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An aerobic argan&ém eapable of utiliging
benzaldehyde as sole source of carbon has beon isclated
from the soil by the enrichment culture technigue, The
orgenism has boon identified to baiang to tnnlgenus
Achronobneter. The cell yield of the organisa wos maxi-
aun at the level of 0.05% (v/v) benzaldehyde. The opti-
nun temperaturoe and pH for growth was 30-35°B and 7.0

reapaetivwly:

The pathway for diseimilation of bvenzaldehyde
and related compounds was investigated by the tochnique
af moquential induétion. The growth ratcos and the yield
of the organism were measured with benzaldehyds and rela-

ted compounds,

(1) The benzaldehyde=-growm cells oxidized
benzaldehyde, benizoate, protocstechuate, catechol, 2,4-
dihydroxy bengeldehyde, salicylaldehyde, suecinats,
malate, funarate and acetate without lag whereas m~hyd-
roxy benszoate, pehydroxy benzoate, sdipate, citrate and

¢ =~ketoglutarate were oxidized with lag. Puroayein
doercaged the rate as well as total oxygen uptake of



benzaldenyde, p-hydroxy bengoate and mehydrixy bone
roste, Chloranphenicol did not have any effect on
the rate of oxldntion of banzala;hyde and durntion
of 1sg phase in the szidation of pehydroxy bengoate
and mehydroxy bdonzoate. This may de due to non per-
menbility of the antibiotiec. o-Nitrnbensoic acid
deereased the fotsl oxygen uptakd of hﬁnzﬁldahyﬁs as
well rg the rate of oxidation of pehydroxy benzoate
and sehydroxy benzoate.

{11) The banzoate-grown celle oxidimed the
bonsaldehyde, 2,4-dihydroxy benzaldehyde, bensaale ,
protocatechunte, catechol, succintte and acetato without
lag but p-hydrsxy bengoate, a-hydroxy benzoate and adi-
pate vere oxidised with lag,

(111) The p-hydroxy benzoate«grown cells
oxidized, 2,k-dihydroxy bengaldenyde, p-hydrsoxy benzoate,
protaeatochuate, catechol, succinate, ncetate and adipate
without lag but benzaldehyde, benzoate nnd mehydroxy
benzoate with lag.

(4v) The o-hydroxy bensozte=grown cells
axliiized m-hydroxy beuzoate, protocatechuats, catechol,
" puccinate and ~cetate without lag, Bengzalde yde, bens

zoate, 2,k-dihydrovy benzaldeuyde, p=hydroxy bdenzoate,



and atinate ware sxiadzed with lag,.

(v} Thoe adipate-griwn ¢2lls oxidigod
vonzaldenyde, wrotocatechuntbo, alinute, succn~ts,
acotate and 2,%-dihydroty benzaldolyde without lag
but benzoate, p-hydrazy benzoate -~nd a-hydroxy bon-
goate were oxidigzod with lag.

(vi) Tho acetate-groun ealls oxidi-od
benzaldohyde, bonzoato, n-hyurny bonzoate, melydroxy
benzoate, protieatachuate, catechol and ndinzto with
lag. Suecinato, acotete and 2,h-dihydroxy bénaaldoqyde
wors oxidiged vithoist lsz.

(vii) The succinntp-gravn cells ouldigsd
bengaldeny. o, bongonte, proticntrehrate, eatechol,
2,b=dihy.ro ¥ b nzaldenydo, sueccin: te and acet te
withiout 1lag but sm-hydrory bengoate, a-hydroxy dbenzoate

end adin-~to -OrC oxidi=zed with 1loq.

(vi1i)} Gl iicos~=growm eoils ovidi-ed benzale
dehy le, eateeiryl, succin Co ~n. sestale rfthost leg.
Bonzooto, pehylr-ty bonzoate, a-hyd-axy bvnzaaye. pPro=
trcatocaunte ond adinato wore s«itlized ‘AAth 1o, PUroe
ayein and o-nitrobenzoie acid inc oased tho »y.Mm

wotalie of beqgalilichyde, The r-te of >xldgtimm 3¢



pehydroxy bensoste wag effeeted but the total oxygen
uptoke was inoressed in presenge of these protein
aynthosis inhiditors. The Lneroase may be due to the
oxidation of inhibitor or sone impurity ascociatod
with it. The chlorampheanicol effected the yate as
well as totel oxygen uptake of benggldehvde.

