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-CHAPTER I
INTRODUCTION

The fact that nitrate nitrogen is assimilated by plants and micro-
oréqnisns has been known for a long time. The primary step in the utili-
zation of nitrate nitrogen is its reduction. The reduction proeess and
the actual assimilation are so closely associated that the chemical iden-
tification of the reduced intermediates is very difficult. It has, how-
ever, been possiﬁle to note in different organisms the formation of .
nitrite, a passing occurrence of hydroxylamine or oxime, and ammonia as
possible intermediates in nitrate reduction.

The first and,moét easily recognized reduction product is nitrite.
Although present in small amounts, many observers have reported the oc-
currence of nitrites in higher plants as well as in micreeorganisms.
Steward and Street (50) reperted the:presence.of'nitrite in leguneg, and
Rautenan (38) detected traces of nitfite in the medium when pea plants
were growing on nitrate as nitrogen source. Kumada (22) found that ni-
trate was converted into nitrite in seed embryos of higher plants. The
reduction of nitrate to nitrite has also been noted in green algae (17),

dlostridium welchii (16) and many other anaerobic (63) and aerobic organ-

isms (54). Krasna and Rittenberg (20) have shown that both whole cells
and extracts of Proteus wulgaris catalyze the reduction of nitrate to ni-

trite in the presence of molecular hydrogen. Nicholas and Nason (32) wun™

were able tp prepare.a soluble nitrate,reductasekﬁﬁni.Escherichia coli



which catalyzed the reduction of aitrate to nitrite by reduced diphos-
phopyridine nucleotide. A discussion of the properties of the enzyme
system involyed in the formationm of nitrite fraﬁ mitrate by Ba_cterium
coli was given by Yamagata (66).

Nitrate reductases were also prepafed from tomato leaves by:
Eckersen (9), from seybeam leaves by Lemoigne et gl. (23) aad from
soybean nedules (30). These facts %onfi‘rm the belief that n__it:jite
apparently is the firat imtermediate in the biochemical reduction of
nitrate,

The formation of ammenia mitrogen as a result of nitrate reductioa
has also been established with differemt orgamisms. Bach and Desbordes
(3) obberved that whem Aspergillus was maiatained om am acid ,medium,
mitrate .dis,appearad with the formatiom of ammonia im equimoiar amounts.
Ammonia productien in nitrate media was aleso noted im Escherichia coli
(2, 19), %.oreua and Azgtobacter (60) amd higher plants (35, 38).
Wogde (63) reported Cloatridium welchii was also capable of reducing

nitrate to ammonia with the aid of molecular hydrogem. By using w3

,uo,tope_,‘ ammonia has been identified as a product of aitrate reductien

An Bestec muscorum (27), Bacillus gubtilis (13); and Pagtdomonas fluor~ -
escens _(31).’, The comparative utilization of ammonia versus nitrate
also ailpports this postulatiom. Pratt et al. (35) reported that cells

of _c_&_;;lpfgila vulgaris seem to show preferential absorption of emmonium

fens in the presemce of nitrate., Lewis and Hinahe,lwo@dk (24) compared
the rate of utilizatiom of ammomia by coliform bacteria with the rate
of ammonia formatiom from mitrate, The results imdicated that while
ammonia was being utilized by the cells, the reduction of nitrate and

nitrite was imhibited. The addition of ammonia to a eulture of Bag ‘.’t,e‘rilum"
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.,-lat_c,t;is aerogenes regults iaau almest complete imhibition of nitrite re-

moval and reductien does mot commence until the ammonia cencentratiom
becomes megligible. The above studies support the imtermediate role of
qunia in nitrate reduction.

Since the reduction of nitrate apparently passes through ammbnia,
the actual assimilation may take place through the reaction of ammonia
with members of the tricarboxylic acid cycle to form amino acids.
mihva et al. (18) reported the formation of glutamic acid from

a-ketaglutaric acid and aspartic acid from malic acid ia Egcheri;hia cold.

Kritsman et al. (21) shewed that emzyme preparatioms from Bacillus _;l_uﬁ-’
tilis formed amino acids from ammonia amd a-keto acids. Similar reports
Anclude those of Nisman et al. (33) and Yakabsmtj et al. (65). A com~
plete review may be found in Virtanen and Rautanen's book (60).

While the formation of ammomium nitrogem during mitrate reductiom
18 evideat, there are many fimdiags which reveal that hydroxylamine or
oxime nitrogen is alse formed im the assimilation of nitrate. As early
as 1884 Meyer and Schulze (29) advanced the hypothesis that hydrexyla~
mine i8 an active intermediate im the assimilation of mitrate amd that
oximes are primary organic compeunds formed im assimilatiem. Lindsey
and Rhimes (25) found hydrexylamine in several bacterial solutioms con-
tainimg nitrate as nitrogem squrce. Wirth and Nerd (61, 62) found this
¢ompound im Fusarium during nitrate assimilatiom. Evidemce for the
oceurrence of hydroxylamine as am intermediate im the reductionm of ni~

trate was also found im Clestridium welchii by Weeda (63) and im a

‘halo~resistant bacterium by Egami et al. (10). ~Stew§rd and Street (49)
reported bath free and beund forms in greem plgm.‘



