RA ACHARYA



'm‘ g g
en.:yme preparations. Tli’ Km values for PGR was 2 x 10* M and myleeuln
weiphi was found to be 155,000 daltons. The PGR and RH activities from BPG-8
‘reached & peak in sbout 18 hours. The pH optimum for the enzyme-activity was

found to be7.4. -

Freezing and thawing bad little or no effect on ‘the PGR and RH from «
= ' ¥ s o
BPG-8. When the cmde exuui stored at 4°C for two. dnys, 8 90% loss of the RH
activity resulted. lnereum( eonuntntlonn of glyceml to (15%) offred protectlon'

to the PGR and RH. | i

The spectral ehmges observed during chemical vedllchon of PG by sodium Q«

borohydride indicated the fe . or,l.r.. lucinol. ~ Evi s .

'presented’to show that enzymic reduction of PG in the presence of NADPH forms

a product with a similar ;

The data pmnled uust that BPG-8 lmy carry an enzyme complex \mh
lwo separate activities, n-mdy PGR and RH. N
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INTRODUCTION PR

Benzene ‘and related ds are ch ized by the p jion of a
large (negative) resonance ¢nergy. This results in thermodynamic stability which

manifests itself in chemical properties that are referred to ‘as aromaticity. N

St environment are produced by the pyrolysis of oxgmic maier“ The typés of

aromatic hydrocarbcns formed’ depend on the pyrolym temperature.’ At ]ngh N

. (2000°C) bstituted polyeyhc aromatic hydrocnrbonn are ‘the
ﬁrinciple products, Intermediate temperatures (400° - 800"0) lead to the

formation of alkyl-substituted molecules. In contrast, petroleim, which is formed

at Jow temperatures (80° - 150°C) contains polycyclic sromatic hydrocarbons.

Many synthetiq\ chemicals are added to our environment im the form of

@ * 5 . herbicides, pahcldes and industrial effluents. Many are denvntwe; of lmyene I

:uch icals prove i to they could

e
¥ R
nccumullte in the soil. Such ,an accumulation could -lead to serious ecological

in animal tissues, In, order to prevent such an occ'urr’en‘ce, it ‘is vital that we

understand how }ni;’roorgmismx degrade both natural and a’ynﬁnetic chemicals.

- % L .
g " . i - Degradation of Polyaromatics:

Polycytlic aromatic. hydrocarbidns are distributed _in soil and sedim‘ent.

\ . e . i : ’ :
iy s ; -

" The origin of gromatic hydrgearbons in the environment is a ‘subject of
ps A .

debate. It is gengrally accepted tlni most. o‘f these compounds found i;r the *
2 a ©

changes. Also, thgreisn ibility that e y these pounds will localize ’



Large amounts of petrol ‘products are hesized annually. (Simonarat,

1966). It is not inconceivable that these would find their way into soil and

sediments. The role of mi isms fn maintaining steady-state

of i Ithemicals is wep ised. The solar energy is converted to

chemical energy by the activities of photo-synthetic organisms. It is generally
accepted that afl biosynthetic products are subject to microbial degr’ndltjon.

’Ammatic hydfocarbons that contsin more than one ring are known -as .

hal b h

ete. 'Eu =

polyaromatic hydrocarbons e.g.

initial reaction -in the bacterial oxidation of these compounds involves the

of a dihydrodiol i i (Final, 1880; Dagley, 1985). Oxidation of* .
dibxdx-/odiols leads to the fa ion of catechols. ‘The key i diate’in the

degrndalioil of aromatic compounds is either catechol or Protocatechute (Fig. 1)

(Rogoff and Wender, 1957; CO“A et al.,, 1059; Evans et al., 1965; Klyohuu, 1977,

Gibson et al., 1971; Starovoxwv et al,, 1975; Kutagiri, 1968; Kuno and Almshl,
-

1981) Thue hydmxyhted compounds are subject to ring fission reactions.

.Phloroglucinol Degradation Occurence

<
|
Phloroglucinol (1,3,5-trihydroxyt ) occurs in paturg s a s:onsti}uent of -

several commonly found compounds suclﬁ as ﬂavunu, Anthocynmns and catechins
(Roblnwn T., 1062). Soll microorganisms release PG in the environment by the
decomposition of plant material. Certain séil microbes possm "the necessary

enzyme systems to utilize phloroglucinol'as a sole source of carbon and energy.

PG was first prepared by a synthetic process in the laboratory by Jorden
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FIGURE | METABOLISM OF- AROMATIC COMPOUNDS IN
PROKARYOTES GIBSON (1964)
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-+ (1897). The usual source of chemical synthesis involves the reduction of

- trini ic acid or trinitrob with tin and hydrochloric acid. The amine

formed is neutralized and boiled for 15-20 hours forming phloroglucinol. (Clark ’

,and Hartman, 1929). P
J PG is used in- the printing and textile dyeing industries; as a reagent for -
pentoses, aldehydes and lignins; in p ing sludge ion in sforme oil,

- .
in microscopy as an excellent decalcifier of bone suspension and clinically as an |
5 |

antimicrobial agent. == “ - \ e

\
)“’

. ' ‘ —

Thorton (1928), was able to isolate microorganisms from the soil capable of

Aerobic Metabolism of PG

. Wanger (1914) first reported the agrobic metabolism of PG by-bacteria

which were isolated from soil.

growing:in pure culture which utilize PG, resorcinol, cresol and resorcyclic acid as
sole. sources of carbon. Bernheim (1956) demonstrated an adaptive enzyme v
formed in a Mycobacterium species if the 'orgulnisms were preincubated with PG,

Nakagwa and Takeda (1062) showedthe oxidation of PG, orcinol, resorcinol, and

p-, m-, and o-cresols by Brevibgterigm fuscum,

Koathi

Vety few reports are available in the liter u ; sbout the ic pathway”
of PG by microorganisms. Robern (1085) first ‘studi-.ed the degradation of PG by &
Pseudomonas species Mac 451 and prdpoaed a pathway which was later shown to .

exist in this olgtn}ia'm by Hung (1967). **This pathway (Fig. 2) involves the“




FIGURE 2 THE FROPOSED'ME‘TABOLIC PATHWAY FOR THE
OXIDATION OF PG BY PSEUDOMONAS SP. MAC usi

HUNG  (1967)
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product and it was characterized by chin-layer chromatography and its serobic

~

reduction of. PG to dihydro-PG. According to this pathway PG is converted.

either into inol or_conj d phenol d )

of

‘These products are then d_into B-ketoadipate by ring-fission followed, by B

a hydroxylation. reaction. Jamieson et al. (1960),' obtained further evidence for
~the structure of the xednct_iph product (dihydro-PG) by mass spectrél analysis,
The product of ic reduction of PG was.

- metabolism. . w g

o~

Angerobic Metaboljsm of PG

_The breskdpv;m of PG is not icted to aerobic envi 1 “The
v‘microflors of the bovine rum;zn under anaerobic co,editions rapidly degrgde
bioflavonoids such as rutin, quercitrin and naringin. It was observed by Simpson,
.e_t 2l. (1969), that PG was detected as a transitory intermediate. -Hesperidin and
- naringin were"also rapidly degraded anaerobically. ) .'
\ ° .

. )A'n'nerobic degradation of rutin to yield PG and ott‘ner .phenolic compounds

e 4 . s
by Butyrivibrio sp. Cg was studied by Krishnamurty et al. [(1970). PG and 3,4

3 di}lydroxyphenylweﬁc’ncid are not further metabolized by this organism even in .

. the rumen micrqﬂ;:n by 'Tasi and Jones (iWﬂ), yieldes

the presence of succinate or other such carborf ‘sources.

Isolation of PG egrading bacteria from anaérobi enrichmert- cultures of

five strains identified as

Streptococeus bovis npd three as Coprococcus sp. Pe,a; Pels; Pellz. “This was

. \

pared to a chemically reduced .-




~a

: - )
the first report to describe the isolation of gram-positive cocci capable of

an atic sub bically. A detailed stl:dy on one of the

Cogrococcu stnuu, Coprococcm sp. Pe§, shqwed that the microorganism grew
on PG 2s a sole source of carbon and energy but !uled to grow on thmy-mne

other uomaua compounds.

Pnel et al. (1981), -.-xsinined the 1 steps in the anaerobic degradation o‘!

PG by Cogrococcus sp. Pe;5 (Fig. 3) The authors also showad the direct spectxal

evidence for the chemical and the" euzymlhc reductmn of PG to dlhydro—PG
Thecell-Iree extracts prepared from the blctegu gmwn on PG requlred NADPH
in the initial reaction. )
In the case of Coprococcus ap‘, Pe,5, the .optimum pH for maximum enzyme
~ 2

activity was 7.4 and the Km for PG.was 3.0 x 10°M. Although the organism was

8 strid be, the PGR ir'?m bically grown cells was insensitive to air.
- -~ N .

s
In the more recent past,\Bernhard et al (1082) qund 8 new stnctly

l~. bi pore forming, “sulfate-reducing bacteri Pelobn!er acxdxgnlhm

5 which ullllzed plhc lcld, pyrogallol, 2 4Mnhydroxybenzoic M:ld md PG Their

work complemented the findings of the earlier suthors. (Whittel, 1976; Patel et
al., 1981; Hang 1067; Mathur 1971).

Photometabolism of lshloroglneinol‘ . - # 7

The ﬁuﬂobie photometabolism ‘u‘l PG by Rhodopsaudomunu gelatinos:

has been reportod by Whmel (llﬂﬂ) Tha cell-free extracts ;Leplred from




FIGURE 3 INITIAL STEPS IN THE ANAEROBIC METABOLISM |
'OF PHLOROGLUCINOL BY COPROCOCCUS SP. ¢
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the bacterium required NADPH in the decomposition of PG and the first product

-

identified was dibydro PG.

Carigie et sl. (1065) have reported PG degradation by marine lgae.

Fungal-degradation of Phloroglucinol

"“Mathur (1951) studeid the utilization of PG in growing cell and resting :.'el.lv
(el;meqtntions "wilh Penicillium sp. ﬁu‘41 which w‘u‘ originally isolated .and
described by ‘l“to’bern (ll‘l‘ﬁ‘&). Mathur proposed the pathway illustrated in Fig. 4.
The authdrs ‘proposed’nnven'zyim c';impltx wl;ieh carried out the lnn‘sro’l;v‘mion'of
PG to resorcinol. ‘They postulated thli the product, resorcinol was held tightly
by the enzyme complex which carried two activities, namely phloroglucinol

ductase (PGR) and resorcinol by (RH). A bypothetial intermedi

1,2,4-triby was osedly the target of the ring fission enzyme

which formed intermediates of the TCA cycle.

Mathur (1071) also studied the physiological conditions necessary for
optimal production of the enzyme(s) involved in the degldition as well as the

and ch ization of the ¢ The PG and resorcinol

enzyme activities were postulated, to be closely related and to jrm a part of an
enzyme complex involved in the &egradntion of PG by Penicillium sp. Mac M-A'I‘.
Jhe cell free extracts prepared from fha fungus required NADP'H as an elecnon‘
donor for both PGR and RH activities. The optimum Phfor both‘en:yme
activities was pH 7.3. The Km values for PGi! and RH were 2 x 10°M and 1.43



FIGURE 4 PROPOSED PATHWAY FOR THE DEGRADATION OF
PHLOROGLUCINOL BY PENICILLIUM SP. MAC M-u47
MATHUR (1971)
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x 10°°M respectively. Attempts by the authors to detect any reaction product(s)

were unsuccessful.

Jayasankar et tt al. (1969) studied the hydrolysis of idzin and p in to .

PG and | phloretic acid by gergllu piger which were identified by

graphy and sp h MELEY: /

. i o /
Walker and Taylor (1983) have recently im]atedi: strain of Fusarium solani
from’ soil which has been found to" convert PG to pyrogallol which is further
metabolized vis the meta-fission pathway to yield pyruvate and acetate. They
proposed a few pathway different from those proposed by earlier workers (Fig. 5).