{1x) In the presente of celiular debris,
coll=free oxtracts of bengaldahydo.grown colls oxidized,
catechol, protocatechnate, bongaldenyde, bensonte,
p=hydroxy benzoate, m-hydroxy benzgoate and 2,b-dinydroxy
benzaldetyds,

(x) In_vitrg inocubation of benazsldehyde pnd
collefree cxtraet in prescnce of NADPT resulted in the
formation of benzoate, p-hydroxy benzoate, protocatechunte,
However with protocatechuate or catechol, P-oxoadipate
wvag formed. The p~hydroxy bonzoats was also ddentified
in the culture broth,

(x4) The bengzaldehyde dehydrogenase was NADP*
dependent and the hydroxylation of p-hydroxy benzoate was
NADPH specific,
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2IT. LIST OF ABBREVIATIONS
sap* J NMieotinanide gdenine dinusleotide

{oxidiged form)

- NADH ese Nicotinazide adonine dinuelootide
' (reduced form)

HADP* .o Nicotinamide adonine dinugleotide
phosphate (oxidized form)

NADPR N Nicotinanide adenine dinucleotide
- phosphate (reduced form)}

PAD P Flavin adenine dinucleotide

CoA o w Coengyno A



Iv. INTRODUCTIOR



During the past deecanlos, fairly nreéisa
knovledge has been obtaine] of the pathuays turough
which certain =icroorganisns utilise aronatic eripounds.
2ibell (1546) hag dealt the bacterilolosical aspcets of
this vhonomenon. The biochemiatry of the process hao
alr ‘«ady baen Beviewed (iappold, 19950; Stanier, 1952 ).
Sever 1 types of aleroorzanisqs belonring tn Cogcedens,

iyeshacteriacine, Bacterioeean, Paeudononadagens,

Spiriliece.e, ond Bagillaceae fa~illes are knol, which

grow acrcbically in a sioplo miner-l sult mediuws with en
aroaatic commound 18 sole source of carbon, during the
grouth »f the¢ +ieronrganigng, tho baongene rinm undorgors
fission giving rise to v-rious comounds wiich ore utili-
zed in the divorse processes as-otiated with coll metabo-
lism. Such orzanisas have been igol ted from so4l, sewaze
and momaalien facces, and ore uidOiy digtributed in nature.
Therefore, blslogzical functim of thes~ orgwiisio may be

racardcd as an gssential ptev in the "Carbon Cyele®,

Thodr use as nn industrlal gseavencewrs 1s
e 11on, since porcolation sf nhenolic waste nroucts
throuch sevage beds provides a cheap m thod of detoxi-
cating arsnptic comoounds not~mtislly horaful €5 ~quatice

lifes Thn dosy dntion of aroantic eymmounds 1o not only



confined to the Yacteria but several fungl 1like
Asporgilius sp. {Kluyver and Van Zijp, 1951);
Penieillium ap. ( Hockenhell g% al., 1952; Isono, 1993
195% ), Oospora sps ( Landa & Eliasek, 1956 ) and
Neurospora ep. {Gross gk al., 1956) arve capable of
suéﬁ degradation, as well as cortein soil ( iHonderson

& Farmer , 1959) and wooderotting fungi (Pahreus, 1949),

Hostly the carbon skeleton of the arcastic
compounds is exclusively converted into carbon dioxide
and cell constituents, However, it was first ghown
that sometimes intermsdiates are tranoiently accunulated
in the outlure broth (Cvanas , 19%7). An alternative to
this traditional approach is the study of cell-free
engyne proparations made from organisas after growth on
the original substrate or any likely intermediato in vitro.
From the point of view of origin of the isslated products,
the interpretation of repults are always difficult,
Howevar, the probability of thelr being real intermedistes
i3 vastly increased if labslled compounds are uged,
This spproach has, in almost all opses, alwvays given the
initial lead in delineating the intermediary pathways.

The observations, which led to the current



1deas sobout the factors controlling the enzymntie
congtitution of & microbial cell, date back to late
nineteenth eentury (Wortmenn , 1882). The enzymes
produced as a specific responge to the presence of the
homologous substrate in the culture madium wore ealled

* adaptive enzymes " (Karetrom', 1937«38). The consti-
tutive enzymco are alvays formed by the celis of a given
speclsg irrespective of the compnsition of the mediua,.

