containing 100 ml of minimal-salt medium (of
different pH) with 1.5 gm.of phloroglucinol and 0.2 gm
gallic acid: The fasks were ihcubated at different
temperatures for 30 hours. Growth was determined in
terms of total protem (#g) recovered by alkali
digestion. .

(means md"h&ndnr@ deviations, n=4).
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3.1.3. Effect of Substrate Concentration on the Growth of P.
simplicissimum.
‘When grown on different ions of the sub: il dry

weight recovered was 110 mg at 1.5 % of phloroglucinol concentration and the
/ protein amount was 147 ug (Fig. 3-4). In the case of gallic acid utilization the
= maximum dry weight and protein contents were 126 mg 2nd 149 ug, respectively,

\ when lh‘z coqcentnti'on was 0.2 % (Fig. 3-5).

" 8.2; Utilization of Substrates.
P.simplicissimum utilized phloroglucinol, gallic acid, 1,2,4 benzénetriol,

y y ic acid and 2,4-dihydroxy benezoic acid ss sole sources of

carbon and enérgy (Table 3-1). : o

3.3. Grow;th Curve.
P. simplicissimum grown'o‘n '15% phloroglucinol showed thl{ee,distinct s
plifses namely lag, Ioglr‘ilhmie and stationary phase. The lag phase remained for
~-18 hours from the time of inl;ﬂll’lﬁollu The logarithmic state Tasted for 24 hours
- ending at about 40 hours of incubation. The sut‘m‘nnry phase continued for”
nlmos". 60 hours. The m:xim!un PG-R activity detected was about 0.49 ‘enzyme
units/ml after 27 hours of incubation (Fig. 3-8). PG-R activity showed a rapid

decline after 40 hours of ‘incubation.

* The growth curvs‘l‘or P. simplicissimum utilizing 0.2% of gallic acid llm.'_;
showed.a lag phase of nbou.t 10 hours and the logarithniic phase lasted till the

s 65th hour. G-R activity was maximum (0.701 enzyme units per ml) during ¢he

X




= Figure 3-4: Effect of phloroglucinol concentration on gr:)/m

simplicissimum.

P. simplicissimum was grown in 500-ml Erlenmeyer
flasks containing 100 ml of minimal salt medium with
different concentrations of phloroglucinol. The flasks
were incubated at 27°C for 30 hours, Growth' was
determined in terms of dry weight (mg) of mycelia * °
recovered and total protein (pg) recovered by alkali
digestion.

(means and standard deviations, n=4).
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Figure 3-5:

Effect of gallic acid concentration on growth o! B
simplicissimum.

P. simplicissimum was grown in 500-ml Erlenmeyer
flasks containing 100. ml of minimal salt _miedium of
with different concentrations of gallic acid. The flasks
were incubated at 27°C for 30 hours. Growth was
determined i~ terms of dry weight (mg) of mycelia
recovered anu total protéin (ug) recovered by u.lhh
digestion.

(means and standard deviations, n=4).




56

Figure 3-6:
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Table 3-1: Growth of P. simplicissimum on various substrates. £
.
5
- _ 7" : =
No. Substrate : Growth
1 Oftinol ‘ - .
< . 4 % .
2 Catechol : i -
L ¥ .
i 3 ) Pyrogallol %
4 Resorcinol ’ s oo
‘8. Gallic acid + ’
« - ) N N
8. Phloroglucinol + i
T Hydroxyquinone . -
8. . 1,2,4-Benzenetriol . + )
2. . , ) » .
o 9. p-Hydroxybenzoic acid . | + . ¢
- = 3
v L
10. 2,4-Dihydroxybenzoic acid *- - + ’
e .
v % .
Growth is indicated by + and absence by - symbol.
0.5% of all the above méntioned substrates were added to the ~ T
culture medium of P. simplicissimum and incubated at 27° C <
for 30 hours. Growth was determined the 'presence of '
extensive mycelia. o . L




e flnsku containing 100-ml of,, minimal salt medium with '
' 1.5 gm-of phloroglucmol The flasks. were' incubated "

K detenml{cd in terms.of total yrotem (1g) recovered by

i)

rowth -of . nﬁigh issimum ummng phloroglncmol "_.‘
nd the levels oIPG-R activity. 2
simplicissimum’ was' grown in- 500-ml Erler

n eyer \

at 27°C for different time intervals. Growth was - .

n.lklll digestion. Enzyme activity was determined by
usm; ‘crude extracts of mycelia. Enzyme assays were,

: performed under standard conditions.
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$igure 3-8:
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late logrithmic phase at 36-40 hours of incubation. This activity declined with

increase in incubation time (Fig. 3-7). ¢

3.4. Detection of Different E;x"meu in the Crude Extract of P.

simplicissimum.

4

The ¥ solution after ion of mycelia grown on
phloroglucinol was ﬁnalyzed for protein concentratio;n as well s enzyme activities.
The four enzymes detected in the crude extract are shown in the table 3-2. The
relative activities of PG-R, catechol 1,2 oxygenase and catgchol 2,.“! oxygenase

. were easily-measurable, whereas that of resorcinol hydroxylase was present only in

Lrnce amounts. T )
g . v -
The crude extracc of mycella grown on gallic acld showed GA-R,; catechdl:; :

12 oxygenase “eatechol 23 (£ "and activities

(Table.3-8).

' .3.5. Enlzymeé Inyolved in I;lilomglucinol Metabplism.

.P_G_-_li specific aciivity was 0.145E.U./mg protein in the extract! R-H
activity v;ms negligible in crude extracts of the organism grown on phloroglucinol:
Specific u.c.tivity recovered was” 0.005 E.U./mg _protein in the presence of
NADPH+H*. When NADH+HY was tested for the reduction of substrate, no
activity was found. Catechol 1,2 oxygenase was active in freshly prepared crude
extracts and- the specific’ activity was 0.087 E.U./mg\f protein. batecb:?i 23

oxygenase had a specific activity of 0.082 EU/mg p;otei (Table 3-2).