Resorcinol Metabolism TR o

‘
The metabolism of resorcinol has received 'very lilgle attention. .Chspm;ﬁ

and Ribbons (1976) showed st;me evidence that resorcinol is metabolized via the

J ﬁ-ketondipa:e pathway. They elucidated the meta and ortho pathways- of
resorcinol metabolism in a strain of Pseudomonas putida. The first intermediate

formed was hydroxyquinol which _\‘xnderg{)a both ortho and meta cleavage

with lI:e b for jon of both pyruvate'and maleylacetate. The

pyruvate formed is then channeled into the TCA cycle. Maleylacetate is réduced

to Aketoadipate by NADPH. Shailubbai et sl. (1063) found ‘a strain of

Aspergillus niger which d inol to hyd: ', inol, follwed by ortho
ring fission to form maleylacetate, which in turnﬂs converted to p-ketoadipate.

. '

/



"'FIGURE S7PROPOSED PATHWAY FOR CATABOLISM OF
7PHLOROGLUCINOL BY FUSARIUM SOLANI,”
WALKER AND TAYLOR (i383) =
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A similar pA!Ilway‘ for degradation of resorcinol in ’l‘ris’hmron eaun.eum
bas been proposed by Gall snd Nejabr (1979).

/ >
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N '
OBJECTIVES: The objectives of the present work were:
L. To isolate soil bacteria capsble of degrading PG s product of wood
d:compoamon =

2. Tod ine the optimal conditi for the d dati oH’G bys
selected bacterial strain. Blcillg sp. BPG-8 was chosen for this
purpose.

3. To examine the initial steps in the depuhlhn'ol PG by Bacillus sp.
G—S 2

4. To isolate and characterize the enzyme synmn involved in the lmusl
rmtlons of PG-metabolism.



& METHODS AND MATERIALS
Kl rekerioals swers of ytical grade and following acetic acid were

purchased from MSigma Chemical éompsny. (St. Louis, Mo.). P
Dimethylaminonbenzaldehyde (PDAB), glacial acetic acid ccppér suifate were

purchased from J.T. Baker Chemical Company (Phillipsburg, N.J.). Sephadex"

gels were hased fromPhafmacia Fine Chemicals (St. Louis, Mo.). The jon
exchangg c;_ronguography material, DEAE-Sephm;ex A-50-120 was i)roduc! of
Sigma Chemical Company, (St. Louis, Mo.).
Organisms, growth nnci maintenance

A gram positive rod was isolated from soil samples obtained from the South

Side Hills aresa of St. Juhn;s Harbour. This location has largg:atorage tanks owned
|

‘by oil companies and :the soil is contaminated with oil and petroleum

bydrocarbons. The organjsm was isolated using the soil enricllxgent technique.
o o ’ P
T!:e bacterium was grown in a mineral salt inedium,conta:in{ng 0.1%‘PG'M'
25°C for 18 hours. Cultures were maintsined on trypticase soy agar (TSA) :plntes
at §°C nndksubcultur\e& p’eriodica);y. :
Media preparation
' ’ |

A mineral-salts medium (MSM) was used to culture the organism.. The

' 3] : 4
stock feolutions were prepared as follows. 1 M potassium phosphate (Dibasic)
= ~ .

solution was added to a solution of potassium phosphnte'(monobuic) until the pH ,

was 5.5 The other stock solutions include magnesium sulphate (10 g/loo_ml),

{
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ammonium sulphate (50 g/100 ml) and yeast extract (YE, 1 g/100 ml). These

four stock sélutions were individually sterilized. The minefnl salt medium wag

' made s follows: To 800 ml of sterile distilled water were added stock solutions as

follows: 10 ml of magnesium sulphate 1 ml of yeast extract, 100 ml of potassium .

1

and 1 ml of Y ium'sulphate.

The pH was adjusted to 5.5.using 1 N Hydrochloric acid. To this medium

* PG was added aseptically to-give a ion, of 0.1%.
Bi ]

hemical Tests . . 4

oo 3
Characterization tests listed in Table 1 were perf&rmed for the identificatfon

of the organisms. A test for sporulation by the organism was carried. out, with

control tests simultaneously run on Bacillus subtilis and Pseudomonus sp. The

g i %
cultures were inoculated on TSA agar plates and incubated at 25°C for three

.daY5. The cells were suspended in normal saline and subjected to heating at 70°C
ina wntel:bnth for 10 minutes. Heated samples were streaked on TSA plates

which were incubated at 25;’6;" Only spore bearing organisms are expected to

grow under these itions so'this is idered 4 spore jon test.

Large Scale Growth : v v § W ey

Bacillus sp. BPG-8 was ér?wn on TSA plates with PG on the lid to induc;

¥ _’ ;h; !.:ells. After good growth wafobtained, the cells were inocnln.ed in to 500-ml
MSM medium containing 0.1 % PG. Th’e cultures were incubated ‘a 25°C and
agitated at 150 rpm. After 18 hours i‘ncubnpion, 100‘ n;ls of the c'e.]l suspension
was transferred into 'elch of 4 flasks containing 400 ml of the same medium. The

»
J
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flasks were incubated as before. At the; end of this incubation time, the c;lh were
harvested by centrifugation (10,000 rpm, 10 mins.). The pellet was then washed in
20 mM phosphate buffer. “The pellet was stored in ice or frozen at -4°C, until

required.

Preparation of Cell Free Extracts

“The pellet was ded in a 20 mM phosphate buffer ining 1 mM

EDTA, 1 W 2ME and ‘15% glycerol: This buffer is henceforth referred to as

hosphate buffer containing 15% glyceml A il ly 2 grams of wet packed

cells were suspended in about 3 ml of the buffer. The suspension was cooled in

_ice and sonicated for 3 minutes with inermittent gap of 30 secan‘ds, sample and

"probe cooled-in between (Braunsonic 2000, Canlab). *

The disrupted cell suspension wag centrifuged at 10,000 rpm for 10 minutes.
This supernatant formed the source of the 'crude enzyme

" Analytical Methods . .

* Protein was estimated by the method of Lowry et al. (1951) with bovine

serum albumin as” the standard.

PG was determined by the’m“ethod‘ o; Jayasankar and Bhat (1668). A X
standard curve was drawn ‘and uséd to determine the PG concentration in the
samples. -To 1 ml aliquots (10-50 mg protein/ml) were added 2 ml"%5% TCA and
2 ml 25% PDAB (in 00—100% glacial acetic nud) to estimate PG. The opuul

denul,y of the coloured solution was meulued at 534 nom.




All enzymes were assayed at rbom temperature using a Gilford

Spectrophotometer (Oberlin, Ohio, U.S.A.): The reaction mixture contained in a

total volume of 3 ml: 2.7 ml of phosphate buffer (pH 7.&], 0.05 ml NADPH (16
umoles/ml), 0.1 ml PG (10 pmoles/ml), 02 ml enzyme. The reaction is initiated
by the addition of the substrate PG L"l’he disappearance of NADPH ws monitored
on a Gilford Spc‘c!wphotometer (Oberlin, Ohio, US.A.) at 340 nm. From the
plots obtained zh'e initial velocity of the reaction was determined from the
tangents to these p]ots +One enzyme unit was defmed as the amount of enzyme i

that pmd\lc-*l umole of prodnct per min. |per ml under standard assay

Since the spe used had N single beam, the endogenous
° Ca s

activity was first measured without the substrate in the reaction mixture. Specific

activity was defined as enzyme units per mg of protein. All the assays were run

at room temperature.

‘Pfification of the El;zxme'

4) Ammonium Sulphate Fractionation

A satur;ted solutif)n of nn‘nmonium sul‘p‘hnle was prepared by the nddiliy‘; of
72 g of ;nzyme grade ammonium snlphn}e in 100 ml water gnd adjusted with 1 N
sodium chloride to pH 8. To the crude extract (25 ml) was added 10.8 ml of the
ammonium sulphate sntu‘rnt_ed solution to give‘al)% saturation, stirred-for 15
minutes and then centril‘uge:l at 8,000 rpm for"l‘l) min. To the supernatant
solution (35 ml), 14 ml of saturated .ammonium sulphate solution was added to

obtain 45% saturation. The mixture was stirred for 15 minutes followed by

centrifugation :ibefore. To the 47 ml of supernatant solution was added 20 ml of



. ammonium sulphate to give 80% saturation. Afteer equilibriating the suspension

for 10 min. it was centnluged The supernatant sollmon 67'ml was decanted and
50 ml of ammonium snlphnte was added to gwe 80% soluuon The supernatadt
obtained was discarded. The precipitated proteins in various fractions were

3! dissolved in minimum amounts of 20 mM phosphate buffer

containing 15% glycerol. These samples were then dialyzed against two liters of

* the same buffer évernixht. The. enz);me activities in these samples were tested

and recorded.

Concentration of Crude Extract by Ultra Fll!l‘!ﬁlﬁn

Crude extract. (15 ml) was filtered using a Diaflo ultra-filtration membrane
(YM 10); purchased from Amicon Corporation Compaﬁy, l‘)nnvels. The enzyme
extract 15 ml was concentrated to § ml. The enzyme activity was determined
before and"hfter concentration as describéd before. ‘

Gel Filt n_and Molecular Weight Determination £

3
Five’ grams of Sephadex G-150 was suspended in about 1 L of phosphate
buffer con,tnining 15% glycerol and allowed to swell for 48 hours at’ room

temperature,

\ §

The column (2.5 cm x 26 cm) was initially coated with photoflo and dried
for 2 houts at- 37"0: ‘The gel slurry was poured into the column by letting it slide
along the side to avojid bubble formation. The packed column was set up in a

cold room and equilibriated’ with buffer i ly 5 times the bed volume.

Fractions (about 3 ml) were collected ‘using an automatic fraction collector (LKB
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2070 Ultrorac I, Fisher Scientific Company). To vngply a sample, the excess

buffer on top wn; }unoved with 8 Pasteur pipette. Tiu column was standardized
P using proteins of known molecular weights. The standards were made at &

concentration of § mg/ml and 2 ml samples of standards were run :epnntely on

the column. The protein jon in the

was itored by
measuring absorbance at 280 nm. Also, enzyme activity in the fractions was

carried out as previously described. ’

The proteins and™their moleculu-r we|ght used for the calibration of the)
columi weu Cywehrome C (ll 700). Soybean trypsin (20,000), Ovalbumin
(44,000), Hemoglobm (84,000), Bovm serum ‘ albumin (68,000), ‘Alcohol
debydfogenaje (150,000), Catalase'(230,000). The Kav values of the samples were
determined using the following formula iGeI Filtration Theory and Practice,
-Pharm_scix Fine Chemicals). '

.

& s E

kav = Ve - Vo

elution volume
Vvt - Vo

bed volume
Vo = void volume

/ : .

P
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Ten grams liBAE-Sephadgx A 50 were, gently stirred into one liter of
deionized water, and nllowet‘i to swell for 24 hours. f'} room temperature. The
suspension was filtered through Whatman No. 4 filter baper using a vacubm
pump. The swolle‘n gel was rauspendea in0.5 l\.l hydrochloric acid and ;;ll?wed:
to ;tnnd for 10 mins. for equilibiation After 3 changes in deionized water the
exchanger was nsllspended in 0.5 N sodlum hydroxnde for 10 .mins. and ngsm s
followed by washing wnh delomzed we.ter three !lma The treated DEAE-

hadex was ded in a minit amount of deionized water follo\n_red by

Ny

~ . L i v P
adjustment of the. pH to 7 using 1 M potassium- phosphate. Finally the gel was -

_filtered and g ded in posphate buffer c aining 15%, glycerol and stored at

4°C. This mntennl was used for packing all columns required in the dll‘(erent

* purification experiments.