Since hydroxylamine 1is se highly toxic to the eell, it is, indesd,
unlikely that analyzable amoumts of free hydroxylsmine will accumulate
An cells. Lewis and Hinshelwosd (24) reported that the additica of hy-
droxylamine to the medium imhibited growth of coli bacteria completely,
and that growth resumed qu.}.y after hydroxylamine gradually disappeared.
Aso et al. (1) demanstrated the formation of hydrexylamine as an inter-
mediate product in the reductign of mitrite im Azotobacter, During en-
symatic atudies om nitrate amd nitrite mutants of Reurespora, Silvers
and McElroy (43) postulated a pyridexal phosphate tie-up of the free
hydroxylamine resultimg im oxime production. This could, posaibly,
accogunt for greater fermatioms of hydroxylamine eccurrimg but not being
detected in the media. Virtaner and Csaky (58) neted the formation of

sxime when nitrate was the nitrogen mutrient with Terula, Rhizobium,

and Ametobacter. With Terula the formatien of oxfme was especially
rapid. Im vigorously aerated yeast cultures themx:lmm oxime fore
mation was reached wiEhin 10 minutes, then a marked decrease took
place, The oxime was not detected im short term experiment in am-
mniun salt solution. Im view of these observations it seems that
oxime nitrogen is gemerally formed im the reduction of git'ra_._te\.
Virtamen and Jirvimen (59) have investigated the veloeity of oxime

formation with suspensions of Aibggbacte.r vinelandii in parallel

expariments with molecular aitregen, mitrate, and ammonium as the N
ssurce., The formatiom was slowest from ammguium. These resulte
support the opimien that oxime nitregem does not result frem oxiu; :
tion of ammonia in N, fixatios.

From a s,tq‘ly of the comparative effectiveness of various in-

hibitors on gqmmonia versus mitrate assimilatian, Ceaky (7) concluded



that in the case of Ag@tqbacter, the assimilation of nitrate does
not necessarily proceed through ammonia; However, Novak and Wilson
(34) were unable to show that Azqtobacter could use the oximes of
pyruvic, oxaloacetic, and ketoglutaric acids for its aitrogen nutri-
tion. They consider this finding to prove that these eximes as well
as hydroxylamine canmot be of significance in N assimilation by Azo-
_tobacter, Regardless of the above findings in Azetobacter, positive
assimilation of oxime N has been reported for various organisms.
Maurer (28) showed the.biochemical reduction of pyruvic oxime to ala~
niﬁg in fermenting yeast culture. Virtanen (56) found that peas
assimilate some oximino succimic acid in sterile cultures. Wood et
5&, (64) reported that green plants are able to grow on oximes of

pyruvic, ketoglutaric amd oxaloacetic acids. Rphenhlum and Wilson

(39) found that Clostridium pagsteurisnum can utilize oximes. Quastel
et al. (37) reported that pyruvic oxime was utilized by soil bacteria.
These results support the opinion that hydroxylamine is an intermediate
in the pathway of nitrate reduction and oximes are primary organic com-
pounds formed in assimilatien. Hnué&er, formation of small amount of
oxgme N does not prnve‘thaf hydroxylamine as such is an important factor
in the syntheais of amino acids. The realization :hqt hydroxylamine
ggnefally.reacts with compounds containing the CO group and that a spe-
cific enzyme is not known to catalyze the reaction of hydroxylamine with
some a-keto acids, e.g. oxaloacetic acid, gives caguse to doubt that hy~
droxylamine plays a significant role in amino acid synthesis (57). It
may rather be expected to be reduced to ammonia should it be formed as
an intevmediate and to combine with the CO group omly in case its re~-

duction for some reasom .is not rapid enough. Oxime, then, may arise as
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an ..iui&nificqat by-preduct. The existence of a méw énzyme "ﬁydfekyl’-
amino Reducta;e“ which catalyzed the réd/ucticu of hydroxylamine to
ammonia was ¢anfirmed by Taniguchi et gl (52, 53) in their studies
on cell-free enzyme systems from a halo-téleramt bacterium,

In order to renmv,é seﬁne of the controversy that has been raised
on hydroxylamine, nrmttc nitro analogs have been st:udied. reéeat‘l’y.
Altheugh the adoption ef this model 1is purpesed to elimimate the toxie
effect ds Wwell as to imcrease stability of the hydroxylamine lhropb, the
ovgf-all Ohiective would be the ciariﬁ.catiqn of the entire nitrate re~
duction pathway. ,

The amtibiotic Chloramphemicol was féund to be reduced to the cor-
responding amine by imcteria (44). Greenville amd Steim (12) shewed
that va:iq‘#s entymes were cquble of reducing Jdn;tmphaml when the
reaction was pérmitted to occur on suitable substrates. Bray et al.

(4) found that 2:3:4:5-tetrachlorcnitrobenzens and p-nitrobenkoic acid
were reduced rapidly to their corresponding amines in rabbit ,:Lut:estiné.
Micrebialegical studies indicate that the reduction is bacterial ia
origin., Among other cempounds tested, aitrobenzeme, nnuiti‘nahmi and
o=, m~ an.d p-nitrobenzoic acids a,nd their amides were also réﬂ_uced at
similar rates. The reduction of nitrobenzoic acﬂn and amides by liver,
kidneys, heért, muscle, lung, testicles and spleea were found to reducé
p-aitrophenol ia the above order.

The stepwise reductiom of mitro- and nitrgam-. cmppunds of chlﬂox“-
emphenicol and p-nitrobemzoic acid to their correspondisg amine com-
pounds was cqnfime& by the enzymatic study by Egami (L1) with a ¢ .0 -

reductase preparation from hemalytic streptocci.