It was obgerved that ths engymes, of wrosatic
ring figsion clobvorated by a partieular Pseudomenns gp,
wore strictly adaptive in nature, because these enzymes
were only shown to be present vhon the organisn was
grown in presence of an aromratic compound (Stanier,1947).
8tanier, thorefore, conceived the ides of using this
phonomenon &g tho basig for a rofined type of kinetic
analysis to deteraine the nature of the intermediates
that 1ie on an adaptively controlled metabolie pathway.
This wvaluable technigue was ealled "Simultaneoug or
Sueceasive adaptation™, but for verious reasins more
accurate tersinology of "Sequential induction® has been
proposed (Cohn gt al.,1953). The principle can be
1llustrated by eonsidering a hypothetical metabolie
pathway, each step of which is catalyzed by a specifie
indueible enzyme.



MR M A S

The ecells, polentially capable of carrying out above
roactions, will be f.levoid of the relevont enzymes, 1if
they have not baen exposed by the conditions of grouth
to compound A { the inducer ). ihen placed in contact
wvith A, such eells respend by producing the engyme E,
catalyzing the step A —— B, The forzation of & will
in turn provide the necessary activation for the forma-
tion of By and so on. Thus cells fully induced to
dissimilate A will almo be conditioned to metabolize

B, Cy X, D, E otc, On adapting the cells to an
intermediate in the chain (say €), they will then also
be adapted to the later intermediates, ¥, D, & ete.,
but not nocesaarily to the eavlier ones. Consider,
however, the case of a compound X, which may appear on
chemical grounds to be a possible intermediate in the
dissinilation _cf A, and vhich is likewige potentially
attackable by a specific, inducible enzyme Ey,« In view
of the known high specifieity of the inductive response,
1t 218 extreoely improbable that cells, specifically
adapted to X, shall utilize D, E etc., 1f X 8 not o
mewber of reaction chain. Thug, by adapting an organiam
to a given prisary Subaﬁratc, and then ;analysing itse



it

admptive pattorns with respect to postulated intor-
nediates, evidence can be obinined as to which of these
conpounds are actually operative in the reaction sequence,
It 19, of course, necessary to make a parallel test with
"Unadapted” cells grown in the gbsonce of all the compaunds
under test, in order to moke certain that the rolevant
enzymes are not constitutive, In p*aatiee the gypliecation
of this technique is quite simple, waaheg well suspen-
siong, grown on the substrate whose metaﬁolic pathway 1is
under investigation, are lncubated separately with the
various postulatéd intormediates ( now being uscd as
gubatrates), tho rate eof oaygen uptake being measured
manomatrically. The absonce of a lag pericd iniicates
complisnce with the critorion of soquential induction,

The presence of lag period, however gaall, 13 taken to
mean that the induced encymes were not originaglly present
in the ceollg, tho delay representing the timo required for
thelr syntheosgis.

The imsolation of gpoeifiec micrcbes with the
required properties, for example , abllity to grow freely
48 a pure cﬁlﬁnra in g gsiople salt mixture contalning an
aromatic compound as sole ecarbon source, is usually acco-
oplisched by the eleetive cultﬁra mothod (Ninogradsky,19h9).‘
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The eolls, potentially capable of carrying out above
reactions, will be devoid of the relevant enzymes, if
they have not boen exposced by the conditions of growth
to compound A ( the inducer ), iMmen placed in contact
with A, such eells respond by producing the enzyme E,
catalyzing the step A —— B, The for:ation of 8 will
in turn provide the necessary activation for the forma-
tion of By and so on., Thus cells fully induced to
disginmilate A will also be conditioned to metabollze

By, C, X, D, E otes, On adapting the cells %o en
intermedinte in the ohain (say C), they will then alsc
be adaptod to the later intermediates, X, D, E eta,,
but not nocessarily to the earlier ones. Consider,
however, the ease of o coumpound X, which may appear on
chemlecal grounds to be a possible intermediate in the
diaaim&lation_or A, and vhich {8 likewige potentially
attackable by a specific, inducible enzyme E,. In view
of the known high specifiecity of the inductive response,
it is extremely improbable that c¢ells, specifically
adapted to X, shall utilize D, £ etc., if X 18 not o
mesber of roaction chain. Thus, by adapting an organism
to a given primary Qubstrate, and then Qhalysing its



i

sdaptive pattorns with respect to postulated inters
mediates, evidence con be obtained as to which of these
coapounds are netually operative in the reaction seguence.
It 1s, of course, necessary to mghe & paraliel test with
"Inadapted™ cells grown in the sghpence of all the compounds
undsr test, in order to make certain that the rolevant _
enzymes are not constitutive, In p%actioa the applieation
of this technique is quite gimple, Uaaheg ¢ell suspen-
siong, grown on the subatrate whose metaﬁolic pathvay is
under investigation, are incubated separately with the
various postulatéd intermediates ( now being used as
subgtrates), the rate of oxygen uptake boing mensured
manometrically. The absence of a lag period inidicates
complionce with the eriterion of soquential induction,