The column (2. 5 emx 9 cm),wss mma]ly cgated with photoflo ;and dried for

2 hours at 37°C. The column was mnunted on a stand and' ﬂlled with the
phosphate b}xlfer containing 15% glycerol, ‘The gel'slllrry was poured in along the

- side of the column rea;;voir to avoid any air l;uybbles The p‘uked‘célumn was set.
I‘l]l ina cnld room and washed with lppro!ﬁmtely 5:'times the ‘bed volume. To
apply a sample, the excess buffer above the colnmn material laa removed usmg a
Pasteur_pipette. Fractions (3 ml) were' collec‘ted using an automatic fraction
i collecto;xp; (LKB 2070 lﬂl;osnc o, Fisher Scientific Company). The protein
concentrations in the [ractions were m@ufurled at 280-om.” The enzymé utivit);

* was cpmp!_e'.,ely eluted from cfilumn ‘with' (0.02 M to 0.8 M) p‘gtassium phosphate
buffer (pH 7.4). Enzymg activities PGR and RH were melisnred'u described

previously. . . ' . o

o
i
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Batch Purification of PG-reductase

DEAE-Sephadex A-50 was prepared as before. To 30 ml of the crude
extract 5.4 g (wet weight) DEAE-Seph»ndex was added and stirred for 3.hours at
0-5°C in a cold room. The suspension was centrifuged and the .pellet was
resuspended in 0.8 M phosphate buffer (10 ml) containing 15% glycerol. To__
felease the bound proteins, the solution was stirred for one hour-and centrifuged.

The supernatant (9 m"l) was saved-for enzyme activity and pellet was once again

resuspended in 10 ml of 0.8 M phosphate buffer containing 15% glycerol. The
. - . —J s

* suspension was centrifuged as before. The supernatant solution (8 ml) was saved

and the pellet was resuspended in another 10 ml of 0.8 M phosphate buffer. After.

st;ming for an hour the suspension was centrifuged. The peflet o tained’ was
discarded and the supernatant solution (11 ml) was pooled together to {ive a-final

volume of 28 ml. The eﬁzyme activity in the pooled extract was determined using

the standard assay procedure.



Identification of Microorganisms
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RESULTS

Efectron and light microscopic examination of cells revealed non-flagellated

rods. The spore staining of very old cultures ghowed very few spores and these

were barely discernable under s light mi In the spore ion test

~ which was deseribed in the Methods and Materials Section o, (Biochemical tests) the

positive control nd the unknown grew" after heat treatment while the negative
control failed to grow which confirmed that the unknown was a sporeformer.
Table 1 shows the various characteristics that tentatively identify. the unknown

bacterium with the génuq Bacillus.

Several biochemical tests (Table 2) were carried out to identify unknown

isolates. These tests failed to clearly identify the bacterium to species level.”

BN i
Based on these observations and according to Bergey's manual of Determination

of Bacteriology (Eighth Edition, 1974) the ism was tentatively identified as

Bacillus sp. BPG-8.
Growth Requirements of BPG-8

The effect of pH, a and substrat ion on growth \'ire_rs

0 ~ .
studied by modifying the physical and chemical environment of MSM medium
containing PG. The aim of this experiment was to determine the optimal
conditions required for the growth of BPG-8 as well as the stability of the

substrate under these conditions.



Table 1

A

Characteristics of the Isolate
I Test s Isolate Bacillus s‘g‘.a‘ E. Colib
Motility - - +
Gram Stain ) + + -
Acid-Fast Stain - - -
S ' sporé Stain ’ + + -
~ 7%
oxygen
(Anaerobicar) Aerobic - ‘Aerobic - . Aerobic
¢ - . Facultative Facultativ
+ = positive . "
-= negétive E
. ,.
z a - positive control
b - ‘negative control :
oy
~ ~
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Table 2 Biochemical Tésts of Bacillds sp. BPG-8

Characteristic ____ BPG-8 : E. coli

'Colony Descriptions ‘Circular, raised, entire
off white, opague. L

Cell size Length 2 to 2.5 M
. , width 1.0, to 1:2 M )
Motility - . +
Temperatures: )
For Growth i [/ X
Maximum %Z,SC
Minimum 0°c
optimum S L v
NOy~ = NO, . / - g -
" Indole . - g
MR . - ! . =
vp - : -
Simmcn s ch:ra:e o -
OF Glucose Acid = -
oF . Acid ) -
Decomposition of 7 .
casein § . 7 - &
Gelatin + -
Growth in : v

v # TSB + 5% - NACL - -
TSB + 0.02% Azide = P - =k

TSB + 0.001% Lysozyme - % -
Growth on & '
Arabinose - - . N

B

Glucose
B Sabouarod dextrose
: ’ broth

MR . Methyl red fest :
-'VP ' Voges Proskayer - - ) o P i
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Growth of BPG-8 on PG

BPG-8 was grown on TSA plates with PG placed on the lid to induce the
enzyme systems. Good growth of the cells was obtained on the plates after 48
bours at 25°C. Gultures grown on TSA plates were used to inoculate 100 ml _
MSM medium containing 0.001% yea.st ex_tm:l and 0.1% PG. Dark Brown
Erlenmeyer fflasks (250 ml) were used to prevent pholocher;xiul decomposition of
the substrate, PG. The cultures were incubated at 25°C and agitated at 150 rpm.
After 18 hours, 10 ml .of; the inoculum was inocu’ln‘led into 1‘0 ml of fresh MSM.
The ﬂ%-were incubated as before. The growth v;as measured M’ly'by
determining the turbidity at 800 nm in a spectrophotometer. The samples were
withdrawn at one hour intervals.

Figure 8 ilihstrntu the growth cycle of the organism at 25°C in MSM
medium containing 0.1% PG. The stationagy phase was reached in sb;ul 4 to
16 ho‘um This experiment was used to obtain rough ides about the time of
incubation needed for large scale growth o‘f BPG-8 under similar conditions._

Phloroglucinol Utilization by Resting Cells of Bacillus
sp. BPG-8 .

Two ffasks conuini'ng 500 ml MSM medium were inotulated with cells

* grown on plates containing PG. They were incubated for 18 hours at 25°C as

before. They were harvested by centrifugation, washed three times with sterile 20

mM phosphate buffer ining 1 mM ethylenediami ic acid (EDTA),

and I mM 2-Mercaptoethanol (2ME) pH 7.4. This buffer is henceforth referred to




27

Figure 8 - Growth of Bacillus sp. BPG-8 on PG

Erlenmeyer flasks (250 ml), containing 70 ml MSM with 0.1% PG and
0.001% Y.E. (p\H 5.5) were inoculated with 10 ml of freshly grown (18 hrs old)
cells and incubated at 25°C ’on a shaker (Psychrotherm, ‘New Brunswick) and
agitated 150 rpm. Samples (1ml) vi;ere withdrawn, at one l.mur intervals and

’ growth ’measured by optical density readings measured ¥ in' a Gilford

Spectrophotometer. Flask without PG showed no growth.



GROWTH (0.D. AT 600NM)

0.8

o
@
L

e
>
1

I

o
N
N

28

T T
10 - - 15

T
20

TIME (HOURS) -

T 25



-t
v - 29 s . N
as phosgﬁate buffer. The washed cells were resuspended in 5 ml of the same
buffer. Flasks containing 120 ml fresh MSM medium were inoculated with the 5
ml washed cell suspension. The suspension gave an optical density reading of 0.6

8t Goéinm (132'mg wul protein per flask). The flask was incubated at 25°C at

150 rpm ina psychrotherm und 1ml alxhuou were removed at hourly intevals.

The cells were removed by ifugall }nd the was fetained and
used.for estimating PG 4 g to the method of Jayasankar and
Bbat (1965). . )

. . % .
s .

The rate of PG utilization was studied using this resting cell suspension.

The results of the PG concentration analysis in the medium and the time

sequence revéilgd that the substrate was utilized without any lag (Figure 7). The.

" complete dmppeannce of 0.1% PG required 5 hours!

Growth o{ BPG-8 on Vanous Aromatic Subsirates ’ B "\

34 Bi;cmus' sp. BPG-8 was grown on TSA plates. Duplicate flasks each

' containing 40 ml NPM medium were inoculated with 1 ml cell suspensions

prepared from the growth on plates and various aromatie substrates were added

to the flasks. The ﬂlsks«were: bated and change in absorb: at 800 nm was

noted. Control flasks without added cells were also sef up to determine chemical
" . - R

_changes. The" flasks were iﬁ{uhnted at 25°C with shaking at 150 rpm. The

. concentrations of the substrates used was 0.1%.

. )

Table 3 shows results from an experiment to determine if Bacillus sp. BPG-8

.0 . .
could grow on- other aromatic substrates other than PG. It is clear that BPG-8

does have the sbility'w grow on these substrates.



Table 3 Growth on Various Aromatic Substrates

d$ubs:§ate ; Growth

Phloroglucinol . N *

Resorcinol S =

. 5 . . & ’
catechol . . - o - )

Phenol . ' L L

Pyrogallol ) g ; . ’ + . e g
Orcinol s 4 +

Gallic Acid, Co-
1,,2, 4 Benzenetriol N « -
2, 4 - Dihydroxy je.nzoic Acid & =
\2, 5 - Dit'\ydrqxg Benzoic Acid , - .
2, 6~ I‘)ihydmxy Benzoic Acid ‘-

\, .
The cultures were gr:mn as described in Materials

and . The ‘rations used were

0.1%.

P
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Figure 7 - Phloroglucinol Utilization by Resting Cells Suspensions

Erle flask (250 ml) ining 120 ml MSM with 0.001% Y.E. 0.1%

PG (pH 5.5) were inoculsted with 5 ml washed cell suspension. This flask
’ containing, 125 ml cell suspension’(5.3 mg/ml protein) were incubated at 25°C on
n—sidef agitated at 150 rpm. Samples (i ml) were withdrawn at one hour
inlervnl’md centrifuged (1000 rpm, 10 mins). The clear supernatant solution was
—used to determine the residual PG using the method of Jayasankar and Bhat

(1988)."
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FIGURE 7

W6 (o /rasi)




(Masterline Forma Scientific Company) was used.

33

Effect of Substrate Concentration on the Growth of BPG-8 \

- The uptimnl PG ion was di ined by inoculating 1 ml cell

suspensmns into flasks conlnnmg MSM (pH 55) with 0001% YE. PG

concentrations in the flasks vsned between 00 to 0.4%. For each concentration

of PG, duplicate flasks were inoculated and incubated at 25°C in a Psych 'm,

g .- A
with shaking at 150 rpm. ‘The organism’s growth was determined by measuring

turbidify at 600 nm in s Spectrophotometer.

The optimal sub} o ion was d ined to be 0.1% as seen in
Figure 8. PG concentrations in excess of 1% appear to be inhibitory to the
growth. This is not surprising siice PG has been known to be antibacterial agent.

Optimal Temperature for the Growth of Bacillus sp. BPG-8 " -

The incubation temperatures ranged from 0° to 40°C. For this experiment

cells were induced on TSA plates with PG on the lid. Cell suspensions were

prepared from these induced cells in a normal saline solution. Duplicate ﬂnsksb
E . “

» 5
containing 40 ml MSM medium with 0.1% PG and 0,001% YE (pH 5.5) were
moculnttd with 1 ml of tl\e cell’ mspensmn The flasks were mcubnted at various

tempernturu for 18 hours and the growth was recorded by measuring “the

tnrbidily (absorbance st 800 nm). The flasks were incubated in_ s Du\)enof{

metabolic shaking incubator (GCA /Precision Sc:ien_tin'c] at 10° to 40 °C at 40

rpm. For 0° and 5°C temperatures, a refrigerated circulating water bath,

fne
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Figure 8 - Effect of Substrate Concentration on the Growth of BPG-8

"; er flasks (250 ml) ined 40 ml MSM with 0.001% YE (pH 5.5 ).