Yamagata.gg_gk.v(GB)‘used cell-free enzyme preparations from a
halo~tolerant bacterium which catalyzed the reduction of o-nitreso-
and o-hydroxylaminobenzoic acids to danthranilic acid by leucomethylene
blue or by a dehydrogenase system in the presence of a H carriér. From
studies of reaction velocities and paper chromatography of reaction mix-

tures, the fallowing scheme of reduction was pioppséd:
Arylaitro---3>Arylnitrogo~--->Arylhydroxylamino-~~=>Arylamino

In other experiments the nitro-reductase from Bacillus pumilus was

shown to catalyze the reduction of nitroe:to amino compound similar to

the nitrate reduction:
nitro compounds<---nitro-reductase(-~--dye<<--dehydrogenase<t--H danor

From experiments on competition studies, it was found that nitro-reductase
was not identical with nitrite reductase (67).

The cell~-free extractskof Escherichia coli were found to reduce the

nitro groups of chloramphenicol and p-nitrobenzoic acid when L-cysteine
(specific) and DPN and L-malete were present, and the enzyme complex re-
ducing organic nitro groups was probably nqt the same as those reducing
inorganic nitrate and nitrite (4l1). Other experimeats showed that DPN
and L-malate can be replaced by DPNH (42). 1In enzymatic studies of a
partially purified emzyme preparation from Neurospors (70), m-dinditroben-
zene was reduced to nitro anilime by this enzyme preparation and reduced

nucleqtides as exemplified below::

/ NO, RO, NO, / \N02
\ /02 NO NHOH \ JNHz



Nitrophepylhydroxylamine has beem crystallized amd identified as anm
~ intermediate in the reductiem of dimitrobenzene.
Young (69) studied the biachemical reductiom of o~mitrebenzoic

acid by a Flavobacterium 8p. Quantitative tests revealed the presemce

of a.romut_ic-hydrexylamine compounds in the m@gdia of rapidly growing
eultures of this organism utilizing o-nitr@hguoic acid as the carbon
and nitregem source. The fact that the aromatic hydroxylamino concem-
tration rose to a peak amd subsequently was depleted, was regarded as
indicative of a further breakdown of this compound by the same organism,
This assumption may be correct pravided there 1s no chemical or other
unexpected influemce, .howe_v.er, ene must bear in mind that the depletion
of aromatic hydroxylamime may also be caused by the active agasimilation
of the aromatic hydroxylamime group at this stage.

Unfortunately, controversy appeared when attempts were made to
clarify the iatermediate role of amthranilic acid im the assimilation

of o~mitrobemzoic acid. Young demomstrated the presence of very small

amounts of arematic amime im the medium where Flavobacterium sp. was
grown or o~nitrobenzoic acid as sole source of nitrogem amd carbonm.

The preferendial utilization of anthramilic acid versus o-hydroxylamime
benzoic acid led to the suggestion of the possibility of anthranilic
acid as ,t.heAult_im,te Antermediate im the reductiemn of e-mitrobenzoic
acid. Durham and Gee (8) were unable to implicate anthramilic acid

as an intermediate im the biachemical reductiom of s-mitrabemzoic

acid by the Flavobacterium sp. when employing "simultaneous adaptatiomn”.

Study was, therefore, initiated to umcever the bigchemical mechanism(s)
_af the reduction and assimilation of o-nitrobemzeic acid by the 'Elavo-

bacterfum sp. with the hepe that the kmowledge foumd would comtribute



to a clarification of the caontroversy raised in the p(i‘evio,us work
and elucidating more cempletely the imorgamic mitrate reductive

pathway(s) of bact,e'd'pin.



CHAPTER I1I
'MATERIALS AND METHODS

Orgamism: A bacterium capable of rapid growth on o~mitrcbenzoic acid
as the sole source of organic carbon and nitrogen, was isolated from
the soil by enrichment technique. This organism was cultured and ten-

tatively identified as a member of the genus Flavobaeter{gm‘by nurhgﬁ

and Gee (8). Staining and microscopic examinations showed the célls.to
be Gram negative short rods. An experiment om the assimilation of vari-
oua,nitrogén sources showed that the organism preferred inorganic Nﬂziu
te Nqékn;or NOy-N (see Chapter ITI). Optimum temperature, biochemical
reactions, and other conditions of growth were determined previously

(8, 69), Rapid growth has been observed at 37° C on surface of agar
medium and in aerated liquid cultures. Stock and subcultures uefe car-
ried on a synthetic agar medium containing o-nitrebenzoic acid as the

sole saurce of organic carbon and nitrogen.

M/100 phosphate buffer solutiom: The compositiom of the M/100 phos-

phate buffer solution consists of 0.4 ml of 13,6% KH,POy aid 0.6 il.
of 1744z,x§né04 solution im/IOO,ui of distilled watar,‘ The final pH

of the:buffer reada 7.2,

Mineral salts sglutiom: The mimeral salts solution used throughout
this study consists of MgSQ,:7H,0, 5.0 g.; MnSO,°Hy0, 0.1 g.; FecL3,

1.0 g.; and CaClp, 0.5 g. im 100 ml of distilled water.