The presence of lag perlod, however saall, is taken to
mean that the induced encymes were not originally present
in the gells, the delay representing the tine roquired for
their synthesis.

The isclation of specific mierobes with the
required proparties, for example , ability to grow freely
as g pure cﬁlturn in a simple salt mixture containing an
arozatic compound as sole earbon source, is usually acco-
mplished by the elective culture method (Winogradsky,1949).



The soil or sowage bed is continususly perfused with
the simple medium for a period of few days, in the
presence of s suitable amount of aromatic compounda
( 0,09 -« 0,17 w/v ). Somotimes, it is helpful to
egtimate the concentration of the aromatic substrate
in the primary sized culture medium. This may stay
congtant for days, end nothing scems to be happening
at first but suddenly its disappearance starts, and
the entire gmount may be gone in a few hours, dhen
active metabdolism of the substrate is in progress ,
gubculturcg ars made into simple media, thus eausing
preferential growth of o certain type of orgonism ,
ultimately leading to a predominance of the condl -
tionally fittost. Froa such enrichient cultures,
after plating out on simple media { stiffened with
either ag r or silica gel ), the desired organisz 1s
isolanted as a pure strain by ths Lraditional mothods
of the microblology.

Motabolic Pathways for Utilization of Aroastic Uompounds:

It is genernlly acconted that dihydroxylation
is a prerequisite for enzynatic fissien of the bangene



ring (Magon,1957)s The hydrozyl groups may be ortho

to each other, ps in eatechol and protocatochuic acid
or para to esch other as in gentisic and honogontisie
acids, Catechol an& protocatechute acld have been shown
to be the gubptrates for ring filssion in the mierobial
degradation of many different aromatic cospounds,

Alth@ugh eatechnl is an intermediate dering
the degradatim of polymuglear aromatic hydroearbong,
naphthalens, anthrooens gnd phenanthrene by nmiers -
organisas , a dihydroxylated polyaromatic compoumd is
usuglly the fdrst subsirate for the ring fission.

A gubstitutad agronatie nueleus presents
oioroorganion with a cholee sz tn thelir scde of attack.
Results cohtained in the microblal degradati-om of phenyl
subgtituted acids by a Hocardia go. Indicnte that the
acid side echain iz motabolized by a beta oxidstion
progoss, that 18, the microorganism removes two carbon
atoss st a tise { Wedbley gt al., 1962). Thus side
chaina with en odd aumber of earbon atoms are méta -
bolized to denscic acid, which is converted to catechol
prior to ring fission. Phenyl substituted acids that
contain an even number of carbon atons are metadolized
through phenyl gcetic acid. Further metabolism of



vhenyl acetic acid may proceed through eithor hnm;gan-
tisie actd (Kuyver et ad.y 1951 & Dagley gt al.,1953)
or homoprotosatochute acid (Kumite, 1995/56, Dagley

et 8l+s1962) dﬂpeﬁﬁing on the speeles of nicroorganismg.

The engymes catalyszing the hydroxylation of
the aromatic ring have besn terzed mixed-function
oxidnses (Mason gk 3l.,195%)« In such reaction one
atoy of oxygon iz incorporated into the subatrate
molegule, In the presence of a suitable eleetron donor
the other oxygen aton is reduced to water, A typical

roaction may bo represented by the euation 1

R owmwe K+03+Xﬂz—- ROF{%H'ao#x

Where BE repregents the gubstrate wolegule and XI,
represents the sleetron donor.