A - :
The concentration of PG varied from 0 - 0.4%. The flasks were inoculated with 1

-~ 5
ml suspension of freshly grown cells and incubated at 25°C in a shaker
(Psychrotherm) agitated at 150 rpm: The growth in each flask was determined'

by optical écn;ity method after 18 hours. *

s
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The optimal temperature for growth was found to be 25°C-.while the
maximum was 3/°C. ‘The minimal temperature ws 20°C as shown in Figure 9. -
)
This means that the growth in soils in Newfoundland is expected to slow due:to
V& .
relatively low temperatures in this region. * .

Optimal pH for Growth

-« Repligate Erl MNasks ining 40 ml MSM with 0.1% PG were used
for this experiment. The pH of the medium in tpi flasks varied between 5 and 8.

For pH adj either 1 N L,; hloric acid or 1 N-sodium hydrqxiée was

employed. The flasks were inotulated with 1 ml MSM bacterial suspension
prepared from freshly grown ce!_ls on TSA plates. The flasks were incubated at
25°C in a psychrotherm and agitated at 150 rpm. The growth was measured

spectrophotometrically by absorption' at.600 nm at 24 and 48 hours.

Figure 10 shows that the optimal pH for the grth is 5.5. Brown! e
-

medium was observed at pH 8.5 to 80" inJicating the breakdown of PG into
quinoes unri their polymers.

Purification of phloroglucinol reductase . (@
Ammonium Sulfate Fractionation of the Crude Extract ot

Table 4 shows the rsul!s.k;f gmmonilﬁn(sulme fractionation of curde
extract solution. « As is evid;nt from the :tlble, the PGR activity precipitated”
between 65% and 80%‘Ammaninm sulphate. However the ammonium ;ullue
appeared to inhibit the enzyme uti\‘rity’. About 87% of PGR and 93% of RH
2

activity was lost during ammonium sulfatestreatment.




. : " - )
Figure 0 - The Effect of Temperature of Incubation on the Growth of
'
BPG-8

Erienmeyer flasks (250 ml) contsined 40 ml MSM with 0.1% PG and
0.001% YE*(pH 55). They were inoculated‘ with'1 ml cell suspension (in
physiological saline) and incubated .at various temperatures indicated. For
10-40°C temiperature range !shaker. Witer-baths were used 'and for 0° and S:C
temperltufu, 8 n;higersled chu‘ting water bath was\u\s\ed. The grgw:h was,
g ¥ . determined l_>yv menéuring the optical density at 600 nm using a

Spectrophotometer after 18 hrs. ¢
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~" Figure 10- Effect of pH on the Growth of BPG-8

Erlenmeyer flasks (250 ml) contsined 40 ml MSM with 01% PG and

0001% Y.E. The pH of the medmm in uch MNask was adjusted to a given value

using either 1 N HCl or 1 N NaOH. The flasks were inoculsted with 1 ml
rd suspension- of freshly . grown cells . and V incubated :; ‘25°C in a shaker
(Psychrotherm, New Brunswuck) adm sgitated at 150 rpn,. The growth in ucll
ﬂl&k was Jetermined by measuring the opucnl density 10/000 om using a Gilford

i Spectmphobomnler after about 18 hours =% o &
of e

-
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Table 4 - Ammonium Sulfate Fractionation of the Crude Extract

< : o = . . e \
Ammonium ) pPG-reductase R-hﬂ:o;xlue o
Sulphate Volume Protein Total Specific § Total Specific %
Fraction {ml) {mg Units Activity Recovery Units Activity Recovery
Crude ; . =
Extract 25 120 3.3 Y.03 100 0.91 0.01 + 100
: 308 - 13T 2 0.0 0.0 0.0 0.0 0.0 0.0
© s0% .4 3.2 0.03 ‘DAUI 3 .0.0 0.0 0.0
\ N
65% 2.2 16.5 0.24 0.01 7.1 0.03 0.0 3.3
3 80% 2.1 . 14.9 0.15 0.01 4.6 0.03 0.0 7 3.3 . ~
. i . . :
. ) Y

Enzywe unit is defined as the amount of extract required to medixce 1 Umole
of product per min. per ml. Specific activity il'dﬂf’.n.ﬂ ag a number of enzyme
units per mg protein.

EOT \.
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Enzyme C: ion by Ultra Filtration
4 A
J

‘The results obtained after ultra filtrtion through amicon ﬁll‘er showed that
PGR _activity was increased threefold and RH activity was increased fout J61d
after the reduction of the volume from 15 ml to 5 inl.  The results are

summarized,in Table 5.

Gel Pdltration on Sephadex G-150 Column and Molecular

anhl. Determination

Fiéure 1! shows the protein profile -aud,the‘ distrihuu}lon of the enzyme
detivities in different fraftions obtained ¢n a Sephadex G-150 column as described
earlier. Two large protein peaks were observable. The PGR and Rl: :c/tivitis
ai)peared ‘in the same fnﬁ.ion?.\\ﬂowevu the Peak-tubes for these eniyme
activities were different. Tablg 8 summarizes the results obtained. 7

The molecular weight of the PGR was deterrnined-by gel filtration on a

callbrate@hadex G-150 column. Several protems of known mnlecular weights

" were used to obtain a standard plot (Figure 12). The moleculn welghv of PGR ~

was found to be ,155,000 by this method, . * ’

Column Chromatography on a DBAE-S? hadex Colum

N

(o
Figure 13 shows the pmtem profile snd the enzyme activities obtained on a

' *DEAE Seyhndex A-50 Column as des{nbed earhef ‘The PGR activity nppeued

in two lnrge pedks.” In contrast no RH acfivity was associated in these eluted

peaks.. Table 7 summarizes the results obtsined. @
Batch Purification ol"GR

=~
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{/tab.le 5 - The Concentration of Crude Extract by UIltrafiltration

Treatment volumc Total _rs_:_eg.cﬁ— _I_R-_h.!.d.!_g?é!_‘ﬂ_._
rotein' Total Specific, Recovery Total Specific Recovery
! Thgy Units Activity | (%) itS - Acrdviry (%)
crude . § X v s \
Extract * 15 m1 90 0136 d.00 3% 0.18 0.00 25%
Membrane -
Filtration . 5 ml 39 0.36 0.01 100% 0.24 0.01 100%
.
.l # ¥ g <
Crude extract (15 ml), was concentrated to (5 ml) usinq 10 pp Amicon )
tntnr. B lnd y ,usa activxty was detemtned u
described in mgaruh and Helhuds. - r
. e A ; ¥
— ’ > r
’ \ .
7 B <
. ¢
4 \ & 1 .
]
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Figure 11 - Gel Filtration on a Sepbadex G-150 Column
N Al

. v
A congéntrated sample (55 mg of protein) was W].ied on s columa (2.5 em
x 28 em)/contunmg Seplnde: G-150. The column was wnhed with 20 M
phosphate buffer conmnu:( 15% glycerol (pH 7.4). The proum eoncenlnhon in

the fracfions was i ically a¥280 om. The PG-

reduetase (12 mg) and R-hydroxylase (9 mg) activity in the fractions were

d ined as described in the ials and Methods.
(A-A) Protein 5o
(@ , enzyme units/ml -

(m-W) RH, enzyme units/m}
- H

Fe

»
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Table 6 - Purification of PG-reductasé on Sephadex G-150 Columns

Total* Total snnl SP % Puufisation
. 4 its Activit Recovery  Fold
Volume  Protein —hifS _L; g
¢ Steps (ml) ° (mg)  PGR® RH® PGR® RH® PGR® RH®  PGR®. RHD
Crude <
Extract 16 96 1.34 0.96 0. 0.01 100 100 - . ¢ 1
i
Ultra
Filtration 7 55 2.52 1.68 0.05 0.03 188 175 2.5 3
Sephadex 3 X
G-150 14 10° 0.3 0.12 0.03 0.02 22 13 1.5 2
PGR® = Phloroglucinol reductase. .
Rﬂb = Resorcinol hydroxylase. ‘S
]l
\ ¢ .
\
. z
-~
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Figure 12 - Standard Plot for Molecular Weight Determination Using-
»

Sephadex G-150 Column "

- A co\l:mn ("Ls e‘m ¥ 2 cm) puke:i with Sephadex G-150 was used for
molecular weight determination. The standard proteins used for the calibration
_of the column were Cyt‘ochrox’nec (11,700), Soybean trypsin (20,100), Ovalbumin .
(45,000), Hemoglobin (84,000), Bovix‘le lerun;. albumin  (68,000), Alcohol

dehydrogenase (150,000) and c-uhuv(;ao’o). * Linear regrus'm; analysis was

performed to ‘:l?!lin the ‘ploc.- ’
A= C}lochrome (o] o \ B
B = Soybean trypsin E > .
C = Ovalbumin
D = Hemoglobin . ~
E = Bovin serum albumin '
F = Alcohol dehydrogenase .
G = Catalase . : ® !
‘
- R ¥
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Figure 13 - Column Chromatography on a DEAE-Sphadex A-50 Column
;
A DEAE-Sephadex A-50 column (2.5 cm x 9 cm) was washed with 20 mM
phosphate buffer containing 15% glycerol (pH 5.5). A crude extract (183 mg) was

xpplled on a column. The column was washed with 20 mM phosph-te buffer

containing 15% glycerol pH (7.4). The protein concentration in the fractions was

i d sp P ricall at 280 nm. The enzyme ncliviz'y' was
- ) v
/  completely eluted from the column with (0.02 M to 0.8 M) potagsium phosphate:
) ’ i .
buffer coizhini!lg 15% glycerol pH (7.4). The PG-reductase activity in the
fractions was d ined as described in the Materials and Methods.
A& - Protn . *
. .— PGR, enzyme units/ml : -
. s
¢ g
r
s -~ v
-
b
) ~
s
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Table 7 - Purification of PG on DEAEgs A-50 Column . ,'\‘

' Totals ® .. sp %, Purification|

Tatal ,T?"]' Units Activity Recovery Fold :

. Volume. -Piotein =—==——p s a n
Steps (ml) _mg)  por® mu® pcr® me® por® me®  por? . muP
Crude . ) s b
Extract 34 163 18.5 4.5 0.1 0.1 100 100 } b i
DEAE ¢ o . '
Sephadex ¢ o r W
Column * 3 P
K. I 31 19/ 1.1 . 0  0.05 0 6 [ 247 0

PK. II 95 67 4.6 0 0.06 0 23 0 2.0 o

Enzyme unit is defined as the amount of extract required to produce 1 Umole ot'/product
per min. per ml. -

Specific activity is defined as a number of enzyme units per mg protein.
s 7

PGR® = phloroglucinol reductase. .
o
RHb = resorcinol hyd'foxylase .
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Attempts were made to separate the PGR and RH actf¥ity by batch

purification using DEAE-Sephadex A-50 anion exchanger. The bound protein was

eluted’ with 0.8 M phosphate buffer (pil 74) as ﬂ&ribed in Materials and -

Methods.  ® *

Table 8 summarizes the r&uﬁ obtained. “About so% of the PGR activity

was b"und w the ion uchsngers -nd was recoverable by elution with the hlgher .

conuntntmn of the phosphlu ‘buffer, ln contrast no RH activity was associated

. in this eluted fraction. . . . .

Progerties‘ of PG-reductase and.R-hydroxylase b

Effect of enzyme and substrate concentrniug‘

Varying concentrations. of ‘the crude enzyme were. tested to determine the

rate of PGR using the standard assay system.

Figure 14 depicts the effect of increasing volume of extract on the PGR
activity. The PGR activity ‘increased with increuln‘olnme of crude extract up

to 1 ml per assay mixture. - Further il-:crelsa in tIsL amount of crude extract did

not increase the PGR ulmty The linear portion of the plot was used to

détermine the i entrati of the extract to be’ lued in the

subsequent experiment. .
y . .