Figure 3-70) Growth of P. simplicissimum utilizing gallic acid, and

P

the levels of GA-R activity.
P. simplicissimum -was grown in 500-m! Erlenmeyer
flasks containing 100 ml of minimal salt medium with

0.2 gm of gallic acid. The flasks were incubated at_

27°C for different time intervals, Growth Ywas
determined in. terms of total protein- (ug) recovered by
alkali digéstion. Enzyme activity was determined by
using crude extracts of mycelia. Enzyme assays were
performed‘ under standard conditions.
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Figure 3.7: ) i /‘\
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Table 3-2: Levels of enzymes involved in cells grown on'phioto;lucinol.

No. Enzyme Specific Activity

' E.U./mg.protein
L PG-R ! 0.1454+0.04 .
2. R-H o 0.00540.01
3. Catechol 1,2 oxygenase . 0.00740.02

< . 3 s
,* ) . ' Catechol 2,3 oiygepue» 0.08240.03
Yy A0 o =

One enzyme unit in the case of PG-R and-R-H was defined as
the amount of extract required to oxidize ‘I wmole of
NADPH+H* per min per ml under dtandard assays
conditions. In the case of oxygenases one enzyme unit was

. defined as the amount of extract required to consume 1 pmole
of oxygen per min under standard assay conditions. Specific
activity was' defined as enzyme units per :mg of protein:
Enzyme assays were performed. on freshly prepared erud®
extract-of mygelia. .
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3.6. Prnperties of Phloroglucinol Reductase (PG-R).

3.6.1. Effect of Enzyme Concentration on PG-R. \

The PG-R activity was dependent on the concentration of extract in the
reaction mixture as indicated in figure 3-8. It reached a plateau when the protein
concentration in the reaction mixture was about 1.7 mg.

3.6.2. Effect of Substrate Concentration on PG-R Activity.

Figure 39 illustrates the effect-of phloroglucinol concentration on the rate

of the sub ilization. In case of p inol & ation of 0.67 mM

réached satiration whereas in the case of the: seédnd substrate (NADPH+H™) the

' snturalioﬁ point was.not reached until 0.167 mM substraté was used (Fig. 3-10).

3.6.3. Effect of Potassium Chloride on the PG-R Activity.

The effect of ‘potassium chloride on PG-R activity ‘was inhibitory. A 1.66 M
concentration of KCI caused 93.4.% inkiibition when compared with the control

(Table 3-3).

b
3.6.4. Effect of Metal Ions 6n Enlyme Activity.
'

'

Compo\mds listed in table 3-4 were tested for their effect on the activities of
PG-R and resorclnol hydroxylase. Fres‘hly prepared crude extract and partially
pun[led enzymes Were used for the expenment All the metal ions tested neither

activated nor inhibited the enzyme activities,




- 1 s
Effect ‘of enzyme concentrations on PG-R and GA-R
activities, o
Different amounts of crude extracts of ‘mycelia grown
on phloroglucinol were used for the enzyme assays
under standard conditions; the protein concentration
of the crude extract was 4.8 mg /ml. Similarly crude
, extracts of mycelia grown on gallic acid were used for
the engyme assays l\[d the protein concentration was*
5.2 mg)/ml: . . L
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Figure 3-9:

Effect of substr’atu phlorog)ucmol and gallic acid on
PG-R and GA-R*%Cctivities respectively.

Crude extrnc'.s of mycelia grown on philoroglucinol and
gallic acnd were used in enzyme assays; different

of sub (phl inol and gallic

acid) were used in each case.
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Figure 3-10:

Effect of NADPH+H" on PG-R and GA-R activities.
Crude extracts of mycelia grown on phloroglucinol and
gallic acid were used-in enzyme assays; different
concentrations of (NADPH+H?) were used in each
system.
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Talgle 3-3: Effect of potassium chloride on PG-R and GA-R activities.

-
- i 14 . -
L © KCl (%) Enzyme Activity
# : ! N
) ’ No. | pmoles/Assay PG-R GAR s
S ; ; :
. = .
a
1 © 0.00 100 100
g (A
. ? .
2 033 228 448
o 0.66 163 v 38 -
4 0.00 130 . 288
~ X ) =
. 5 133 ' 9.3 185 N
x 6. ,' 1.66 54 4 . 9.8 e
. - °
A ol C ) -
" All enzyme assays were done under standnrd conditions. 100 .
% of _enzyme activity ‘was considered” when no KCl was . o
present, in’the reaction mixture. The protein r.onccntrmon in
* the mycelial crude extract grown -on, phiotoglucinol was 4.8
mg/ml and'in gallic acid grown mycelia was 5.2 mg/ml._ s .
o B mroe s
B 4 =4 '
-
S & 4
- -
i .
. ~ : v e
7 ~ 3
v S o .
o : .
s =
. ¢ v a
' g
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Table 3-4: Effect of metal ions on PG-R activity.

e
| 7 . ‘e
i . Metal’, o Effect
’ Tous v T, - (PGR)
N FeCly . e g
LcoCly " : s :
N : g : ¥
© o mso,
Ga, -
5. FeSO, . - -
8. N MgsO, . -
7. Nic, B g
-8, cucly - .- -
9. U Guso) T s - »
" LI :
- e w4 . m . <
10 FeNH, 80, - 0 .
LT W,

¥ 5 N

B Lore!
" “No gﬂeﬂ is indicated by(-) symbol.