- Hieroorganlisns apparently utilise s variety
of electron donating compounds in hydroxylation reactions.
Salieylats hydroxylase, the engyme that converts salicylic
acdd to cateahol, has been purified from cells of a
Pssudonones gn. (Katagird gt gl.,1966). The enzyue
containg one mole of flavin adeninedinucleotide (FAD)
per mole of enryme protein. Since the reaction also
rogquires reduced nicotinamide adeninedinuclootids (NADHy)



and ozygen, the mechanis: 1s pictured as a reduction
of an enzyme ~ FAD - salieylats cooplex by NADIly .
Subsoqusnt oxygen fixation by the complex results in
the liberation of carbon dioxide with the fordation
of catochol and the oxidized enzyme.

The enzyme that forms protocatechute geid
from p-hy—dmv benzoie acid also eontains one mole of
FAD per mole of enzyme protein (Hosokawa and Stanier,
1966). In contrast to salicylate hydroxylase, this
ongyme raguires reduced nicotinamide adenined!.nﬁclao-
tide phosphate (NADPH,) for activity.

Phenyl alanine hydroxylation iz satalyzed

by an enzyme prosent in calls of a Pgseudomonas sv.

Engymatic activity ia dependent on the proacnee of
dimethyltetrahydropteridine and NADH, ( Guroff and
Its, 1965), Hon=heme protein paurticipates in the
hydroxylation of octane ( Peterson gt al., 1966 ) ,
cazphor ( Gushaagn gt gles 1967) and steroid (Kimura
and Suzuki, 1967), These law molecular weight
proteins taks part in the transfer of electrans froa
KADH, to the enzymes catalyazing oxygen fixation into
tho substrate molecule. Since few ensymes which



10

hydrogylate the aromatic molecules have been purified,
it seems possidle that non-hemo protein partieipates in
the hydroxzylation of aromatie compounds.

Catechol and protocatechuie acid are metabolic
intermediates in tho microbial degradation of nany aroe
matic compounds, Consequently, these dihydrozylated
benzone derivatives have been the objects of intensive
investigation, Hoyaishi and Haghimoto (1950) isslated
an engyme, catechol~1,2-dioxygenase that catolyzed the
incorperation of mpolecular oxygen ints the eatechol
molecule. The reaction product was fdentified as cis,
els-muconic aeid. An annlogous reaction due to proto-
catechuic acid =3,h-dioxygenase was reported for the
netabolism of protocatechuic acid which resulted 4in the
forzation of [3 -carboxy cis, eis-muconic acid (Stanier
and Ingrahan, 1954). Doth dioxygenases have been purie
fiad and each containg Fo*** at 4ts active centre
{ Gibson, 1968),

An altemnntive enzymatic ¢leavage of catechol
vag reported by Dagley end Stopher (1959), The enzyme
is catechol-2,3=dioxygenase and the product is < <hydroxy-
muconic semialdehyde, Dagley gf al., (1960) also reported
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siziler type of reaction for protocatechuic acld,
This enzyme , protocatechuic acldeh,5-dinxygenape,
oxidized protacatechulc acld to o «hydroxy - { -
carboxy muconic senialdehyde, The engyne 16 cxtre-
mely sensitive to oxygen and 19 casily inectivated
in the presence of alr. Crystallised 2,3-dionygenase
cantaing Fe*® at 1ts active centre, Ornston end
Stanier ( 1966 ) have reinvestigated the metabolism
of these ring fission products. Thelr studies with
Pgeudononas rukida showed that the common inters
mediate, in tho seguence of rezetions initiated by
¢ntechol «t,2-3loxygenase and protocatechuic aclde
3-dionygenage wvas Peoxoadipile neld enol-lactone,
In addition, a now intermediate ommmd,‘zf =eardoxy
uuconolactone { ~ «2aThoxy = 4 - carboxy methyle Aﬁ -
Rutenalide ) wes 1::!enti.tied on the catabolice pathway
of protocatechuie acid, It i3 now egtiblishod that
the three resctions responsidle foar ths conversgion
of protocatechuic acid to PBeoxoadipic acid enol-
lactone are annlogous to the reactions utilized to
convert catechol to Peoxoadipie acid enol-lactone.
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The furthcr mstabolisn of ring figsion conpound results
in the formation of 2eoxos~h«hydroxyvaleric and forate
acids, The fapmesr subzoquently undergsos aldsl clsavage
to form pyruvie acid and acataldehyde { Dagley and
Giveon , 1969 ). —

Scope of the thesis - Tho materisl presonted within
thisz work is concerned with the gtudy of baetorial degra-
dation of bengaldehyde., Besnzaldehyde oceurs in the
bittor olmonde { Dhingra and Shuktla, 1947), Poctis

papposa ( Bradley and Hpagen, 19%9), Anise and fennel
oils ( Monod and Dorton, 1950 ). It is also reported
in the agle sex hormone of Apamea monoglypha