Keeping the other conditions commn. PGR utlvnty was determmed at

_various concentrations of the substrate, PG. The Km was” dalermmed by

Lineweaver Burke plot and straight line was obtained by regression nhslyuh,
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. Table 8 - Batch Purification of PG-reductase . | -
[ i} ) LN
Total PG-reductase R-hydroxylase 7
) - Protein - Total SpecI'fIc Recovery Total Specific Recovery /
Ste Volume Units Activit % Units * Activit % i
Crude = 4 . L
Extract 30 ml 108 1.98 0.018 100 0.72 0.01 100
Unbound . X .
T~Activity- 24 ml 10-.08 . 0.06 0.01 3.0 0 ] o
L
& Bound ™ .
. Activity X 24 m1 | 25.3 |, .01 0.04 51 0 0 0‘
by . : »
For details see Materials and Methods.
3 R \ . G
w \
~
1 "
- |
§ t
| . ‘
. .
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Figure 14 - Effect of Enzyme Concentation on the PG-reductase Activity

The reactjon mixture in a total volume of 3.0 contained reduced NADP*(0.5
pmole), PG(1 pmole) and varying concentrations of enzyme: as indicated. The

oxidation of reduced NADP* was monitored at 340 om using a Gilford

Spectrophotometer. The reaction was initiated by adding PG to the reaction
mixture. The reaction was usually allowdd to run between 3-10 min. Initial
velocity of the reaction was determined by drawing tangents to the lines obtained.
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The effect of PG} concentrations on the rate of NADPH oxidation is shown -

in Figure 15 from the Lineweaver-Burk Plot (1934). The Km for PG was

calculated to be 2 x 107*M. Substrate inhibition was observed at concentration
higher than 4 x 103 M PG. o

Effeci of metal fons, [nCLKCI . s
! ™~ .

» Ay
The followmg metal salts were used, for this erpenment Zine sull’nle. nickel

sulfate, l‘errous chloride, I‘errous sulfate, m:gnnneu chloride, mlgnesmm sulfate,
calcium chloride md ferrous ammonium sulphate. anyrne samples (l ml) wgre
incubated separately with different metal ions (3 pmoles/ml cone.) at 0"C for 10
minutes. . &o determine the PGR activity, 0.2 ml aliquots of the exlru! which

were mcubated with melnl ions were used in the standard gazyme assay. An

7

enzyme sample without added meltal ions was used as a gontrol.

7 3
o e ~ 5
. [ :
The effect of various metal iots on PGR activities is shown in\\lf:mfi::(
: X
sulphate, ferrous chloride,- manganese chloride, cdicium chloride an -

ammonium sulphate inhibited more than 1Q'% of the PGR -clivit; st a

" concentration af .’i #M. Nickel sulfate and magnesium sulhle had a shghlly lower -

mbnhnory eﬂect on PGR u:uvny C-Iclum chloride was fourd to be a po'.ent

“inhibitor and the inhibition was nbou'. 95% of the ongmnl activity of PGR.

@

i . o E TE LA 0
Freshly prepared crude extract of BPG-8 grown on PG was teste ]or) the'

PGR and RH activitfes in the presence and absMee of .varying concentntionsﬂél

sodium chloride and ium_chloride. E assay iti were used,

except for the presence of the salts added to the reaction mixtures. ~
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Figure 15 - Double Reciprocal Plots Showing the Effect of Substrate (PG

Concentration on the Reaction Rate *
. o PaS L. ~

Reaction mixture (3 ml) contained 2.7 ml of 0.1 M phosphate buffer (pH
)y ' 3 5 -
74), 0.0.‘)\ ml .NADPH (10 umgles/ml), 0.2 ml enzyme {5 mg/ml) and

phidkoglucinol l;s"indiclled‘ The oxidation of NADPH was monitored at 340 nm.
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Table 9 _- ’l'he Effect of Metal Ions on the PG-reductase

Activity
. ——
Additions S 5
None N . 100
2inc sulphate 70
Nickel sulphate 55 =
Ferious chioride 78
Ferrous sulphate 66
Manganese chlofide 78 % =
Magnesium sul\hu 55 _
Calcium ;hlcxfide 95
Ferrous ammonium sulphate 78
-

The crude dialysed enzyme (1 ml) and metal ions

(&) muolau) were incubated in 1:0 (0- 4'CQ for 10 minutes,

.and then ' for PG

thy standard assay.

ng to

The PG-reductaseactiVity in the
absence of gdded metal ion was- snkgp as 100%. r
. [



b Tab!e 10 shows the effect of varying concentrations of sodium chloride on
PGR and*RH activites. ~The PGR activity decreased with increasing
concentration of sodium c!\loride (between 50 - 400 pmoles per 3 ml assay
mixture). The inhibition ranged between 12%and 87 percent. - There was a Topid
loss of RH. For example, only 25% of RH adtivity was retained at 50 »
moles/assay.  With further increasés in c'o;lceuzruzion. no RH activity was

observed.

Table 11 shows the effect of i ing ions of ium chloride

(50 to 400 umoles/assay) on PGR and-RH activities. The loss of PGR acticity

increased with increasing concéntration of potassium chloride.” The loss of RH

was more dramatic. For example unly\ll percent of the original activity =
5 )

remsined in the presence of 50 smoles of potassium chloride with further increases ~

i ol b ebloride ions complete disapp of RH activit,
observed. N
Effect of different buffers . ‘ /

-

Crud? exjfact prepared from l‘mhly grown cells was divided into 8 nhquou

Each was then Jdialysed agamst different buffers for 3.5 hours. “The humr

isted of 20 mM i hosph alone or with one of the !ollowmg

dithiothreitol, (OTT 1 mM), 2 me benol (5 mM), Lbnylmethyl sulfonyl
fluoride (PMSF 1 mM), Cystein HCl and 15% glycerol. After dislysis, the
extracts were stored 84 0-4°C on icé and samples were wlthduwn at 0, 20 and 42
hourk mterv:h to determine the ruldnnl Actmty

s -
~

+

L]
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Table 10 Effects of Sodium Chloride on the PGR and RH
Activities

oxylase
ml % Activit

\
!
Control __ 0.530 100 -~ 0.192 L0 0
'
' 50 0.480 89 0.448 25
100 . 0.300 56 0.036. 18 .
200 , 0.14d 27 [ 0
( ) iz
400 \ 0.072 13 ) 0
d .
and frd se activity were

determined as described in Materials and Methods in the
~ . - .
of i i ions of sodium chloride, ranging
.

from 50°- 400 Umoles/3” ml, assay mixture.

. \
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] .
Table 1l Effects of KC1 Concentrations ;;n the PG-reductase
.and the R-hydroxylase Activities

Potassium

Chloride PG-reductase .’ R-hydroxylase =
,qnules,assny E:ius/ml _Actl.v;ty % E.u/ml Activity §
L4 $ L)
Control - 0.576 100 0.228 Y loo
- B
30 . 0.312 *89 0.024 11 : -
100 0.156 27 0.012 s X
200\ " 0.048 8 0 o
3 # . s
400 b4 0 0 0 " 0
- 4 . -~
- 3 - .
. .
' i L4
PG-reductasé and R~hydroxyla‘sa~ac:lvxt‘1es were .
5 = : &
determined as described:in Materials and Methods 1in the
TS
preserce of increasing ions of ium chloride, ranging
-
v %
from 50 to 400 umoles/assay. = % \
'
A Sy o @ ¥
- .
- &, e O
- . 2 -~
L}
7 -~
~ “ ‘
" .
. ® % .

&= =57 "
- e
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’

The effects of different buffers on the PGR activities are presented in Table '

12. The loss of PGR sctivicy/’wu much more when fresh extract was di’ulysed

separately in buffers contnini{:; DTT (1 mM), PMSF (1 mM) and ?2ME (5 mM).

>

% : /

Only 17% of the original activity was retained after 20 hours_of dialysis. Also\
- Ca

inhibition of 67% PGR activity was detected in the presence of cycsteine-HCI (1
). Alter dialysis and storage for 42 hours in 15% glycerol buffer PGR activity

was found to be stable (68.7%).

: / s
Inhibjtion of PGR activity was detected. after 42.hours storage in all other
buffers as indicated in Table 12.

The Eﬂ'ect of Sodium Phosghate bnlfer on the }GR and RH

Acil 3

- '
Sodium phosphate (20mM) buffers with pH range between 5.7 and s,yv‘ere
prepared. Freshly prepared ‘erude extract was divided into 5 ml portions and
= 5
dialysed separatedly against buffers adjusted to different pH's for 16 hours. The

dialysed samples were kept on ice and the PGR and E_l;_l activities :were

determined. ‘ ¢

In order to determine the effect of sodium phosphate buffer (pH 5.7 to 8) on
& the stability of PGR and RH activities the !resh crude extract prepared in a 20
mM phosphate buffer containing 15% glyceml was dulyued in various buffers
v '\ﬁjuated to different pH for 16 hours at 4°C. The loss of PGR activity was
obler-;cd in buffers between pH —5.1 to 74 wbile{ between pH 7.6 to 8 the enzyme
activity retained was calculated to be 50% of the original.- Table 13. lnlibition‘

of RH activity was detected in bnAﬂ'grs with pH 57t08.




s p 3
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Table 12 - Bff L of Di on the Stability of the PG-reductase g
\ . L > = .
v . M:tl.v;,j"x after Egg;xlis
. v Hours © Residual 20 Hours Residual 42 Hours & Residual ship
3 Buffers E.u/ml ' Activit E.u/ml __ Activit E.u/ml L
: - .
; 20
Potassium
v Phosphate © 0.012 17 0 0 o “o0
. . % . : ;
+ pfr 0.012 17 - 0~ 0 0 0
. . . . ™~ .
.+ emMsE 0012 17 0 0 o 0 1
. + 2ME 0.012 17 oo 0 0 o\
s 8 + 15% Glycerol 0.048 66.7 0.048 66.7 0.048 .66.7°
. +cys.HCl 0.024 33.3 o o o o
5 . . .
" _ A freshly prepared crude extract containing PG-reductase activity (0.072 E.U./nl)vas dfalysed
in various buffers indicated above and stored on ice at 0, 20 and 42’hrs. Samples were removed and
the residual PGR activity was determined using the standard assay method.
’ . ’
o %
: .
/ : L
& ;
N e
¢ ) 7 Sl . -
. . -
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Table 13 The Effect of Sodium Phosphate Buffer on PG-reductase
and R-hydroxylase Activities

~ ¥
PG-reductase o/o ’K-hydroxylase o/o
kl E.u/ml Recovery E.u/ml Recovery
*
Control 0.036 100 .0.012 100:
5.7 \_ 0 . 0 ) 0 - o
6.0 - i 0 0 0 0 -
.3 0 0 T 0
.0 T 0 "o o 7
i B - o
4 0 0 0 0
.6 0.018 50 0 o
.0 0.018 30 ) 0

Freshly prepared crude extrac‘:‘t in 20 mM KH,PO, (pH 7.4)
containing 1 mM EDTA, 1 mM2ME and 15% glycerol was dialyzed V
" for 16 hours against 20 mM sodium phosphate buffers adjusted
to 5.7 to' 8 ar;d also containing EDTA, 2 ME and 15% glycero.
as abaye. - =

J .

.
- 5.

The control sample represents extracts in the potassium

phosphate buff er.. /
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\ The Effect of Potassium Phosphate buffer_on the PGR and
Rl ieg -

Potassium phosphate (20 mM to 0.8 mM) contsining 1 mM EDTA, 1 mM
2ME and 15% glyserol (V/V) was prepared. Freshly prepared crude exlr‘act was
divided gnto 3 ml portion; and dislysed separately against phosphate buffers
ad‘justed to different molarities for 20 hours. The dialysed n‘mplu were then
kept on ice and the PdR and RH activities were deter[‘ninedA

. The effects of vn.rymg the ions of i hosphate on PGR

. and RH Actlvl'.les are presemed in Tnble 14 Thu acuvlty was found to be stable

over a concentrauon range between 0.4 M to 08 potasssium phosphate bul’!er

The loss a! PGR and RH activity was much more at lower concentrations (0.02 M

t0 0.3 M) and only 66 percent of PGR and 40 percent of the original activity was

retained after dialysis at these low ions of buffer.
The Effect of lmldnzole bnﬂer on the PGR and RH
Activities

-~

Tmidazole (0.025 M) containing I mM EDTA, 1| mM 2}@ and ls%k glycerol
(V/V) was ndjumd to pH (7 4) using 0.1N HCI. Freshly prepared crude extract
was dialysed against the |mldazole buffer for 10 hours. The PGR and RH activity

was determined.