"In every assay mixture lumole of, above mentioped solution .

was added and the oxidation of NADPH+H™ was monitored.
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- 3.8.5. of E res | Diffe :Buiferf
The results of phiorogiucinol reducté’s; Mtiyi?}' tested in different buffers .
Ashuwed- tl;at maximuri ‘e‘nzyme stability Was.witllx 0.1M potas'sium phosphate
'bu[fer conla\nmg 10 mM EDTA, 1.0 mM 2ME and 15% zlycerol (Achnrya,
personal commumcnnon) Other bufters dld not have any protccuve effect on

Y

enzyme slablllty (Tab e 3-5)

3.6.8. ‘Shbllity”'of PG-Rat Smrage‘femper;tllrn.
. PG-l:{' activity w.ss tested in freshly prepared. crude extracts of }l‘
simelicissimun; érown on phloroglucinol. The enzyme was aetive. only in fresh
extracts. It Iose its activity within 5 hours when swred 2t'0-4°C and at -20°C it
remned its actxvxty for 18 hours (Table 3-6).
3.7. Oxygen Uptake by Crudc Extrm:‘ts. p
Oxygen consumed by freshly’ prepared crude extrnct of cntechoz 1,2
oxygenase was 0_3};{-_0.13 umoles/min/ml. In case of catechol 2,3 oxygenase
0.27:+0.08 ymé:!es/min/ml were consumed. Oxygen utilized by the cxtract in the
 presence o phloraglucinol was 0.96::0.002 smojts/min/ml and"when, pyrogallol
o was preser;l inf the Q‘stem l!:e oxyggﬁ consumed was 0.07540.01 ym‘oles/min/mk
' Resorcinol was also tested for the utilization of oxyken but no oxygen

consumption was recorded (Table 3-7)...
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Table 3-5: Eﬂect of different buffers on the stability of

8 -PG-R activity. i 5
- : —
© No.'~ X - ‘Buffers . % - - L]
= ¢ ' : s Activity
5 i i . %
— Ld
‘. * ‘
1 . H.epes ' v
] ) : \

2 \ Tris HCI . = 5

4’) Sorensen - ! ’ =
4. 0.1M Potassium phosphate -

g
5. 0.1M Potassium phosphate
(Sodium gholate) : "
- . -
8 ‘ + 0.IM Potassium phosphte N
. . - (15% glycerol) 100
d ' ' : ) g 8
All the :bova mentined buffers were sepuauly used for B
washing and extraction of mycelia. Enzyme assays were also- i
- ¥, . done with the same buffer. & =

\ o Hepes (N-2-Hyd by ine-N-2-eth If acid).

\ Sorensen ‘buffer is 0 lM sodmm -potassium phosphne bul'ter

“ i ¥

13 . \
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Table 3-6: Stability of PG-R at different storage temperatures. ’

. P

Incubation o ”6 PG-R “Activity. after storage at

Hours (H"C -20°C-
| [ ‘ 0o - 100
b 1 , 859 ! 92.8 -
2 B TC Y]
) w8
3 650 - 122
4 229 : 69.4 §
5 ’ 18 60.4
. 6 0 514
s
T 0 . 0.0
. N
8 .0 ’ 28.6

17 - 0 2.3 I 3 : :

18 [ 4

; . . A freshly prepared crude extract was kept in ice (0-4?‘0) and - i
0.2-mk. were drawn\out at 1 hour intervals for. enzyme tsnyu i
Similarly fresh crude extract was lroz%z at -20°C in 0.6-ml

*, aliquots, and at 1 hour jntervals, tubes were removed, allowed
to thaw and assayed for PG'R activity. . uy *




7 i ;
‘(' # — o 13

" Tabled7: 9Kygen uptake by the crude extract ol‘li simplicissimum
¥ . grown on phloroglucinol. -

-~ & B g
'
5 Oﬁgen Uptake
No. Substrate pmoles/min/ml
" .
. is S s
i i - Catechol . . 0,2740.06 .
C 2 Resorcinol none
. : > B
g ! Pyrogallol 0.0740.00
. ; I )
. - CatechoH-EDTA © 0724013
& 3 Phloroglucinol , © 7 0864000 ’
-
)
- A blnrk electrode was used to det: changes in: oxygen

. concentration .during. enfymatic ;wn between crude
.extract of P. gimplicissimum and' the different substrates at
252 C. 3 .

Lt R
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3.8. Separation of PG-R and R-H Activities by Gel: Filtration.
Concentrated ‘crude extract was run through columns of Sephadex G—15,‘

G-150 and G-200. Fractions coliected frgm Sephadex G-75, G-150 and G-200 did

4 5 .
not show-sharp peaks at 280 nm. When tested for enzyme activities, none of the

’ e :
fractions had &my méasurable activity. Fractions from DEAE-Sephadex had a ' ..

sharp protein profile but lacked enzyme activity.

3.9. Chemical Reduction of Phloroglucinol by Sodi
Borohydride. ’

The ultraviolet spectrum of | gives maximum absolb_nnc'e at
271 nm (Campbell and Coppinger, 1953). Chemical reduction of phlorbglucinol
with sodium borohydride produced a product which had maximum absorbance at

278 nm (l;‘ig. 3-11). E‘nzymntic‘ reduction of phloroglucinol also' gave a product "

" with a’similar maximum absorbance at 278 nr.

—

3.10. Detection o_f Enzymes Involved in Gallic Acid Metabolism.
Crude extracts, of P. simplicissimum grown on ',ov.z% gallic acid were
urrﬁi;;cd for enzymes involved in the metabolism of the suhs!rn‘te: Gallic acid
reducu.lse (GA-R) .was the initial enzyme acting on t’he substrnle: This enzyme
wt;s‘dependent on NADRF+H* Qun”é‘t‘!ctron donor. , The specific activity of
GA-R Wnls .cnlculatéd to be 0.154 EAU./:ng protein, ‘Thc enzyme catalyzed the
oxidation of NADPH+H+Y in"equimolar amounts.” The spectrum of. the product -
formed by the en}yma‘i{c ‘reduction of gallic acid is shown in figvure 3-12, o

R | wiog @ ¢
* R:H was not detected in the crude extract of P. simplicissimum grown on

.
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Figure 3-11: UV-Spectra of phloroglucmol and ehemlcl.lly’ raduced
phloroglucinol.

Maximum UV-absorption of 1.xmole of phlorogluemol

was recorded from 350 nm -to 190 om, 1 gmole of

sodium borohydride .was added and the UV-spectrum

was recorded at 1 minute and 5 minutes of incubation.