Leucamis impurg and Phlogophors meticulosa ( Aplin &

Bireh, 1968). In the subetropical frult plants,
Passiflora quadrangularis, and Bigmonia venusta, it 1s
known to stimulate the root formation { Trauvb , 1938).
Joshua gnd Skinner (1918) have reported that it reduces
the yleld of vheat crop. The effsct was very marked

vhen the concentration of nitrite was higher than the
potassiuz ions and phosphorus pentSoxide. It is believed
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that benzaldohyde reduces the absopption of growth
factors, Verious workers have also reported its haraful
effects on the animals. Ju zikrs densaldehyde has a
local anaesthetlc offect because Lt relaxes the tonus
and inhibite the contraction of smgoth musecle., It has
an antiseptic affect on bacteriz (Macht, 1919 ¢ 1922
Alves , 1940 ), The injections, of bengaldehyde in
dogs and rabbits, deorense their blood prassure and
respiration { Uingard. et gl., 1995 § Ronano gk al.,
195% ). The urine of injected doé contained hippuric
acid vhereas omithuric acid was isolnted Crom the
sxcrota of injected fowls 6brawdlo & Sherwin, 1923 j
and Sherwin & Crowdle, 1922 ).

Benzaldehyde also has the antigenic proper-
ties, The horse serum, shoked with benzaldehyde, when
injected to a group of rabbits, produced an antigera
vhich gave prscipitin reactions with normal and benzale
dehyds trasted horse gerum, Some[a‘lso gave reactions
with normal sera from man and other common experimon-
tal species { Mutsamrs and Robert, 1939 ). In the
vapour phase 18 well ag solution, it is toxic to
invertebrates like Paranecia, nematodes, earthworas



and fites ( Moore, 1917 3 Deadkin, 1953 ). It has
beon used as a repellent to honey bees (Papadopoulo,
1966), It is also used in vapour phase to control
the molding in closed containors (Geheffer and
Catherine, 1546 3§ Oalloway, 1992 ).

A 8090 fold purifieation, of bengaldehyde
dehydrogenace, has been achieved froax the strain of
Pgeudomonas fluorsgcens ( Stachow gt gl. s 1967 ),

The human liver aldehyde oxidase was strongly inhibi-

ted when bengaldehyde was used as the substrats (Johns,
1967 ) but from the pig liver, the pldehyde oxidose has
been purified by using benzaldehyde as the subgtrate

{ Ando, 1966 ). Benszaldehyde does not inhibit benzoic
acid oxidase, However, its derivatives, such as bengal-
dehyde thiossaicarbazone, inhibited the activity of the
engyme { Tomesanyl gt al. » 1958 ). Bensaldenyde
conpetitively inhibited glutenie dohydrogenase, by
competing both with the gubstrate end MAD* (Yoshida, 1959).

It 1s apparent from the 1iterature survey
that no serious attempt has yet deen made to study the
bacterial pathway for the degradation of bongaldehyde.
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1t 4s not yet ¢lear in what way the bensaldehyde using
organism would ozidativaxy cleave its aramatié ring.
To throv more 1ight on this aspect an Achromobacter sp.,

capabie of utilizing benszeldehyde as gole source of
earbon, hao been igolated from the soll. This work
deals with tho gtudies on the bacterial degradation of
benzaldehyde. ‘The data presented Qravids pufficient
clue to tho roaction sequence through which benzaldehyde
and related compsunds ere utilized by the organiom for
the diverse procesges associanted with their metabolisn.



V. EXPERIMENTAL
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1~MATERIALS

Chentcals « Teehnical Bsnzapldehyde of BUSH wae

purified and stabilized by hydroquinone as deseribed

(Vogol, 1959)s The following chiemicals were obtained
“_coﬁﬁereiallk and uged without further purification: _

| NAD*, NADP® , puromyein dihydrochloride
{ Sigma chemipnl Company , J.S.he )3 HADH , HADPH ,
O-nitrobengote acid { BDH, England )¢ Chloraasphenticol
(Parke, Davis & Co Ltd.) 3 erystalline bovine gerum
albunin { ¥Mann Research Laboratories, J.S5.h.)jstandard
bactariaiogiaal media { Difeo Loboratories, Michigan)s
silien gel @ ( 5. Merck, Cermany ).