10
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Synthetic media: The lyuthgtie médium used to carry stock cultures of

Flavécht.ertg 8p. has the following compositiem: Nacl, 0.2 g.; m;zro"f
0,32 8.5 KpHPO,, ,,0.2+2 g.; and 0,1 ml of the mimeral salts solution im
100 ml of distilled water. Ortho-nitrebenzoic acid was incorporated
into the medium as a 8ole source of organic carbon and nitrogen at a
final concentration of 0.1%. Agar (2%)was added as the solidifying
agent. Sterilization was fulfilled by autoclavimg for 13 min, under |
15 1b./tn.2 of pressure (at 240 to 250° F),

The above medium was used as the basic formula to compose media
for growing cells enzymatically adapted to various cmpqﬁnds. When
cells adapted to a differeat compound were needed, the o<mitrobenszoic
acid was replaced by an equal amount of desired compound,

Gells unadapted to arpmatic nitrogen campounfis were grown on the
aynthqt;c medium with 0.1% asparagine replaciang the o-nitrabenzoic acid
and 0.1% NH,Cl to serve as an additienal nitrogen Aup‘pl-y.:, NHAGI was
also used as an inorgamic nitrogea sgurce when the cempound used as a
carben source lacked an erganic mitrogencus group, Salicylic acid
and amthrani{lic akid were used in 0.05% of concn. to aveid the unfavor-

able dépressive effect on the organism.

Growth of cells: Cells were transferred from .Tv'tkﬁ;e stack culture and

Ainoculated by spreading aon surface of agar media ia Petri dishes, ia-
cubated at 37° C and harvested immediately after rapid growth was ap-
pareat. The time of harvegst varles with substrates upom which the cells

are growm.

P}:&patﬁtiqﬁ; of cell suspensions: The cell suspensigns used in mexo-

metric studies were prepared by harvesting the properly grown cells on
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8s0lid agar plates with M/100 phesphate buffer selutiom, centrifugating
Lo .réﬁnve aup.émtut » washing twice and resuspending in the buffer.

The turbidity of the suspenaim was u.n@lj,us,ted-; however, heavy suspen-
| sions with % transmittance not higher tham 57 at a wave length of 525mu

uptake

in the B. and L "Spectromic 20" were observed to imsure rapid 0,

for successful manometric readings.

Mathod of study: Simultameous adaptation (45) was the principal

method of investigationm.

All respirometric experimemts were perfermed im the Warburg appa~
ratus (55) at a temperature of 30° C with air as the gas phase. Each
flagk contains 2 ml of the cell suspemsion in the main chamber, 0.2 ml
of 207% KOH in the central well and four micromegles of substrate in the
s8ide arm, When o-nitresobemzoic acid was used as substrate, due to its
extreme imstahility im solutiom, approximately 0.5 mg of its crystal
was placed in the side am of the flask. o-Hydrsxylamime benzoic acid
was supplied by the Bepartmeat of Agricultural Chemistry of this Insti-
tute, Other chemicals were obtained commercially,

Tabulatien of experimemt al data: The experimeatal data hasebeen 111agd
trated graphically in Chapter TII. The actual dats A% iancluded in tabu-

lar ferm in the asppendix. All mangmetric data have beem corrected for

their endogenous respiration.



CHAPTER TII
RESULTS AND DISCUSSIONS

Assimilation of inargamic nmitrogem source: A prelimimary experiment

on the asgimilation of different nitrogen sources was conducted by

compariag the growth of F_lavqba_ctverium Bp. in a liquid syathetic
enitrobenzoic acid medium with that obtained im the same medium with

benzoic acid and either Tmc_l, RaRO; or NaNO, replacimg the o-nitre-~

2
‘benzoic acid * an equimglar Basis. A medium in which glucose and
N#,Cl replaced nitrebemzoic acid &8 a source of C and N was also in-
e¢luded to compare the accessibility ef glucose varsus o~mitrobenzoic
acid and bemroic acid.

Seed cultures were growm oa synthetic medium alants and suspen-
sions were prepared aseptically following the same precedure as pre-
paration of emmymatically asdapted cell suspensiens as described in
Chapter II. The final turbidity was adjusted to 50% trangmittance
uaing 525mu wave length om the B amd L ."Spectraonic 20" celorimeter.
A standard imoculum comsisting of 0.2 ml ef zlu.s cell isuape‘uinn
was imoculated into flasks ,mtaiuing 100 ml1 of medium,

The growth studies were conducted at rogm temperature im dupli-
cate with one set being incubated om the rotary shgker amd the other
set under static conditioms. Plate counts and turbidity readings
were made at differeat time intervals. The resulfs of this study

are given in Figures 1, 2, 3, 4, and in Tables I and IT of the Appemdix.

13
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.Fig. 1, The Grgwmth of ShakEn Cultures of Flavobactcrium . in
ﬂpdia Gontaining Hifferent Nitregen amd Barbqn irces.




% TRANSMITTANCE

1007

15

» Oo-nitrobenzoic acid

90-

80

70+

60

50+

A
SL\\\; ° NaN03 4 benzoic acid

A NaNOZ + benzoic acid

A NH4CI + benzoic acid

DNH4Cl + glucose

40
0

Fig., 2.

o 19 = 38 48 72
TIME IN HOURS

The Growth of Static Cultureiof Flavobacterium sp. in Media
Containing Different Nitrogen and Carbon Sources.
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The Viable Cell Count of Shaken Cultures of Flavobacterium sp.

in Media Containing Different Nitrogen and Carbon Sources.
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These déta indicate that the micraoorganisms grown an h-nitrqbenzoig
acid utilize this compound amd NH,Cl as a mitrogen seurce more readily
than NaNQ3 anﬁ NaNO,. Glucose seems to be less favorable tham o~
nitrobenzoic acid and bemzoic acid as a carbon squrce for thia;ﬁicra-
organism. ' Vigorous shaking is necessary for abundant grewth in liq;;d
media.

In accardance with the above findings, NH;Cl was used as the source
of nitrogen in the media for growimg differemt emzymatically adapted
cells when the compound used as carbon source did not contain a nitfqp

gemous group.