®  eae- o Phloro;lucmol
< Dibijdropbloroglucinol 1 minute
N z : 2 e
- Dibydrophloroglucindl $ minutes
Y .
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Figure 3-12: UV-Spectra of gallic acid and enzymatically reduced
.- gallic acid. -
Maximum' UV-absorption of 1 ymole of gallic acid was
recorded from 350 nm to 190 nm. The UV-spectrum
of the product produced by -enzymatically reduced
gallic acid-was also recorded.
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gallic acid. However catechol 1,2 oxygenase and catechol 2,3 oxygenase were
active in the crude extract with specific activities of 0.129+0.21 and 0.087+0.06
- trespectively. Maleylacetate reductase wi %lso NADPH+H* dependent and had 2~
spcciﬁc.utiv}ity of 0.08540.08. No maleyl;cetate reductase activity was found

when NADHAH* was used as an electron-donor (Table 3-8).
© 3.1, Pfrope(ﬁea of Gallic Aéid Reductase (GA-R).

3.11.1. Effect of Potassium Chloride on GA-R.
Potassium éhloride.had an inhibitory effect on GA-R. The control without
KCl showed 100 % activity. Maximum inhibition was 90.4 % with 1.66 yM KCl

in the assay system (Table 3-3). A similar pattern of inhibition was observed for
s i )

PG-R when KCI was used in the test.
. ~

3.11.2. Effect of Enzyme Concentration on GA.-R.

The GA-R activity was found to be d dent on enzym;z jon as -
shown in figure 3-8. The substrates used were gallic acid and NADPH+H*. The
reaction rate reached a plateau when the concentration of lht; crude extract was

0.186 mg.”

3.11.3. Effect of Substrate Concentration on GA-R.

Gallic acid reductivity was dep on as well as

(NADPH-+H*) as illustrated in figure 3-9 and figure 3-0 respectively.
. g v &
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Table 3-8: Enzymes detected in cells grown on gallic acid.

No. - Enzyme ' Specific Activit.y.
: | E.U./mg.protein -
st L " GAR 0.1544+0.32
2. MaleyhT\ale'red\lctue 0.085+0.04
) -
3. Catechol 1,2 oxygenase . 0.12040.2)
¢ %
N s .
4. - Catechol 2,3 oxygenase 0.08740.06
5. " RH Py not detected.

One enzyme unit in the case of GA-R, R-H and maleylacetate
reductase was defined as the amount of extract required to”
oxidize l1xmole of NADPH-&-H*’ per min per ml under
standard conditions. In the case of the oxygenases, ‘one
enzyme ynit was de!ined as the amount of extract required to -«
consume lumole of oxygen per min under standard assay
conditions. Specific activity was defined as enzyme units per
mg pwtem
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3 12.1 TLC of Cunuu Media of Myean.ﬁmwn on Phloroglnthml.
Snmples of cultun: medm of myceha g'rown on phloroglucmol for P

chwmawgrsphy were ‘prepared as “described 'in the matenals and methods The
ggoued sample on TLC plates resnlved mbo three . spots with RF values> of

0.2140.04, 0.474+0.04 and' 0.5240.05. The Rf value,ol' the second band

corresponded to suthentic phMroglucinol (Table 3-9). The band, which

co'r_rfponded “to the- standard 1,2,4-benzene triol - was removed . from the

chromatogram, extracted in ethyl ether (described in ials and m ds) and

d in 1 ml of methanol. The ‘méthanol solution (50 ul} was again spotted
on. a TLC: plate and ch’romatogﬁp‘hed as before.,, A sample of standgrd 1,2,4-
. benzene triol was also spotted.l The plates were developed using solvent system
+C. The Rf .v.nlue of the'sample was identical to that of authentic 1,2,4-benzene.

. triol.
' )y

3.13. Ulira-Violet ;Abuorption Spectrophotometery of Culture
‘Medium.

A-culture medium of a 24 hours old flask culture, when examined on'a’

speclfrophotometer showed the presence of a "-(hat absorbed r aximall

at 288 nm (Mason, 1949). 'In order !o further identify this compo\)nd the culturé®
" *medium 3 was extracted mthﬂethyl ether as discussed in mntenals and, methods .
The ethyl ether extmc'. wag Zub}ected to thid Iayé- chromntogmphy usmg the -,

same solvent system as showed before. Tho bnn;l correspondmg v.o authentic

1,2,4-benzene triol was removed l;nd rbbxt;ucted in ethyl ethsn t When exnmmed
' c : ' o o

oA ‘

=
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Table 3-9: r/
. .cultire medium grown on uhlero;lucnuol o
Fon 5 P %
- o . L.
R 3 - ™ 7
: A w s
Samples Coripounds o, RF Values
: ' (cm)
- - .
» 1. . Pyrogallol : " 0.35+0.04
2, Gallie acid . * 0.1940.01 ,
. S - * ‘ : = o -
3. . Phjoroglucinol e + 0:21140.04
e . . .
4. e p-Hydroxyquinone 0.66_-0;0702
5 ' p-Hydroxybenzoate 0.40+0.04
. . # - *
. . ] . .
! 6. 4 1;2¢4-Benzenetriol i 0.4740.04
e o A = 5 0.211?.03
’ 8 B N 0.47+0.03
0 T . 0.52:40.05
, R = &
2 2 /
L A
g
f . The samples and 'standards were spomd on TLC plates and
— {/ developed in a’ solvent systém consisting of benzene, 45:
HE . v methanol, 8: acetic acid, 4. . The spots were vuun]md hl
< ¥ . vanillin toluene p-sulphonic aeid nnd Uv- nght f
*t,\ ey . ¢ W
. Lo o M T




wns recprded using a.spe The d

at 288/l!;m (Fig.