Table 15 shows the effect of an imidazole buffer (PH 7.4) on enzyme
activity. Only 4.5 percent of the activity of PGR was retained after dialysis at

4°C for 10 hours, The RH was undetectable in the same extract. "
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b Table 14 Effect of Potassium Phosphate Buffers on PGR and RH Activities
’

* 2 -
™~ -
Potassium Percent of E
3 Phosphate PGR  Activity % RH - Percent of Activity
; () E.Unl » E.U/nl 3.
. -
. Control  0.09 100 0.03 100
0.02 . 0.06 66 0.012 “0 "
0.1 0.06' 66 0.012 40
03 0.6 6 0012 - w0 g
0.4 0.00 100 ©0.03 100
o5 . 0.9 1 0.03 100 4
0.6  _0.09 100 " 0.03 ©L100
0.8 ©0.09 100 - '0.03 ' 100 ¢

~Different portions (about | ml) vere dialysed against different
concentraticns ranging from 20 oM to BDO mM of potassium phosphate adjusted
The dialysed extracts were then tested for the

. to the’ same pH for 20 hours.
‘ residual activity using the standard assay. The crude enzyme preparation

contgined 4.5 nginl protein.

. Y s
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Table 15 Ef fects of Imidazole Buffer on the Enzyme. stabi).ity

PG=reductase R lyase N

Ecu/ml " Activaty E.u/ml actfvy Ly
Control — 0.528 100 0.132 100
After 10 hrs. 5 "4 / .
of Dialysis 0.024 4.5 0 o

The PG-reductase and the R-hydroxylase activity were determined as described ° .
in Materials and Methods after dialysing the fresh crude extract sgainst 25 mM ..
Inidazole buffer'(pH 7) for 10 hours? The control consisted of extract\prepared’
in 20 nM potassiun phosphate buffer (pH 7.4) coritaining 1 M 2ME,

—_ ’ - -
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The Effect of Poly buffer-74 on the PGR and RH
Activiti

Effect of Poly buffer-74 (pH 4 to 7.4) COl:lllillil’Ig 1 mMEDTA, 1 mM 2ME

and 15%% glycerol was determined hotometrically (Gilford instrument

Oberlin, Ohio, USA.) -by performing enzyme assay. The reaction mixture

d the followjpg: 0.1 M pliosphate buffer 2.5 ml; NADPH 05 umoless
enzyme -0.2 ml (5 mg/ml protein); snd poly buffer (0.2 ml). A reaction ‘mixture
without poly buffer was used as a c?ntrol. The .clunge i sbsorbance at 340 om ..

. -~

was-observed. ,

Tablg 16 shows the el{et of poly buffer 74 on the stability of PGR and RH

& . . - -
activities. More than 55 and 70 percent inbibition of PGR and RH ‘respectively
was observed.

Effect of pH on Enzyme Activity

In .this expenment three buffers were Ad]nsted to dilferent. pH‘a varymg
from & to 84. These included 0.1 M murphohnopropme sulfonic acid (MOPS) pH
8.5 to 7.9, 0.1 M Tris-HCI pH 7.4 to 8.4 and 0.1 M potassium phosphate pﬁ 8to
8. Thiese buffers each contsined 1 :nM EDTA, l‘mM/r 2ME and 16% élyceml.
The reaction mixture conmn’ed in 8 final volume of 3 ml: 2.7 m), 0.1 mM
phoephate bul{er, 05 pmoles NADPH, 1 pmole of PG and 0.2 ml enzyme (4.8

mg/ml proleln) The clnnge in nhwrbnnce at 3;0 nm was measured usm; a_

[

Glllord spectmphowmeter

The PGR activity in a crude enzyme ssmple was dt;termined using different
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Tablg 16 Bffects of Poly Buffer-74 on the Enzjme Activities

J pG-reductase Percent Percent
PH E.u/ml Activit Rrhydsbxylase Activit
control 0,528 100 0132 . 190 .
4 0.120 coon © 0,002 YL
5 0:120 .o 0.012 . L9
- : . yo .
6 . 0.8 . 32 0.024 7~ 18 *
74" 0.228 3 0.036 4. 27,

i} totel plunef 3 al contained 2.5 nl of; hosphate buffer (951 H);
NADPH (0.5 ufoles), crude extFact (0.2 ml), The oxidation of reduced

NADP* was monitored at- 340 nm using a Gilford Spectrophotometer. &
- . » » “ > ¥ L3R 1 \
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- Effect of Storgge Temperatures on the Stability ST the

) rwdunl activity wudetermmed

n

bufterd with pll unpng between 8 md 8.4. Tnble 17-shows that Tm HCI (0.1 M)

- wu a Qor buffer. giving least PGR activity whde‘»tmnm phosphate (0.1'M)
- gave the highest uhnly. The activity obtsined in’ the presence of Mop: was

similar to that obtsined in the presenée of Tris-HCL.
Enzyme Stabilit By

a
PG-reductass and R-hydroxylase
»

The effect"of storage temperature on the c}nde axtrut,‘u swddlt 4°C
and -20°C. The fresh extnc! was mnyed for emyméuzmly and:kept on ice

(0-4°C) in a cold room.’ Alfter 48 Iwur |nteml' a nrnple was removed and the
4

In lnolhey‘qgmph of curde extract, activity was determined before it was

frozen Il.ld stored at 320"0 r keepm‘ it frowe for 48 hours, it was thnw!d
and myed !or the level of PGR and RH = b

. v

.
" The PGR :nd RH lclivitiu at 0-4°C decayed very rapidly (Tabléds). In 48

Abonn‘lhe PGR.«:‘( I'.y demmd by ,almost 059; whereas the RH utivil‘y

14
dmppmed completely. ®. “ S ! N >
M .
L e » 4 )
o the eul of where thfe crude extract was frozen and stored at -20°C for 48 _

hours md then lluvod there was no Iu' ln the PGR and RH activities. ’hble 19

summarizes the results. " ) i '
cct ot v
and R- hydroxylsee *. > >
g IS 4 . 5 ' -
e .
g I » by .y,
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B . 4
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Table 17 - Effect of pH on PG-reductase
8 v . B . -
* . Potassium .
® Phosphate MOPS . - Tris-HCl
PH E.u/mt - E.u/ml E.u/ml
i A 6 0.018 - B
5 = v P ( -
6.5 v 0,012 | -
- % Al @
1 " .0.066 . 0.024 . g
7.4 0.072 0.012 0
. o~ ’ &
. 1.8 - . - = 0
8 0.036 0.0Q6 0.006%n
-~ N . - -
8.2 - ' i - 0.012
. .~ Y
8.4 - - 0.018
- * 1y
1 ’ N -
' .', . K
s 7 .

, A freshly prepared extract in 20 mM potassiun phgsphate buffer
containing'1 ni EDTA and 1'nM 2 ME, containing’0.11 E.U./ml of PG-
reductase ua{ used in this exyertmenc It contained 4.2 mg/ml prm.ein.

3 The above buffers (0.1°M) containing 10 EDTA, and 1 i 2-ME were used
. -.‘; devernine qgg activity of PG-reductase.
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Table 18 - Tha sze‘c‘t.\o! stonqe at (4°C) on the d and R~ ase
\ Activities 3
. £
' ‘pG-reductase R-hydroxylase X
Time (Hours) NADPH “NADH , ) NADPH ADH .
3 o
o 0.225 ,(100%) 0. 265 (100\) .+ 0.145 (100%) 0.097 (100%)
48 0. 0120( 5%) 0. OZA ( 9%) 0.0 ( 0%) 0.0 ( %\l -
. ‘ i .
- N
L] * ! The fresh enzyme solution sn the 20mM phosphate buffer was kept*on ice *©
R , e ® S
# @ . at (0-4°C) for 48 hours. " . R
’ ~ » -
; . { " -
\ = N
v s (f 4 Y i .
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Tak%e 19 - The Effect of Storage at (-20°C) on the PG-) se and droxylase
Activities & o
Time (Hours) \ FADPH NADE NADPR
‘o ~ 0.225 (1008)  0.314 (100%)  0.145 (100%) . 0.132 (100%)
. .
48 . 0.217 ( 96%)  0.312 (1008)  0.132 ( '91%) '0.132 (1008)
~ . ¥ -
. . \
\ The fresh enzyme solution in the 20 mM phosphat® buffcr was kept on ice at ( 0-4°C)

for 48 hours. before enzyme assays were performed, The oxidation of reduced NADPH and NAD

was examined using the stored sample.
-

~
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In order to defermine the effect of glycerol on the enzyme a:’:livity, six tubes
N # - ;
each containing 7 ml phosphate, buffer (20 mM) with 1 mM EDTA and 1 mM

2ME were prepared. Glycerol was then adde& to euch tube to g/ivs;n

iiconcenl,rauen‘nnge between 2% to 15% (V/V). o ’fo ench tube was added

approximately 2 g wet pncked fm;hly grnwn and wuhed cells “The cell

were sonicated separately as described before. The cell debris was

removed by cenmfugmon (10,000 rpm, 10 mm) and the cle?’supernntﬁt

solutions obtained were transferred into six clesn tubes; stored on ice. The

enzyme activity in'the crude extracts was measured at diﬂerelﬁ time‘intervals. \

i ¥ ',
The effects of increasing concenlrntlonu of glycerol on the PGR “and R.Hhre
|llusl.nl¢d in Flﬂlﬂ 16 and 17 respectively. lncreuu in PGR and RH activities
were observed wnh increasing concentntxons of glycerol Glycerol (15%),in the

bul’ler offered prote:hon to the PGR nnd RH muva P

Chemical ‘Ed Enzymatic Reduction of Phloroglucmbl ?4 e

-

A reaction mixture containing 2.7 ml of 0.1 M phos@ne buffer pH (7.4), '

0.05 ml NADPH (10 pmolu/ml), 0.2 ml enzyme 0.7 m ;in both the cuvettes.

004 ml {10 pmoles/ml) PG was added to nmple;cu‘ena and spectra were

recorded using a double beam Shimudzh UV-280 Spectroph . (Kyoto,

Japan). “Fhe spectra were recorded at different tim“a intervals.

A reaction mixture ining 2.7 ml Qte i hosph buffer 0.1IM, pH

(7.4) and 1 umole of PG-was prepared in'a cuvette. 'The =e(unmea cuvette .
.

tfnulqed 2.8 ml of the same bulffer. U’lng a -double beam Shimadzu UV-260
- : .

. :

>~

’
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= Crude extracts of !r?hly grown cells of BPG were prepared in 20 mM
o S

hosph buffer ining il ing it of giycergl.

t )
v These

extracts were then stored on ice and the'PGR activity determined at

various time infervals indicated. o -
" \Extract A = 15% glylerol !

Extract B = ,lO%‘g—lycerol *

Extract C =. 8% glycefol I3

Extract D = 2% gnd 4% glycerol'

Extract E = Contro)
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Figure 17 - Effect of Glycerol on the Stability of Rehydroxylase
’ - . *

D " . . 5
Crude extracts of freshly grov;n cells of BP\G:‘8 were prepared in 20 mM

hosph buffér ining. incr ing _‘ ions of glycerol.

_These extracts were then stored on ice and the PGR activity determined at/

-
-~
]
e~
-
7.
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various time intervals indicated.

Extract A = 5% glycerol e TN
Exiract B = }0% glycerol X iy
Extract C = 8% glycerol R} ) ’ .