Speeial reagents and chemienls were propared
as descrided,

Peroxide~froe sther . one 11tro of ether was

vigorously shaken in a separating funnel with 20 ml of
conc.ferrous gulphate solution ( to 60 gm of erysta~
iline ferrous sulphate was added 6,0 ml of cone, sul=
phuric acid and 110 ml of water )» The cther layer



18

was separated and anhydrous calcium chloride added.
After 2b hourg, the ather was filtered, and kopt
overnight over sodiun wive ( Vogel, 1959).

To tost that the ether thus obtained 1g
peroxide=~{roo, o small volude of ethor was sheken with
—gn equal volume of 22 peotascsium lodide and few drops of
dilute hydroehloriec acid., The appearance of Blue colour
on addition of a few drops of 1% (VW/V) starch golution
indientos the contanination of ether with peroxide

(Vogel, 19591,

Aleohol = For the colorimetriec ostimation of benzal-
dehyde, 1%t was found necessary to remove the tracss of
aldehyde impurities from the aleohol used for preparation
of 1.5 § Ba0H . Tho alcohol was kept overnipght on XOH
pollets ( 500 pom / it ) and refluxed for six hours
before distillation,

2,4-Dinitrophenyl hydrazone =  The 2,%~-dinitrophenyl-
hydrozone of bengaldehyde wap prepared as dexeribed
( Shriner gt al., 1960). O.% gn of 2ik-dinitrophenyl -
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hydragine was added to 2 ml of conc. sulphurie acid
and 3 m) water was added dropwiss with stirring until
solution was complete, To this warm solution was
added 10 ml of 957 ethanol and 0.5 ml bonzaldsityde
dissolved in 20 ml of 95% ethanol., The resulting
nixture was alloved to stand for 30 minutes ;t OO
temporature, Crystallisation of a,h-dinitropm;ayl -
hydragone oceured in about 15 minutes, The hydrezone
wag recrysteliised from 95% ethanol ( Obgerved nm.p. =
236=237° ( uneorrected ) 3 reported o.p. = 237°

{ uncorrected ).

2 = ANALYTICAL UETIIODS

Bengaldehyde 2ib-dinitrophenyl hydragone » To quan~

titate the agmount of benzaldehyde taken for various
sxpariments, the prepared bdonseldehyde solution wes
assayed by the method of Friedmann & Haugen { 1943 ).
1%.3 mg of the prepared hydrazone of benszaldehyde
dissolved in 3 wl of ethyl ncetate and the final volums
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made to 250 ol with 997 ethanol (0.2 m moles hydrazone/
ml ), was ugod as working standard, To an aliquat
containing O = 0.3 p moles of hydragone in 2 ml of 95%
ethanol wae added 5 ml of 1.5 I NaOH., After 15
ainutes the optieal donsity was recorded against the
reagent blank in an AIMIL Biochem Absorptiometer using
No.52 filter (500 - 540 mp ) ( Fig. 1 ).

Proteins -~ Bovine serum albunin solution was used

as standard protein, It was estimated by the methsd of
Lowry et al..{1951). To 1 ml of sample containing upto
180 ug prb:attin‘ vags added 5 ml of alkaline copper reagent
( comprising of equal volumes of 8% sodium carbauate
and a solution of 0.3 gm copper sulph~te, 0,6 g
flochelle salt 4n a total volume of 500 ml ). After 10
minutes at room temperature, 0,5 ml of dfluted Folin
resgent ( 1 X ) was gdded, The ¢olour was read sfter
30 ainutes in AIMIL Blochen Absorptiometor using filter
No,70 ( 630 mp » 750 mn ) against the reagent blank
prapared gimilarly except that water replaced the pro-
tein solution ( Fig, 2 ).


file:///fith
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p=Oxoadipate = It was estimatef dy the eatalytie
decarboxylation method of Sistronm and Stanter (1953).
0.1 bmaninoaniipyrin was preparsd in 0.1 acotate
vuffer of pil %.0. A suitable aliquot of the sdlution
containing P~Oxoadipate was taken in a Werburg flask
to waieh was tipped 0,1 ml acotic acid and O 20 of
0. ] Y=aninoantipyrin from the side arm. The earbon
dioxide liberated was moasured by direct method of
Warburg. To further confira the nresence of Beoxodi-
pate, Rothere tost was performed, The incubation mix-
ture was seturnted with auzneniun sulphate followed Ly
3 drops of concentratei anannium hyidroxide and few
drope of 5% sodiun nitroprusside. The development of
the permanganate tinge is the indiecation of positive
test ( Hawk gt al., 1948),
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3 ~ CULTURE MEDIA