Tz - . s . . 9

REREEN Dete:tlon of Metabolites frofn- Cnltnn ‘Medium.of u;een. -
Grown on Gallic Acid. =™ 5

“Thirty hours old culture media of mycelia grown, on'gdlic acid were”

‘!xzncted in ethyl ether, lnd mh)ecﬁed to thin hyer :hromnlogrnphy and ultﬂ-

vlnl-f' Séorpti p n ;; Three b\nds were nbserved onemn\,
L. onded to the guth ati 12:+-b . ‘triol (Te le 3-1). The corresponding *

_band ‘was removtd and egt}gcted in ethyl ether., The ethyl ether extract was

* - taken to dryness and the residue was dfisolved in methanol. .The UV-spectium

AN
lbsorpnon at 288 om and llxe overall spectrum was slmnlu to the nuthennc 1,2,4- -

‘nzene-triol (FngM). P E

3.13.2. D ion of I llular Resocinol in Mycelia Grirwn on
- 7 i eSS
Phloroglucinol. = ) . 3
/ A 3 % s s
A cmdqxjnct of the i£ grown on hl ihol was d as

dmrlbed\h\m mls :nd methods. A 51}‘\L of the prepared nmple was spotted .

on TLC plntes and developed in the solvent system: . benzene, 905 dloxlne, 25

acetic ‘acid, 4. The nlnple separa!ad ilto four bands. The Rf vnlue of one of the’
bands coresponded to tha Rf vnlue ol utandnrd ruon:mol (osxio Ol) spoﬂad on
the'

¢ ether nnd tnken to drynesa Thu resldue wu redmlved in’ m':thlnol and lpoued £

* on'a TLC pllle with Mlthentlc rmmnuL Tlle Rt vnluu observed were llmllll’

for the sample and \ha llnndnrd (stle 3-11]
e~

e plnte The bnnd was remuved l'rbﬁ thu phta, revxtrlcted with ethyl




% Figure ;ia:

.UV spectr

Uprectr n\qf culture medium ;{‘P. simplicissimum
grown on phloroxlucinol. .
of ‘cul tu:e filtrate of mycelm grown on

phloroglucinol and-1,2; 2;4-benzene triol were recorded.
The filtrate was extrutﬁ\uslng ethyl ether and -

- redissolved in methanol. It was ploti ted on TLC plates
" ‘and tested for Uqusorpuun " The #ots recovered
.from TLC plntes were extracted again with ethyl ;

ether, dissolved: in ‘methanol, plotted on. TI.C pln
and tested for UV-; nbsorpnon

e L TUC plates

————- alayl clh-r extract of _cultural, madmm
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Table'3-10: Thin layer chromatography of an ethyl ether extrac! of
' culture medmm grown on galhc acid.

< 3§ 5, g . _ ‘. 4
> ’ . Samples. . ".V Com;;ou;d\s " - Ri‘ :\fniﬁu‘ <
. o ) (cm) :
Fy;t;g‘nllgrl. e L 5 i Vb.q’sio.él. e
Gallié iwi;i B '
'li’lillsfogluginol ‘ F ‘ - ' :
Bt 4 . p-Hyd;oxy"henons;e N
; 5‘. 1,2,4-Benzenetriol
B AT T R
\ s B - , _
g0 P : (_:. Ll . i 0444007
- 4 ; X . <
' ‘Thu umpi and stundu;h were spottal on TLC plates and

developed in” a solvent_system consisting- of benzéne, 45:. .
methanol, 8: acetic dcid, 4. The- apou'weu‘vmlahzed br i
@ 2 v:mlhn toluene p-sulphomc ncxd and by UV-| llght 4 :




= | rd s
- " 2 ~
8 .| 3 . et
t . g < L4
~ 3 L R %
3 . g4 iy
b .
: . -
. 3
. . b
e 0L ' g ) Figure ‘3-1'4' UVapectrum'—oPculture medium of P. gmlglmnmmnm

grown on gallic acid.
« UV-spectra of culture filtrate of mycelia grown’ “on

. 5 5 " gallic acid and 1,2,4-benzene ffiol were recorded. The
_ .« filtrate was extracted- nsmg ethyl etherph ﬂ;.e d—
e i in methanol; Jt was plotted on TLC plnts and tested

¢ for UV-absorption. The spots recvered from TLC
. plates were extracted again with ethyl ether, dissolved.
in methanol, plotted on:’ TLC plates l.nd tested for UV-, -
e lhsorpuon :

= ) = § ».._._._.spou mgvered from TLC plates
. oy . -

¢ ' S & 3 *
e e = ethy] ether extract of cultural nedium -

+ 1,2,4-Benzene triol P J\ .

e culture._ filterate -
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,. Table 3:11: Thm layer chrombwpaphy of the ethyl ether extnct of

K 5 i / mycelia-grown on phloroglucinol. - . #
] . > ¥ :
i T <
Samples
# .
i
Lot i ’ T
% Pyrogallol .~
T
Phloroglue'
g 5. ‘
Al
i - 8. g
[ R ] . : L 0413003
5 . - ) v ) - .
G T 8 D " g 10384005 |
’ « : i
: 3 =
' A B, Cand D represent, spots’ obtained -on TLC plates - . . . P
developed using solvent - system ‘benzene, 90: dioxane, 25:' -
acetic acid, 4. The spots were visualized by\mmocreso —t
, -purple and UV light. i
. iy —
« \ T
R
¥ ' ™ W Ey ™
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Ao “ethyl efhdt extact of the crude éxil:mt ‘wal examined using a ( i

hots 'Auv- "izh imum absorption at 290. . - - .

\ _.,.n detec'ted (Flg 3-15) For further ldennﬁcatlon, the ethyl ether extract o{

3.13.3. D i
* e ¥ . I ¢ ./ . T
Malethetate wns prepared usmg the method descnbed m

Neujﬁhr (1979) Thls subétrate -was then \lsed bo detect maleylacetnte reductnse

in; the; cmde extmct of ‘P slmp_lmsslmum NADPH-{II‘ was dxldlzed m the‘-

mlxture Was exhacted

pfesence uf mnfeylacetnte snd crude extract The Feac

The ethyl ether extrnﬂ showad a spo )

Cioa chl’dmntographed on TLC pmes




‘\- ..’Fl!uré 3-15: UV-upectrum of crude extract when phlorogluclml was

L % 7 uhhzed\by thie organism.
S s - A uude\ extiact of mycelia grown on phlorcgiucmol
i 4 " was exmcted -witha ethyl ether, redissolved in

° &5 méthanol \ and plotted on TLC plates. The spot

‘checked l‘or UV-absorption; l1smole of resorcinol was
also tested for maximum absorption.