> Extract D 3 2%; 4% and Control
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Spect;gphotometer, the spectrum of PG wu'_xbtained. To.chemically reduce PG

2 mg of.sodium borohydride in 0.1 ml was added into both the cuvettes and the
, -
specfrg were recorded at different time intervals.

”
When PG and NADPH were mcubated with the enayme, a npld mﬂdluon

ol‘NADPH was. observed. Figure 18 shows ‘he spectral- shift observed m the
enzymic redncuan of PG to-dihydro PG. An identical spectrum was given by the
chemical reduc@ of PG to dihydro PG. Figure 19. Byj.he addition of
. i &
appmpl:inte quantities of enzyme to a ra@ction mixture containing the coenzyme

and PG it was possible to show stoichiometric conversion of NADPH to NADP. .

Induction of PG-Reduftase B

. ] v

For this experiment six Erlenmeyer huks were prepared as !'ollov.vs: Flask a,
0.1% PG, Flask B, 0.1% PG plus 1% sodium.siccinate, flask G, 0.1% PG plus °
1% glucose, flask D, 1% succinate, flask E 1% sodium pyruvate and flask F l%l-
glncose ‘The flasks were moﬂllated with 26 ml of BPG—B cell suspension, freshly

grown and incubated at 25°C7in a psychrotherm lor 18 hours. Celli from each

© " fask were harvested separately by centrifugation and washed three times® with 20

mM potassium_byffer. The washed cells were ruuuinnded in 2 mkof l.he ’nma

'l‘uﬂer and son nted as described before. The clenr supernatant solutmnr

i obtained after eenmfugn n were canted into clean tubes; The PGR activity
) 5

,in these crude extracts was determined using the standard assay procedure.

Table 20 shows that PGR activity appears in cells grown in the presence of
either PG alone or in the presence of PG plus. many other carbon substrates luch-

\ » '
= . R . .
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‘ Figure 18 - Enzymatic Reduction of Phloroglucinol to Dihydrophloroglucinol
. : L y .
. Reaction’ mixture (3 ml) contained 2.7 mi al 0.1 ml phosphate buffer pH

. N\
T * R 4), 0.05 ml NADPH (10 umolu/ml), 0.2, ml enzyme {0.7 mg/ml) in bof

cuvettes. 004 ml (10 ymole/ml) PC. was added to umple cuvettes and ‘the

“spectra were recorded using Shimadzu UV-260 model Spectrophotometer) .
. & s ¥
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B ) E“(mre 19 - Chemical Reduction of Phlth.ncigol / .
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‘The’ru‘ntion‘ mixture (3 ml) contained 2.7 ml of 0.1 M pilosp‘l:ite buffer (pH . .

;1.4) ‘and | pmc;le PG.(in Dl ml)‘.4 ‘The reference cuvette contained 2.8 ml of ihg

k. same buffer. The reduction of, Pq was "initi\’n'ﬁd by adding 1 mg‘_"sodium_ ]

borobydride (01 ml of the samé bulfer) and the spectra of the Feaction. mixtute

wete recorded at the times indicated. T X
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N TaEle 20 - Inducib:.l:.ty of PG-. Reducuase in ‘the Presence of

- Various Carbon:Sources € . .
4 b o e ; L 3y
5 -~ ) ; .7
N N ’ o E W
- " oy Growth : Activity  Protein Specific
g Substrates (EuPml)  (mg/ml) Activity -
PG T B .0.048 B 0.013 —~
PG+succ1nate ' -0.048 5.75.  © 0.01 _
1 PG+pruvaca T 0,036 2.5 0.014
PG#qlucose 0.024 3.5 0.01
succindte ) 0 4.2 [ I
‘Pyruvate _ - [ ®a.5 . 0 =
9 « e -
Glucose’ " .0 Y 1.6 0.
% Cells were qrcwr\)!} ‘,:he presence ,of the above'

o S
' *  substrates described in Materials and MethodS. Crude

e ) exrracts of cells grown on'thesé substrates were tested
for the PG-reductase activity using s:andard assay

y procedures. Y \

~ JE.U = enzyme units

Specific activity was defined as E‘.U. per

£, Wg protein.

e
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’ 3
as succinate, pyruvate and glucose,» No PGR activity was detected in cells grown

T in the absence of PG.

~

Eﬂeng of Incubation Time on PG-Reductase Activity \ .

Five flasks containing each 500 ml &f MSM medium were inoculated with

rpth at 25°C. Flas \ks were removed at different time. intervals and the cells\{ere

“freshly grown cells of BPG'-s ona shaker ina psychrotherm and agitated at 150 ™

harvested and wnshed as hefore Washed cells were resuspended in 20 mﬁ\
T

phosphnte buffer (pH 7.4) and sonicated as descnbed nbove The cell debrw\w\

remioved by centrifugation and the cle; supernstant, salu_non formed the source

of the enzyme.: Table 21 shows the results ;7Btn,ined.
N b
-

B ® ¥ e
In order to assess the time at which the .enzyme was maximally prodnced,"
the BPG-8 was: grown for various time intervals as described in Materials and
Methods. As depicted in Table _21, 'PGR and RH activities reach a peak in about
18 hours and decline thereafter. A rapid decline of PGR and Rﬂ activity was

obseryed after 24 hours. RH activity was not detected after 36 hours.
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Table 21"- The Effect of'Time Incubation on the. Enzyme Activities 3

5 Activity after (E.u/ml)
12 hrs. 18 hrs 24 hrs. 36 hr 65 hrs.

Substrate

*PG +NADPH' 0.048 . 0.06 © o0.048 0.036. 0.012
PG+NADH " 0.048 0.036  0.036 0.024 . -0.0
“R+NADPH : - .02 0.024 0.012 0.006 0.0
R+NADH \ * 0.024 — 0.024 - 0.012 0.0 0.0

% ~The cells of BPG-8 were grown for different time intervals indicatedabove in separate flasks
and used for preparing crude extracts. PG-reductase and the R-hydroxylase activities in the crude
extracts were determined using NADH and NADPH as electron donors according to the standard assay

procedurg.

.
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A gram positive Bacillus isolated from soil by’ enrichment technique was *

3 - i -
“identified using biochemical tests listed in Table 2. Based on these results the

5 organism wasqassigned to the genus Bacillus. .Ber;ey's Mnnunl of Determinative

Bacteriology (Enghtl edmon, 1974) lists uvenl nddlhonnl dl-ggshc u’u that

failed to |d=nul'y the species of the organism. - 2

.

Und}r electron niicwuopy' nnd _light - microscopy, cells lppeared as rods. _

) The size of lha cell was very small 2 - 2.5'm Iength and 10-12m wndth The,*

| spore smn was currled out on the bacterium but even “old cultures showed' few

spores “So to indicate thn the unknown isa the spore

tut wi "Enrned ut. Tables 1 and 2 review results which permnned the unknown 2

bacterium to be tentatively identified as Baettlus sp. BPG-8. To my knowledge,

this i3 the first report on the aerobic utilization of PG by a gram pos’itiv‘e,
S 2 -

sporulating bacterium. There are few, reports 'Anihble in the literature about

gram positive and negnhvo bacterium utilizing PG. Gram pos ive cells included:

2
Mycobacterium sp. (Bernlmn, 1965), Brevibacterium fuscum (Nakugwa and

“Takeda, 1962), Stregtocoenus bovis and prococeus sp. (T\m snd Jones, 1976),

Pelobacter undlpllicl (Bernhard g al, 1982) ).'

. !

v \ -
Gram n'e;utlve bacteria included: Pseudomonas sp. Mac 451, (Robern, 1965),

* Butyrivibrio sp. C, (Krishnmurty et u_l_ ., 1970), Rhodopseudomonas gglmnosn
(Whittel gt al., 1070)

Physi¢al-and chemical factors play an important role in the metabolism of
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’ »

aromatic ds by mi “‘ - Temp pH, saeration and a

. LN
favourable sipply of inorganic ions are -of prime importance for growth and

metabolism. The medium used to grow the Bacillus sp. BPG-8 resembles the

medium described for Pseudomonas sp. Mac 451 (Robern, 1985). The optimum

pH of the medium for the grthh of the latter was.7.2 - 7.4, but for BPG-8 it was

5.5." This tpay be d;xe to higher stability of PG nnbd)sr acidic environment.

Th o imum témperature for the th of Pseudomo . and
e: op! P grow! ol seudomonas !p an

Penicillium sp. Mac 47 was 30°C. Coprococeus sp. Pe,s (Pntt}i e_t-n_i.. 1981) grew

best at 37°C whill Bnclllus sp. BPG-8 grew optimally at 25"0‘ The

above 25°C and' pH above 55 ‘caused browmg of . the megmm due to «the-

decomposmon of the substrate. ,In the csse "of Pseudomonas sp. and Penicillium

EecUCOMOTas.

s|. the org};nisms were grown at pH 7.5 and the incubgtion temperature of 30°C.

It is difficult to interpret the results obtained by these authors in the th of our )

observation. - . !
Pseudomonas sp., and Bac'llus‘sptgnve best growth 9 0.1% PG was
incorporated: into the'me-di\ifn. higher concentrations resulfed in decreased

gtowth. Concentrations higher than 0.2% mhnblted the growth of the orglmsm

completely. In conmast under optnmum condmons 0.25% PG was utilized

completely in 11 hours by a growing culture of Penicillium sp. 4 ~

\
The genernuon time Ior BPG-B ‘in MSM conmmng 0.1% PG nnd 0.00i%

"YE was esnmned to prevlously be 3.75 hours lWorthmnn, 1985). Thm is much

higher than that of

whlch In.s a genennon time of about 25 to 30 mins.
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(Brock, 1979). The nntiann"y phase began after 12 to 14 h‘nurs of growth. The

. time of harvest was importmt for obtaining good enzy:‘ne activity. In the case of
Coprococeus sp. the optimal PGR activity occurred belwee‘n 36 to ,Ca‘oﬁrs, while:
in_the case of BPG-8 it was between 12 to 14 hours. In the case of Pseudomonas )
:p.\ the cells were harvested after 18 hours of growth and those of Penicillium sp.
were harvested after 38 hours, showed optimal activity (Robern, 1065; Mathur, -

1071). | 8® i

- Thornton (iézs) was able to isolate microorganisms from-the soil ¢apable of
p’-uwing in pure ';.tuu!_xre wl;ich ‘utilized PG, re;orcinol, cresol and resorcyclic acid

" s the sole sources of _clrbon. ’ln contrast Cogmcocéus sp. Peis fm:leﬂ t.o g&d
the expense of any of 39 different aromatic or flavonoid compounds tested.

~ Bacillus sp. BPG-8.grew on pyrogallol, orcinol and PG but not on any of the *

o other compounds tested. Gallic acid, pyrogall ,_mwmumm e
PG were the only nnhzed by Peloba (Bernh et ak;
1082).

The enzyme from Bacillus sp. BPG-8 and Penicillium sp. MAC M-47 carried

two kim;ls of activities, one specific lor- PGR and another for RH. In contrast,
enzymes from P’seudomonu sp. MAC 451 n:qd !‘mm‘ Coprococeus sp. Pe, 5 showed
only the PGR activity. In case of B\PG-B PGR and RH activities were p_nrt.iilly
pu:i.ﬁedv by t!ls ln‘\moniu'm l“lpl;lle pfheipitation, gel filtration and ion-exchange
¥ ehromltogynphy. However l.hc partially pnriQed protein retained RH ;aiivity‘

'

Similsrly the enzyme complex from P um sp. was purified by a
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of a i ine sulfate fum sulfate .

precipitation, DEAE Sephad co‘lumq h raphy and gel filtration using

Sephadex G-200 (Mathur, 1971). The enzyme-complex was purified 20-fold and
showed PGR and RH activities.
2

AThe PGR from Pstudomonas sp. was purified by a combination of various

t T jum sulfate p
c‘olllmn chmmltn;n_phy on a DEAE-cellulose eoluﬁm and a Bio-gel P-360 colunn,

(Hang, 1967). This enzyme was purified twenty thr\eernlds and showed only PGR |

' [ 4 -
activity.  The crude extract of Pseudomonas sp. also showed on PGR activity.