Studies_gg_the adag;ive‘enzymes formation: The experimental method

used in this qtudy,ia,b;ned on the simultaneous adaptation technique
:prapoged by Stanier (45). The theory of that technique is as follows:
,accc;ding,to,the Kluyverian axiom every diasiﬁilation is the result of

’ | .
a series of simple step reactions. It follows that complete reduction
of evan a small organic molecule will involve the formatiom of a number
of intermediate compounds. Im the case of micraorgaaisms the further
probability exists that at least some of the intermediate will be
attacked by adaptive emzymes. On the general theory of adaptivity, cells
adapted to attack the primary substrate should be adapted simultameously
to attack all of the imtermediates formed during the reduction of the
parent compoumd, but mot te attack o;her_s;bgtances which fail to par-
ticipate im the aver-all reductiom process im questiom. Thus by graqiag
gells on the primary eampound ér on asgumed intermediates and then test-
img for adaptation te related substances, one shauld be able to obtain
convincing evidence of whether or mot asgumed imtermediates do actually

otcur, teogether with imformation about theéir positiom im the reaction chain.
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Accordingly, suspensions of cells enzymatically adapted to various
campounds by growing the cells on the particular compound as a sole
source of nitrogen and/or carbon were prepared. Simultaneous adaptatiom
of the cells to various éalpnundS«was fa@lowed by ebserving the oxygen
uptake when the cells were exposed to different substrates in the War-
burg apparatus.

Since a prerequisite for applying Stanier's theory is that the
intermediates in doubt should be attacked by adaptive enzymes, an ex-
perimknt was conducted to study the adaptive enzyme formatien of the
organism when exposed to different compounds. Results of this experi-
ment were shown in Figures 5, 6, and 7, and in Table III. These data

show that the Flavobacterium sp. forms adaptive enzymes to attack o-

nitrebénzoic acid, o-hydroxylamine benzeic acid, anthramilic acid,
salicylic acid, protocatechuic acid, benzoic acid, catechel, o-nitre~
benzalcohol and o-#itrnanphennl. Compounds such as o-nitrophenol,
o-aminophenol , c:ﬁitrobenzaldehydh, 2,4-dihydroxybenzeic acid, 2,4~
dinitréphennl, aniline and nitrosoéﬁﬁenyl-hydroxylanine are not en-
zymatically attacked by this microerganism. Data on o-nitresobenzeic
acid is lacking in this experiment; however, from the following experi-
ments sufficlent evidemce is obtained which shows that this compound is

also attacked by an adaptive enzyme in this organism.

Adaptation studies for Flavebacterium sp. growwn en o-mitrobenzeic acidf
: { .
The compounds which are attacked by adaptive enzyme systems of

Flayobacterium sp. were them tested with the organism grown on o-

nitrobenzoic acid as a sele source of nitrogen and carben to determine

their possible intermediate role. Experiments were executed under the
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same conditions as the imitial experiment with cells grown on aspara-
gine. A representative set of results of these experiments are showm
in Figures 8 and 9, and tabulated in Table IV. These data shew that
o-nitrobenzoic acid, o-nitresobenzoic acid ard o-hydroxylamino benzoic
acid are attackedvsiuuléaneously by o-nitroberzoic acid grown cells
which strongly suggest fhat these compounds are possible intermediates
in the reductier pathway of o-mitrobenzoic acid. Amthranilic acid,
salicylic acid, protocatechuic acid, benzoic acid, catechol, o~-nitre-
benzalcohol and o-nitrosophenol are mot attacked similtdnesusly by

the o-nitrobenzoic acid grown cells, thus indicatimg that these com-
pounds camnot be a primcipal imtermediaté.in the dissimilation of o-
nitrobenzoic acid.

The finding that anthranilic acid does not appear to be inter-
mediate in the dissimilative pathway of o-nitrobenzoic is in opposi-
tion to the work of Yeung (69) dnd Lively (26). This, tegether with
the rather short lag?périod required for adaptatien to protocatechuic

acid by the o-nitrobenzoic acid grown organism, merits further study

in this regard.

§§udies on the ultraviolet irradiated cells of Flavebacterium sp.

grown on o-nitrobemzoic acid: Ultraviolet irradiation, at aprro-
priate intensities; has been shown to imhibit the imduction of
enzymatic biosynthesis without affecting the activity of pre-
existing enzymes im various microorganiems (6, 15, 51). Experi-
ments were, therefore, conducted to study the adaptive utilization
of various compounds by the ultraviolet irradiated e-ritrobenzoic

acid grown cells,
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Cells grown om o-mitrobenzoic acid were suspended in a phosphate
buffer solution, placed in a petri dish;, and exposed te a 15 watt Gen-
eral Electric Germicidal Lamp for 10 minutes. The distance from the
lamp to the cells was 25 cms, After treatment, ﬁie irradiated cells
and the non-irradiated controls were added to Warburg flasks, and
oxygen consumption was measured as previously described. Results of
this experiment are shown in Figures 10 and 11, and in Table V. These
data show that the blosynthesis of adaptive enzymes tro attack anthra-
mnilic acid and pretecatechuic acid are inhibited éanpletely by the
ultraviolet irradiatiem at the employed intemsity while the pre-
exidfiﬁg eﬁZynea that attack o-mitrobenzoic acid, e-nitrosobenzoic
acid and o-hydroxylaminme benzoic acid remain umaffected. The inter-
mediate role of o-nitresebenzeic acid and o-hydrexylamine benzoic
acid, and the nen-intermediate role of anthranilic acid and protocate~
chuic acid in the dissimilation of o-nitrobenzoic ascid are further

verified by these results.