+ e e s+ PESOFCIDO Y g

spot dfiom TLC plate
.

% L recovered \was again extracted in ethyl ether and.

e

-
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= g /Flgnre 3-186: UV-spectrum ol synthwzed mnleyllcetate, and the
g / product of its enzymatic reduction.
Maléylacetate was tested for UV- sbsorplmn, similarly. , v
Lumole ol‘ 8 kew ndlpate was sclnned “The product ol' Yo R B
of was, @ wp
and plotted’ off TLC. -plates; the spol obtsined wab L s
reextracted and tated for UV-nbsorpﬁon : -

memmemmseme= f keto adipate

» = — extract of reaction mixture
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Chap(er 4
Dis CUSSION

: 41 Growl;h Condmonu. g e s f % el

N ek
ical condilions -

) The prlmary objecnve of thxs resenrch was'to stndy the ph

=4 underfwhich Pen um'§/ glmssnmum, a sonl fungus, nuhzes phloroglucmol al d ‘

gnlllc md assole; soul/ e\ﬁf carbon and energy The second obfechve wu to.

'.‘The ilization of - phl ," inol by mi i was ﬁnt shown by

* Wagn r (1914), andsthe, Sh.ldles were Iollowed By Gray ‘and Thurnmn (1928 G
! 7

1965 Robern did detmled mearch about the, meubollsm ot phloroglucmol by

* Pseudotnonas sp.

icillivm gp_‘ &y\thu{ many scnenmts wnrked on the .

3 o oat f by mi foo ‘-  Penleillium sp. MEc M4y was Ilsed J
by Mathur (1§71) to study the ep#ymitic degradati orpho'rﬁ" .
S s e e
* * The soi.l fungus used inthis research belongs to kthe‘clnss _Dcule‘(amyce&;gv . o b v
‘(Fungi T cti), which is diff ’ by the appéarace-6f spore Enaringﬁ_ )

structures, wmdlophores (Frazier nnd Wes':hoﬂ' A1978) simglicissimum utilind *

*
vvanous armmhc ¢ompounds. . -Of »all the aromahc compoundu.mted,

. i D 4 » . .
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*phloroglucinol- and gallic acid were the ‘two' that stiowed maximum growth in

terms of - dry. weiglht, pr_‘oteﬁ: contents -and enzym'es produced.  These twa.

- compounds werd used througheut in this rée’ax_ch‘

g 1 8 1 4 .
. Robern (1985-) reported tlmt Penicillium sp. Mac M-47 grew best.at neutral
pH, then P sxmphcmnmum was grown. on phloroglucmol and gallic acid

sepnrately The opt|mum pH for, growth vias 5 5, and the second best pH was 7. 0

wluch agfee with’ ‘the results ol Robern (1965) @d Mnthur (mf«l) The opnmum
Qempemlure for the growth of the organism was observed to range from 27"-29" ¥

.C. Pehi

_lmm .L Mac. M-47 ‘also showed ophmum temperature of'30°

(Mnthur. lWIl) R L

: A number of soil organisms were tested for utilization ol‘ phenols'by Gray

nnd ’['bomton (1928), who used 0 1 % of phlomglucmol (w/v) -and ‘reported. that
100 % decumposltlon of the substrate look place in 4-28 days, dependmg upon the
orgnnlsln used anner (1914) reported a bacten\lm lsolate which utilized 0. 18 %
phloruglucmol in 34 days. Senning (1963) showed that pronounced mhxbnmn in
the gmwth of Sporocytophaka mxxococcolde occured at concentration hlgher
than 0.1 9. Jn Psendomoqu sp. the optimum concentrndon of: substrate was

reported- to be 1 % (Robérn, 1965). The opti’;num for Penicillium sp. Mac M-47

: phlomglucmol (Mathur, 197 1) The optimum concentration of’phloroglucmol for

‘the growth of . slmglmssxmlun was 15 % (w/v), whereas blgher concentrnnons

mhxbm.-d growth When the orgamsm was. growh on’ galhc acid as a sole source of

cnrbon nnd energy lhs ophmllm pH md tempernture were found to be similar to

:was il;il reported . but the orkanism grew well in_the presenée of 025 % ’




-the pnrtmlly p\mﬁed eniyme was NA.DPH-(-H"‘ dependent nmb snbs
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those obtained with the utilization. of phloroglucinol but the 0 ration of

gallic acid was much lower than that of phloroglucmol Concentrations of };nllic
ncxd hxgher than 0.2 % (w/v) were mhxbnory i )
4.2. Epzymes Involved in Metabnlium of Substrate.

Rober_n (1965) reponed thet cell-free extracts of Psendomonnsxﬁp. »rcgiuired

v
/

NADPH-{-H"’ for " !he de Sosit .ol'_, v‘, cinol and substitution of

NADH+H+ caused 50 % reduction in lhe rate-of euzyme activity. Sxmxlnr results

were reported in't) ‘{m case of Pseudomonas s “by. Hang_(1967), who! hnwed that

uu'on of

- NAJH+H*‘ inhibits enzyme actmby He explnmed this by the p&blllt}' of the

absence of NA.DH+H+-ox|dase and NAI)H+H+ NADPH+H+ Lmnshydrogcnnscs

from thb pnrglally punﬁed enzyme prepngntlom

4.2. 1 Properties of PG-] R and Metnbollc Intermedlntes

‘J/}JADPHW"

degendent. No PG-R or GA-R ncuva was nbted. by the substltullon of.

The present study showed that, the cell-| frr.e extru

NA]‘)E‘HH"‘ PGR and GAR ‘were able to camlyse a rnpld oxndnuon 0{
NADPH+H"‘ in the presence of phloroglucmol and galhc acxd respccnvnly

Vnnous. other phenuls hke resorcnhol, pymgallol nnd catechol were found unnble
%

. to act as hydrogen acceptor from NADPH+H* in the prasence ol' PG| R and G-R.