Egch 1itre of mineral salt medium (Medium A)
used for the $solation of the organism had the follow-
ing compositions

RoHFO, 1415 gn
Ny, 50y cer 1.00 ga
KiaPO, oo 0,0638m
MgS0Y,.7Ha0 eus 0,04 gn
NaCl “ne 0.02 gn
Foli0y. 7820 sos 0,02 g
MnE0y, .ee 0.02 gn

Soil Bgtract (508 w/¥) .se 100 mli
The pH of the solution was 7 .



Each 1itre of ainoral salt mediws ( Medfun B ) used
for growth of the orgenism had the following cunpo-
sition and 12 zimilar $o that used by Bvans (¥947).

(NEy, )AB0,, >se 1.0 g
Kofl PO, L 0.5 gn
_Hgé03_ ;.. 0.5 gm
CaCly v Ost gm
¥aCl aes 0.9 gm
FoCly oo 0.01gn

801l Extract (508 w/¥) «s. 100 ol
The pH of the solution was 7.0

Initially wvhon the cells were not fully adapted to
benzaldehyde the addition of soil extraect was found
beneficigl. However after complete adaptation $t wns
not added as 1%t had no effsot on the grouth of thae
organisa,



¢4)

(41)

(131)

(4v)

(v)

(vi)

(vil)

b « PREPARATION OF MEDIA FOR GROWIH

Hutrient broth - It was prepared by
diasolving 8 gm dehydrated nutrient broth (5 gm

peptone and 3 ga beef sxtract ) in 1000 ml of

- watey,

Rutrient Agar =~ 21 agar was added to
nutrient broth. ‘

Bengaldehyde broth -« ,05¢ (v/v) Benzal~
dehyde wvas andded to medius B,

Bengoate broth ~ 0,05% (w/v) benzoats was
dissolved in the medium B,

-p-Hydroxybenzoate broth - 0.05% (w/v)

p=hydroxybengoate was dissolved in ths medium B,

n-Hydroxy benzoate broth - 0.,05% (w/v)
m-hydroxy bengoate was added in the mediwm B,

Adipate broth -~ (,05% (w/v) ndipate vas
dissolved in the medius B.

26



(vii.:l).

(1x)

(=)

(x1)

(=41)

(x113)

tained on nutrient-agar slants at 4%, PFresh transfers

Succingte broth « 0,058 (w/v) succinate
was digsolved in the medium B,

Acotate broth =~ o 058 (w/v) acotats was
digsolved in the medium B,

Bengaldehyde Agar ~ 27 agar was added to
bongzaldehyde broth.

Potato Agar - 100 gm of cleaned potato

pieces were added to 300 ol water and gteamed

in an autoclavs for one hour, The potats
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extract was filtersd through cotton and diluted

to one 1itre with distilled water, 25 agar
vas added.

Rutriont Gelatin -~ It was preparod by dissol-
ving 120 go of golatin in one litre of nutrient

broth,

Glugose broth - 0,059 glucose (w/iv) was
disgolved in medium B,

5 = VAINTEHANCE OF CULTURES

The stock cultures of the organism were maine
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of th® slants miv& ad@ ariiy fortiiigdfc. ThB orgtnisii
could bo kept for longer period® at k™»

For tte» preparatioa sf Inoculiis for metat”ollc
studiosf the orgaRlan wes transferared frwi th® jiutrient-
aga® slants to tfea apppc’riate iaS«la as iMlcated*
UomvQT for |tSfttifi6atlofi plippogesd Urninoe™m was
PWRpatd froi u«tri«nt»broth grmm c®lls»

i, «jflgNNYINACT oM, YHOREIAMps

B@ &tminin$ procedures used for tHe idttiti*
flcaticm of #wO orgsudaa h&vm baen <tesonbod (P@Itior
£&SI*i MW )*  All additional media «<©d in the [dOn»
tifieation of tim organiga wort prepared as described
in "Hanud of Methods for Pnr” Ciiltiira Stu~ of Bacteria®*
published by tUt Society of Aaerlcig Bacteriologists
(1950).