Studies on cells of Flavobacterium sp. adapted teo e-nitrosobenzoic

acid and g:hydroxyl;nins benzaic acidz‘ In order to elucidate the
intermediary position of o-nitresobenzoic acid and e-hydrexylamine
benzoic acid in the reaction scheme, cells enzymatically adapted to
these compounds were studied under the same conditiens as the initial
experiment.

Bue to the extremely limited supply of these cempounds, specific
adaptation was achieved by applying Stanier and Tsuchida's method (48)

in which the initially "unadapted" (asparagine grown) cell suspensions

26

were expesed to a small amgunt of the compound im questien, rather than

growing the cells on the compound. The activatien of these resting
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cellisuspensions was conmducted im Warburg flasks with double side arms.
Onre side arm contained the activating compound amd the other, the sub-
strate. After the additiom of the activating compound, the course of
adaptation was followed by measuring 0, uptake until the compound was
completely metabolized, as judged by a return to the auto respiratery
rate of oxygen consumption. The second campound was then added from
the other side arm. Representative results of these experiments are
shown im Figures 12 and 13, and Table VI. These data indicate that
cells previously adapted toc o-mitrosobenzoic acid are simultaneously
adapted to o-hydroxylamino benzoic acid but mot to ceﬁitrobenzoic acid;
while cells previously adapted to o-hydroxylamino bemzoic acid rapidly
attack o-hydroxylamino benzeic acid and are mot simultaneously adapted
to o-nitrobenzoic acid. Due to its extreme imstability the o-nitroso-
berzoic acid compound had probably undergone partial decompositien at
the time these experiments were executed, thus accoumting for relatively
low and somewhat ambiguous manometric readings. Hawever, due to the
hardship of securing more of this compound im fresh comdition, re-
evalgation of these experhnencsébgﬁéﬁe impracticable.

Altheough the data so far gbtained do not indicate a clear-cut
pesition of o-nitrosebergoic acid, the intermediary role of this cam-
pgund is evident as shown in Figures 8 and 10; therefore, a proposed

reductfion. schemp of e-nitrebenzoic acid by the Flawebacterium sp. can

be drawn as follews:
GOCH COOn // COQH
— —_— ?
\ /Y02 NO NHOH

NHj
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Although the possibility of active assimilation of the hydroxyl-
amino compound exists as reviewed in Chapter I, ne data toward proving

the assimilation of o-hydroxylamino benzoic acid by Flavobacterium sp.

at this stage 1s available.

consumption during the dis-

Studies on the.g__q_2 liberation versus 92

similation of o-nitrobenzoic acid by the Flavobacterium sp.-“Bince’
similat’on ; _

o-nitrobenzoic acid is the only source of nitrogen as well as carbon
for growth, the dissimilation of the aromatic ring structure is also
under speculation. An experiment for the determination of CO, liberae: .
tion versus O, consumption during the dissimilation of o-nitrobenzeic
acid by this organism was undertaken to study this aspect of the
problem. Experiments were conducted following the standard procedure
of Umbreit et al. (55). Three Warburg flasks containing given amounts
of substrate and cell suspensions were run in parallel; the first
flask contained KOH to determine 0; consumptiom, the secomd and third
flasks contained no KOH but acid was added to liberate the phosphate
bound C0, at the beginning and end of the reaction respectively. CO,
libexation may be calculated from the differences in readings from
these flasks. Ten replicates of this experiment are tabulated in
Table VII.

These data show that when 1 mole of o-nitrobenzoic acid is dis-
similated by this organism approximately 4 moles of co, are liberated
at the consumption of approximately 2 moles of 0,. This indigates a
possible rupture of the ring structure with a three-carbon fragment as
a residue. However, without actually detecting the fragments in the re~
action mixture and accumulating additional information from enzymatic

studiep, the above finding is not conclusive.
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TABLE VII

THE RESPIRATORY QUOTIENT OF FLAWOBACTERIUM SP.
DISSIMILATING o-NITROBENZOIC ACID

MCO2 MO co
Replication M zubstrate 2 M substrate /;/6;
1 3.96 2.39 1.66
2 3.70 1.93 1.91
3 4.04 2.14 1.89
4 4.06 2.13 1.91
5. 3.86 2.22 1.74
6 3.75 2.11 1.78
7 4,07 2.44 1.67
8 3.71 1.75 2.12
9 3.86 2.26 1.70
10 3.62 2,20 1.64
“Everage 3.86 2.16 1.80
Btandard

Peviation 40.16 10,17 +0.11

Studies on the Flavobacterium sp. cells grown on anthramilic acid and

salicvylic acid: Although amthranilic acid and salicylic acid do not

appear to be intermediates in the reduction pathway of o-nitrobemzoie

acid, these compounds are also dissimilated by the Flavobacterium ﬁR:
as indicated by adaptive enzyme studies. Therefore, the digsimilative
pathway of anthranilic acid and salicylic acid by this organism was
also studied to a limited extemt. The results of manometric studies

on the Flavobacterium sp. cells grown om amthramilic acid and salicylic

acid are shown in Figures 14 and 15 and Table VIII.

Stanier et al. (46, 47) in their studies of the bacterial oxida-
tion of tryptopham found that anthramilic acid was oxidized to. cate-
chol by a group of Pseudomonads. Sakamoto et al. (40) also found the
bacterial metabolic pathway of anthramilic acid to be via salicylic

acid and catechol. However, the results from this experisent on



0, UPTAKE (4L/4s0 SUBSTRATE)

400 -

300 -

200 4

100

34

e dnthranilic acid ‘ /——'—ﬂ '

o salicylic gecid

4 catechol

& protecatechuic acid

O benzoic acid ’__—,_'//0 :

l L}

1 ! T
90 120 150 165 205

TIME IN MINUTES

Fig. l4. The Oxidation of Various Cemipounds by Anthranilic Acid-

Grown Cells of Flavebactérium sp.