Dagley and Patel (1957) isolated e. ," d Il‘rom the oxidati o[,
A

' md by Pseudomonns sp. hnvmg mnxm\nm ahsurpuon at 278 om, In 1665 Rol)ern

igated ‘the’ fe pathway of phl by reshng

PR boli

'cells of Pemexllmm gp_ Mac M- 47 and reported the” nccumu-lntmn of S compound
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with maximum absorption at 278 nm, in culture medium.: The compound was not

further metabolized by the fungus, and he was unable to isolate vthle compound.

Hang (1967) also reported a d with jmui & b jon at 278 nm in a

culture medium ' of Pseudomonas sp. He identified the compound’ by

stoichiometric %udi@. - He proved that the oxidation of NADPH+H*, in the

presence ‘of PG'R, was equi to the di of _ Hang
: (1967) connrmed the: earlier findings of the product of PG !f reaction by the

nddlﬂuq of two hydmgeﬁ atoms to the phlomglucmol wnth NADPH+H+ as donor

He id "’me m asdn., sphloroglucinol.

Further conllrmauon was done by mas§ s]jectroscople nnalysw (Jam)eson et

al, 1970) Thcy prepared the sample by ethyl ether extrachon of ten lltres of cell—

’ I'ree culture medium. The residue ol ether extrﬂct was column chromatographed

) “and the fractions having 978 nm absorptxon were pooled,_passed thraugh the
,S‘ephnde)‘( column again and‘ a single fraétion was selected. Furtlie;- purification of '
the selected fracnon was done by TLC. The prepared sample was used for mass i
spcctroscopy The results reyealed that “the pnrent ion in the prodnct of
phloroglucinol: reductxon had a molecular fcrmuln of C Hg O Whlch carrespcnds ’
to dlhydwphlorogln_cmol. The product of ;* ic reduction of p ) lucinol =

with- NADPH+‘H+ ‘as hydr_ogen domor, was also :iiientifi:d. ns .

dihydrophloroglucinol,

In -thé present. sllidy ‘u was possible to show that equivalent amounts of
NADPH-(-H"' were ' oxidized. i jn the presence of phloroglucmol and gs!hc acld by .

!rcsh extmets of P slmghclssnmum In case of phlomglucmal the absorpnon peak ™ 5




-Tbe presence of these enzymes in
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shifted from 271 ‘to %nm, which was further confirmeg by the chemical

1 by sodlum r ydride. These results agree with the

dotivneof i

results of Robern (1985), Hang (1967) and Patel et al., (1081) Mathur (1971)

reported that the new compgund formed had maximuin’absorption at 285 am in

the case of Penicilliom 'sp. Mag M-47. Robern’ (1968 reparted sthat. the, first

ymati \reacuon of phl éi “" dation was NADPH-Q-H*‘-dependent

: and reducuve in nat}ue This mmal step was thought w be the result of removal

. of one hyd(oxyl grollp from phlomglucmol No evidenck was uhlamed to connrm

the rmdmgs of Robern that the dehydroxylntmn occurred before the reductlon of

phloroglucmo] in Pseudomonas sp. Mac’ M~411 L

The mmal cnzymatlc Jeachon for galhc acid decomposmon Was nlso h

reductive nnd NADPH+H*- dependent. ‘The shlftmg of- absorption peaks [rom )

262.5 to 280 nm were due to product formntmn Yuhlda et al. '(1985) gave the
e scl\eme l‘or the prod\lchon of pyrogallol l’rom gal]xcacld by an |solated bnctenum
Cltmbacter $p.. Dagley* (1971) reporled that Psendo‘monas Sp., grown on synngm

. acid, had. the ablhty to metabollze gallic acld The utilization of galhe md by

mlcrourgamsms has not bagn estnbhshed so Iar
In the present study, ortho and mela fission, enzymes were detecied b))
specific assays described ror catechol 1,2- -oXy genase and catechol 23—oxygena.se

cellx grown on ucinol has not

been previously reported Bolh acuvlhes, in cell free extract of P. slmghclsslmum

grown on phloroglucmol were found to be ¢ on enzyme tion as ‘

ated in s ic studies And by oxygen uptake experiments.
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The cell-free extract of Pemcllhnm _p_ Mac M-47 used by Mathur (1971)
retaineg its PG-R and resorcinol hyrlroxylny utwma for 15 days at 4° C and for
75 days at.-202.€. Cell-free extracts or mycelia grown opjthe phloroglucinol lost : »
. its PG-R a:ti_ui!y within § hours at 4° C and 18 hours at -20." C. Resorcinol

“hydroxylase was never detected in these cell-free exmcu of P: simplicissimum.

All the nu.empu w purify the PG-R from the cell-free extncl falled due to the =
unsublllty of lhe enzyme. PG-R activity in crude’ extracts could not be stnbl]lud"

by metal ions or by different bnﬂer,sysg.ems. )

'Mnby bacteria nnd. fnngi can utilize eyclic co;np.onnds as sources of carbon

and encrgy, a nutrlllonul character whlch\'eﬂecta lhe operntxon o[ specialized

mctnbohc psthwsy throngh which these substntex are converted th ahphme

cellilss intesmiediary. metdbolites. One of the ajor microbial pathways ‘for the

I H n of. i u_thc Bk dij " pll.hwny.~ The isite structures y

s+ for. rin:g cleavage are hydroxylah’,dr inurmedinm- such (u - catechol ' and
protonnlechol < This "is’ usually nchieve.d either by 'elimin'.'io.n‘ of substituent "
grnnps from the benzene nucleus (Dngley and Patel; 1957; Ribbous and Evaus,
1960) or- by the hydroxylation of benzene nucleus. Oxﬁenm are capable ‘of

- brgnklng these cqmpounds into pllpba@m substrates (or further metabolism.
. 5 .
Hnng (1%7) sl\owed thn dehydmtwn ol dlhydrophloroglnclnol formed from

hlnroglucmol in relcuon With .the p\mhed PG-R, resulted in the formation of

resorcinol. Muth\lr (1071) also repnrted ,nl/.-nn]ngnted phenolic compoqnd which \

R (T e
v ©o " yielded inol by hydrolysis, s ing that dehydroxylation of hl lucinol
results in the formation of this :omponna. TR ) .