- The PGR of Cnp‘rococcu.s 3p. was purified by protl;n'me sulfate treatment,

___amrhonium sulfate precipitation and gel filtration using Sephadex G-200 (Patel,

1981). In this also the crude extract as well as the purified enzyme carried only

¥ ) « PGR activity.

In the case of BPG-8 the PGR activity was inhibited by anfmonium sulfate
treatment. Only 13% of the PGR and 7% of RH activities were recorded in the
60-80% ammonium ;u]hn fraction. In contrast the enzyme of Penicillium sp.
was not affected by’ ammonium sulfate. About 84% of the PGR and 83%-0‘1 the

Rh activities were recoverably in the 45%—65%%11@&6 fraction.

- i & The PGR and BH activities were not separated when a sample of crude

¥ " extract was run through a Sephadex G-150 column (Figure 8).  Similar
: —_—

observations were also made for the enzyme from Penicillium Mac 451 (Mathur,

\ 1971). =

.
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) Attempts‘ Lo separate the two enzyme activities on the ion—exch;nge column
surprisingly yielded two activity pesks (Figure 8) both carrying PGR activity but
“no. f{H activity. This‘ experiment was repeated twice and the results obtained
. were similar. Perhaps the high dilution during the column chromatography
mai(es it difficult_to detect th; RH activity. It is to be noted that in the crude

extract as well the ratio of PGR activity. to that of RH activity is very high.

When a batch purification using the same ion-exchange material was
performed the bound enzyme released also Ind a hgher rsuo of PGR nctwﬁy
over th RH actmty The pnrposé of usmg thls technique was to purify the
enzyme in a lesser, time compnred to lh_g colmpn chromntography. About 50% of

the PGR activity was recoverable by this method.
- .

Purification of the enzyme from Bacillus sp. by chromatofocusing was

“" unsuccessful because the eluting buffers, imidazéle and poly buffer were found to
be inhibitory to PGR and RH activities. Other workers have not reported the use

of this method for the purification of a similar enzyme.

PGR from the Bacillug sp. BPG-8 bles the red described in

Fseudgmnms sp. MAC 451. . (Hang, PhD. Thesis), Penicillium sp. MAC M-47
(Mathur, 1911) and anacrobe Coprococeus sp. Pe 5 (Pntel et al., 1981) All four
enzymes carry out the udueuon of Phloroglucinol with NADPH as an electron
donor, and in all * cases the reductase };ctivity was. stimulated j by 2
mercapmethnn;ul. _/H_owevgr, the fungal enzyme cormplex @ei NA]j]:_l at a 50%

efficiency, whereas the enzyme from Coprococcus sp\. Pe,5 exhibited only 3 to 4%
. c .




activity under similar conditions. In the present studies, NADH may be’

substituted for 'Nkbllli"as sn‘alternnt’g electron donor but “because of the high
endogenous activity with NADH, NADPH was llsa“d ‘as an electron donor. RH

from the Bacillus sp. carry out the hydroxylation of resorcinol with NADPH as an

- electron donor. However NADH can also abe used in this reaction. ”

The Km valnes for PG wuZ X1 104 M nnd that I'or resorcinol was 0.25 x

10 M in the Qﬂse ol BPG—8 (Worthmnn 1085). ]n the. case of enzyme complex _

_from Penmlhum 9P (Mlthuf 1071) the Km for PG was 2 x 10° M and thut for-

resorcmol was 1.43 x 10° M. Thus the enzymes from both the organisms. sho_w

higher affinity for f"G compared to that for resorcinol.

The crude enzyme from Bacillus sp. when stored at 4°C fro two days,

showed 0% loss of PGR and a complete loss of the RH activity. While in the
case of Coprococcus sp. (Patel; 1981) only 9% of the initial activity was lost
within ﬁve'dn'ya in ihe presence of 2-mercaptoéthanol.

No differences were observed in the PGR mr! RH activities in crude extract

ium sp. Thus the enzymes from

stored at 4°C for a week in the case of Penicil

Bacillus sp. appears to be more unstable compueg to other enzymes described in

the literature. Freezing and thawing had little J‘r 1o effect on the PGR or RH ~

‘from BPG-8. Similar observations have been reported for the enzymes from

Coprococeus sp., Penicillium sp. and Pseudomonas sp. (patel, 1981; Mathur, 1071;
Robern, 1085).
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The stability of the enzyme (PGE) is nlfelo:Led by different buffer systems
.(Table 12). The loss of PGR activity was much. higher-when fresh extract was
dinlysz;i separately in buffers containing DTT, PMSP, 2ME and Cysteine HCI.
The increasing :oncentrptions of glycerol (lS%)‘of(‘ered protection to the’ PGR
and RH activities. The earlier workers did not repo;-l thg use of glycerol for
stabilizing t!)e‘enzyme: (P‘utel;lQBl; Mﬂl,hllr, ;971;'Robem, 19;2). —

5 . . R )
"a‘?l'he PGR. and RH activities: from BPG-8 was inhibited by po‘i“usium
chlqride used as a gradient'on DEAE-‘Sﬂ:jn‘dex ‘A-50 célul:nn while in- thejcb.se of
Penicillium sp. enzyme complex was Dot inhibited when potassium’ chloride was
used 'as & grsdlent on the same column In the case of BPG-8 sodium chloride
also xﬂhlbned the enzyme (Table 18). There was a more rapied loss of RH than
PGR a@livity in the same extract. This suggested that there may be two different

enzymes.

ThL results so far obtained in this work indicates that the PGR and RH
activities may form two active sites of & single enzyme containing more than one
polypeptide. . -Unless two separate enzymes with either PGR orRH activities can
be obtnin?d it is difficult to draw an}; definite conclusions with -respect to the

proposed enzyme complex.

Sodium phosphate buffers with pH range between 5.7 to 8 also inhibited the

. PGR and RH activities. However, i hosphate did not seemto affect
) 3 .
“these ucticities, A higher con ion of h appeared to

stabilize the enzyme activities (Table 14). Optoimum activities were found over a




5 95
\' i .

concentration rangeaetwee‘n 0.4 M to 0.8 M potassium phosphate (monobasic)

buffer. Such enzyme ili by ium’ hls not been reported

by other workers (Robern, 1965; Mathur, l98l Patel, wsn

. . s : A

The pH optimum for the Bacillus sp. was k_mnd to be 7.4 (Table 17) in the
presence of 0.1 M potassium phosphate. Simila’r results were obtained for the
enzymes Penicillium sp:, Pseudomtonas sp. and-Coprococcus sp. (Mathur, 1971;

Robern, 1065; Patel, 1981). ks :

The moleculal exgbt of PGR from Bmllus/sp was found to be 155000
The molecular weight of the Coprococcus en;yme was reported to be 130000

(Patel, 1981), while the fungal enzyme (Ma/hur, 1971) ws found to be 76,000.

Thus PGR frem ' Bacillus sp. appears to’ be larger than enzymes from other
. /
« T N
sources.
- | / =

/
s 7 . : : \‘"w

Boﬁ) BPG-8 and Coprococcus sp. have PGR which is inducible by PG.
Ho&ever, in the case of Cogro/cbccus sp. Pe;5 low levels of PGR activity was
detected in <cells grown on other substrates.” This perhaps represented the: low

levels of consmgﬁve synche,s‘{s s of the enzyme.

The' P/R and RH activities from a Bacillus sp. reached a peak i in about 18 .

hours whlle PGR ivity from Penicilliumn sp. reached a peak in about 24 hours.

The enzyme activity .wu observed in the crude ext‘racl prepared from 24 hours
and 3’8 hours’ old cultures of Penicillium sp. In contr;t PGR activity was
detected in/n:elh of BPG—’B grown for about 65 hours. The RH activity, however,
decline/d/rapidly after about 24 hours in the case BPG-8.

s 3
/. = , e
/ . L T I B
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‘Robern (1885) in the case of Penicillium sp. showed that resting ‘cells of this
fungus degraded PG and that in & oulture medium a compound that absorbed‘
light at 278 nm was detected. This compound was. not !urthe} m;z!;bolize_d by the )
Ilu'igus, Hang (1967) showed ﬂml/l’éeudolﬁonu sl;. gl‘oWl"l on P(}_vp{oduced a

. . -\ .
dimilar compound with similar absorption peak at 278 nm. This intermediate was

detected in the culture m&dium by. its spectral characteristics as well as by colour

ctions.

% Jamieson’(1970) has shown that dibydro PG is an intermediate product
1 A ¥ .

'l‘q'rmed during PG metabolism by Pseudomongs sp. They claim to have isolated

id fhydro PG from this culture medium in an organic solvent system. However, .

ir nuclear magnetic resonance spectral analysis of the isolate produc&suggest

tbat the dihydro PG decompnsed to give resorcinol. —

i 'Whittle. (1076) detected 2-OXO-4-hydroxyadipate and dihydro PG in
' phuco‘syntheﬁc Wtures of Rhodopseudomonas gelatinosa growing on PG as the
scle prbon\soune A soluble extract of these cells reduced PG to dibydro PG in
tha dsrk in the pf'esence of NADPH as hydrogen donor. The authors proposed a ’

. pathwny of PG de;ndntxon of Rhodopseudomonas gelatinosa whlch -included

A'_Jmcleut % N .
o e \] ;

Cogrococc\ls sp. Pe,5 (Patel, 1981) carried out a 51m|lnr NADPH dependent-

|nmcl itep in PG degrndmon to yield d\hydm PG.
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The proposed initial step in the metabolism of PG by Bacillus sp. BPG-8 is,

~— . PHLOROGLUCIW X ) DIHYDROPHIWWNOI
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CONCLUSIONS

";\ The following conclusmns were drawn from these observations:

tThe organism isolated was tentatively identified as Bacillus species
(‘. BPG-8. lt was a gram + rod, that produced endospbres.

2. The organism was shown to utilize PG, orcmol and pyrogallol as sole
sources of carbon and energy. 5

3. The organism® degnded PG most readily at 25"0 Aeration wu
essential for bener growth and PG utilization. N

4. The optimum pH was 5.5. The pH above 5.5 and temperatures above ;
25°C citused browning of the medium. 8 % &

™ s .
5. The opthftuth PG concentration was 0.1%. = Higher concentrations
inhibited the growth. . B By

-« 6, The resting cell .s\l.spen!lon required five hours for complete ﬁtilizntion
of0. 1% wuhout any lag.

7 Bncxllns sp. BPG-8 ‘carried an inducible PGR .

8. The enzyme requires electron donors.such as reduced NADP+ and
,NAD*. .

9 The PGR activity was inhibited by_potassium chloride, sodium
chloride, sodium phosphate, imidazole buffer and poly buffers.

10. Metal ions suchas Zo%*, Fe?*, Mo?*, Mg?* and- Ca®* did not
stimulate the PGR activity.

11. The effect of the metal ions was more pronounced with respect to RH
ncuv:by than PGR activity. ‘

~

12. The PGR and RH activities were unsepnrnble by gel hltrmon and ion
exchange (‘Lohlmn chromatography.

13. The ral)o of PGR to RH activity was nlwnys hlgher in Bll enzyme
‘preparations. . s

14. The spectral changes observed during chemical reduction of PG b); ‘
. sodium borohydride indicate the formation of dihydro-PG.
‘

g v ’

A . ¢ .
. = Ea - o
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» ‘5 id to show that enzymatic reduction of PG in the g .
presence ol' NADPH forms dihydro PG.
16. The data pmented suggest that BPG-8 may carry an enzyme complex (A
with two separate activities, namely PGR and RH.
Future Work ¢
= 4 Affinity column chromatography. & <

/—)- Rechromatography of the peaks obtained on Sephadex C—ISQ and .ion

-exchange (DEAE-Sephadex A-50 Column).

oe
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