0, UPTAKE {,L./4)M SUBSTRATE)

12

300

2001

1004

¢ anthrarilic acid
o salicylic acid
4 catechel

4 pretocdtechuic acid

O benzbic acid

0
0o 4 30 60 90 120 165
TIME IN MINUTES
Fig. 15. The Oxidation of Varieus Compounds by Salicyl-

ic Acid-Grown Cells of Flaypbacterium sp.

35



36

Flavobacterium sp. indicate only salicylic acid to be a possible in-

termediate due to its simultaneously adaptive characteristic. Studies
fail to show the intermediary role of catechol, benzoic acid, and pro-

tocatechuic acid, in the dissimilation of anthranilic acid by this

microorganism,



SUMMARY

1. This study was designed to help elucidate the biechemical mechanism

of nitrate reductien by studying the adaptive utilization of o-nitrobems I :

zoic acid and its reduction preducts by a Flavobacteriulyggg. isolated

frem soil.

2. The microsrganism was capable of utilizing o-nitrebenzoic acid as a
sgle source of organic carbon and nitrogen. Inmerganic NH,-N was found

to be assimilated mere rapidly by this bacterium than NO;-N or NOj-N.

3. Adsptive enzymes were formed to attack o-nitrsbenzeic acid, o~
nitrosobenzoic acid, w~hydroxylamino benzeic acid, anthranilic acid,
salicylic acid, protocatechuic acid, benzeic acid, catechsl, o-

nitrosephensl and o-nitrebenzalcehol by this bacterium when expesed to

these compeunds.

4. The simultaneous adaptatiom to o-nitroscbemzoic acid and o-hydroxyl-
amino benzeic acid by the cells of this microorganism grown on o-nitro~
benzeic acid, as indicated by the immediate uptake of 0, in the Warburg
apparatus, suggests the intermediary role.of these compounds. Anthra-
nilic acid, as well as salicylic acid, protocatechuic acid, benzoic
acid, catechol, o-nitrosophenol and o-nitrobenzalccohol failed te show
immediate 02 uptake by the o-nitrobenzoic acid grown cells indicating
that these compounds do net appear to be principal intermediateg in

the dissimilation of e-~nitrobenzoic acid.

37



38

5. Cells enzymatically adapted to o-nitrosobenzoic acid showed simul-
taneous adaptation to o-hydroxylamino bemzoic acid but not to o-nitre-
benzoic acid. Cells enzymatically adapted to e~hydrexylamino benzeic
acid rapidly attacked this compound but did not shew simultaneous adap-
tation to o-nitrobenzoic acid. From these observatioms, tegether with
other findings, the followimg scheme of reductien of o-nitrobenzoic

acid by the Flavobacterium sp, is postulated:

7 COOH — > A p— COOH —> . ? ———> amins acids

\ 02 NO NHOH
DK eoor
2

The 'gbive scheme supports the view that the pathway of mitrate reduction

proceeds via nitrite, hydroxylamine, but not necessarily ammonia:

NOg—————>NOy======> (NOH)===m==>NH,0H=~==swmncememeaea> guino acids
[l

6. Approximately 4 moles af C0, were liberated with the consumption ef
about 2 mples of 0, when 1 msle of o-nitrobenzeic acid was dissimilated

by this bacterium., These results indicate rupture of the ring.

7. Salicylic acid was found to be an intermediate in the dissimilatien
of anthranilic acid by the sgme method of study. Catechol,,henzoic acid,
and protecatechuic acid, were not implicated as intermediates im the

dissimilatien of anthranilic acid.



8.

9,

103

11!

LITERATURE CITED
Aso, K., Migita, M., and Ihda, T. The mechanism of nitrogen utili-
zation by Azotobacter. Soil Sci. 48, 1-8, 1939.

Aubel, E. Reduction of nitrates by Escherichia coli. Compt. Rend.
Soc. Biol. 128, 45-46, 1938. C.A. 32, 6682, 1938.

Bach, D. and Desbordes, D. Direct transformation of nitrates into
ammonia by the mycelium of lower fungi. Compt. Rend. 197, 1463-
1465, 1933. C. A. 28, 1378, 1934.

Bray, H. G., Hybs, Z., James, S. P, and Thorpe, W. V. The metabolism
of 2:3:5:6- and 2:3:4:5-tetrachlotonitrobenzenes in the rabbit
and the reduction of aromatic nitro compounds in the intestine.
Biochem. J. 53, 266~273, 1953.

Bray, H. G., Thorpe, W. V. and Wood, P, B. The fate of certain ox-
ganic acids and amides in the rabbit 6. Nitrobenzoic acids ard
amides. Blochem. J. 44, 39-45, 1949.

Cirillo, V. P. Induction and irhibition of adaptive enzyme formation
in a Phytoflagellate. Proc. Soc. Exptl. Biol. Med. 88, 352~
354, 1955.

.Caaky, T. Z. On the influence of pH and inhibiters on the ammonia

and nitrate asaimilatiom by Azotobacter. Acta. Chem. Scand.
39 298-299, 1949.

Burham, N. N. and Gee, L. L. Biochemical mechanism of nitrate re=-
duction in bacteria. Progress Report Ne. 5 Atemic Emergy Com-
miseion Contract. No. AT (l1-1) with Oklahoma Agricultural and
Mechanical College. 1956.