e T ™ Y




LN A

in the present study two intermediary compounds were detected and
isolated dnnng the metabolism of plxloroglucmﬂl by P. simplicissimum. The first
compound was ruomnol which \‘ls detecud in the cell-free crude extucu, but
the related enzyme was not demonstrated in the exlrt? Préseiice of resorcinol

hydmxylase was reported by Mathur (1971), which hydroxylated resorcinol at C—4

- position. to yield l,2,4-benzgnetml. The second intermediate was 1,2,4-

'benzenei;iol. from the cultural medium.  This compound is ‘proposed "to be the

substrate for the elenﬁge o( benzené nneleus Enlymlue, speetropho'.omelnc

and, chromntngrnphlc data gnve the evndence, ‘).U lﬂ&benzenelrml is the

posslble

for oxyge _w_hen ) | was bemg bolized by

‘the P. si

. ; 3 L - .
For the above discussion; the following pathway for thé degradation of
phloroglucinol by the P. s'lmglicisimtimis proposed (Fig. 4-1),
N,
: < .
4.2.2. Properties of GA-R and Metabolic Intermediates.

When the. cell-free extract of P. simplicissimum, yowii on gallic acid was *

studied for the decomposition of the substrate, the initial step o‘!‘nerved was the
: -

reduction of gallic acid in/ the presence of N'ADPH+H" pa hydrggen donor. The -

intermediates detected and iéolnud were 124—bennn=triol d maleylacetate.

. 1,2,4-benzenetriol was detected md uolated from theculture medmm Thu

.aecond compo\md rnnleylueme was detected by the help of, enzyme present in .

observed the fc jon of y 'nq an

in several

‘orcinol ds (Harris and ; lékgﬁ,

el
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Plgun 4-1: Proposed p-thwny for the decomposmon
Phloroglucinol hy P sxmghclsnmum
(5 . L
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et al., 1970 Chapmsn nnd Rlbbons, 1978) The degﬂdntmn of resnrcmol to
maleylacetate by a’ soil Pseudomonas was first r‘é‘;}ned by Larway’ and Evans
(1967). . They reported ‘that the extract did not reducg maleylacetate in t;:e
presence of NADH+H* or NADPH+H*. Chapman 4nd Ribbons (1676) studied

Pseudgmonas putida and reported that an extract of the organisin had the

‘, oo -
enzyme to reduce mnleylacetaze in the présence of NADH+H' or NADPH+H™.

*, Gaal -and Neujahr (1979) reported that Trichosporon cutaneum metsbohzed

phenol and resorcmol through ortho cleavage, resulting in ﬁ-ketosdlpate pathwny

. The cell free yeas: system of Tnchosmron cutaneum reduced maleylacetat \thh

* cither NADHAH*or NADPH+H+ ’ ¥ =
X h ic and £ ic studies of the product ';ecoveigd
ﬁlter the ti di i [t leyl: d )of leyl: sh:awed N
N - \ -~ v
that gallic acid is bolized com by the g-k Ppathway following

”;)r,tho type of cleavage. Product of meta-cleavage was not detected in the cell-free

extract of P. simplicissimum,” Ornston (1966a and b), Hosokawa (1970) and

Wheelis and Stanier, (1971) Proposed a scheme for the metabolization of shikimic - _

acid by Pseudomonas putida through the brotocatech;xic acid branch. Ornston

(1977¢ and .d) demonstrated ortho cleavage of protocatechuic acid -ending in
p-ketoadipate, Canovas and ‘Stanier (1967), and Canoves et-al. (1970) also

demonstmted a similar pathway for the metabolism of shikimic acid . by

Acmetobuter cnlcouc

Based on the ré\ulwobtnined from the present study, the fo.ll/oying pathway

of gallic acid metabolism by P. simplicissimum is proposed (Fig. 4-2).
i = .




Proposed pathway for:the decom,
by P. simplicissimum.

wi‘tion of ga_l

lic acid

P
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This pathway involves reductive decarboxylation of the substrate, puﬂﬂly
thmugh the trAnslbory -reduced dxhyarogalhc acid resulting i in an intermediate. for
the ring.cleavage where both onho and meta- oxygenases take part, but only the

product of ortho cleavage, maleylacetate, was detected and further metabolized

into A~k di which gives sub for Kreb's cycle. N
s 5 1
2
< -
-
. L
- &
<
T, ;
s
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CONCLUSIONS. |

P llium simplicissimum can utilize ph'lon_)glucinol and gallic acid es a

source of carbon and energy.

Physical and chemital co_ndil,ions tested showed that- Pt - simplicissimu.

metabolizes phloroglucinol and gallic acid at sbout 27° € at a pH of £ .

Concentrations of phloroglucinol and gxllic'ncid';_ higher than L5 and 0.2 % '

(W/v) respectively, are toxic to the organism.
The initial enzyme involved in th(\ metabolism of .phloroglucinol is PR .

which is reductive in nature and requires NADPH-+H? for its activity.’
o~ " %
Introduction of métal fons like, Fe***, Fe**, Cu*t+, Co**, Ca™* Mg*H,

. Na* and Zo** does not reduce or enhance PG-R activity.

Possible intermediates’ detected and isolated in phloroglucinol ‘metabolism
" are resorcinol, (produced in the cell-free- crude extract)- and 1,2?
* benzenetriol, (released inﬁ{he ciilture medjum).

The initial enzyme in gallic acid métabolism <is GA-R, which s also

NADi’H+H* dependent.




L : PR m' o~

viii. Equivalent amount )ol’ NADPH+H“ -are oxldlzed in_ the preseue of ”

phloroglucmcl nd gallic BCId b! fresh extracts ol P xmghcus:mum

L]

o N S e T §
ix.. Possible intermediates detected and isolated in gallic acid metabolism are,

L4 5 <

1,2 4-benzerNriol, which s released into the culture medium, maleylacetate,
- ‘which |s present in  the crude extract and ﬁ-kewadlpne which is

,metabollzed from mdeyluelate in the presence of NADP}(+?X+

)4' - %
N g
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