Eckerson, S. Protein synthesis by plants 1I. Nitrate reduction.
Botan. Gaz. 77, 377-390, 1924,

Egami{, F., Yamada, T. and Taniguchi, S. 1he respiration and the
oxidation and reduction emzymes of a halo-resistant bacterium.
Congr. Imterm. Biochim., Resumes Communs., 2€ Cengr., Paris
78-79, 1952. C.A. 49, 6277e°

Egami, F. EE.EL° A stepwise reduction of nitro and nitrose compeunds,

etc., to amino compounds. Japan 2294, May 22, (1953). C.A. 49,
2497¢f.

39



12.

13.

14.

15,

16.

17.

18.

19.

20.

21,

22.

23,

240

40

Greenville, G. D. and Stein, K. G. The reduction of dinitrophenols
by redox indicators and emzymes. Biochem. J. 29, 487-499, 1953..

Hall, L. M. and MacVicar, R. Ammonia as an intermediate inm mnitrate
reduction by Bacillus subtilis. J. Biel. Chem. 213, 305-310,
1955. . —

Honda, K., Otsuka, 5. and Shimoda, Y. Studies on nitroreductase of
mammalia I. Nitro-reducing capacity of the liver and its rela-
tion to dehydrogenase systems. J. Biochem. (Japan) 387-397,
1956.

Kaplan, S., Rosenblum, E. DP. and Bryson, V. Adaptive enzyme forma-
tion in radiation-sensitive and radiation-resistant Escherichia
coli following exposure to ultraviolet. J. Cell. Comp. Phys.
41 153-162, 1953.

Katsure, T., Ito, H., Nemoto, M. and Egami, F. Nitrate reduction by
Clostridium welchii. J. Biochem., (Japam) 41, 745,756, 1954.

Kessler, E. Mechanism of nitrate reduction by green algae. 1II. Com-
parative physiological investigations. Arch. Microbiol. 19, 438~
457, 1953. G.A. 49, 2569c.

Knoikova, A. S., Kritsman, M. G., Yakobson, L. M. and Samarina, 0. P.
Synthesis of individual amino acids from asmonia and keto acids
by different types of bacteriaa Biokhimiya 14, 223-229, 1949.
C.A, 43» 1546,

Korsakova, M. P. The reduction of nitrates to dimmaonia by some
facultative or obligalory anaerobgs. Microbiology (U.S.S.R.)
1-9_5 299"313’ 19410 cvo g];.g 2770 Ty 19435

Krasra, A. I. and Rittenberg, D. Reduction of mitrate with mole-
cular hydrogen by Proteus vulgaris. J. Bact. 68, 53-56, 1954.

Kritsman, M, G., Yakobson, I, M. and Knoikova, A. 8. Formation of
amino nitrogen from ammonia and a-keto acids by enzyme prepars~
tions from Bagcillus subfilis., Biokkimiya 13, 327-331, 1948.
C.A. 42, 8874.

Kumads, H. The nitrate utilizatior ir seed embryos of Vigna
sesquipedalis. J. Biochem. (Japan) V. 439-450, 1953.

Lemoigre, M., Monguillon, P. and Desvsux, R. Biological role of
hydroxylamine. VI. New data om the presence of volatile com-
pounds of hydroxylamime in the fresh leaves of higher plants.
Bull. Sec. Chim. Biel. 19, 671-674, 1937. C.A. 31, 62835.

Lewis, P. R. and Hinshelwosd, C. N. The growth of coliform
bacteria in media comtaining nitrate and mltrfite. Part I.
Adaptation to growth with nitrate and nitrite as nitrogen
source. J. Chem. Soc. 824-833, 1948.



25.

26.

27.

28.

29.

30.

31‘

32.

33.

34.

35.

36.

37.

38.

39.

41

Lindsey, G. A. and Rhines, €. M. The preduction of hydfoxylanine
by the reduction of nitrates and nitrites by varieous cultures
of bacteria. J. Bact. 24, 489-492, 1932,

Lively, L. D. The biochemical mechanism of the reduction of o-
nitrobenzoic acid by Flavobacterium species. Thesis, Oklahoma
A. & M. College, Stillwater, Oklahoma, 1957.

Magee, W. E. and Burris, R, H. Fixation of nitrogen and utilization
of combined nitrogen by Nestoc muscorum. Am. J. Botany 4l,
777-782, 1954.

Maurer, K. Biochemical transformation of oximino pyruvic acid into
alanine. Biochem. Z. 189, 216-219, 1927. C.A. 22, 602, 1928.

Meyer, V. and Schulze, E. Ueber die einwirkung von hydroxylaminsalzen
auf Pflanzen. Ber. 17, 1554-1558, 1884, via The Enzyme Vel. II.
Pt., 2, pp 1122,

Nason, A. and Evans, H, J. Triphosphopyridine nucleotide-nitrate
~ zaductase in Neurospora. J. Biel. Chem. 202, 655-673, 1953.

Keumann, N, P. Ammonia as an intermediate in nitrate reduction.
Thesis, Oklahama A. & M. College, Stillwater, Okla., 1955.

Nicholas, D. J. D. and Nason, A. Dﬁphosphopyridine nucleotide-
nitrate reductase from Escherichia coli., J. Bact. 69, 580-

Nisman, B., Raynaud, M. and Cohen, G. N. Fermation of amino acids
in bacteria, from amsonia and a-ketonic acids. Compt. Rend.,
225, 700-701, 1947. C.A, 42, 1626, 1948.

Novak, R. and Wilson, P.-ﬁ, .The &tilization of nitrogen im hyk. .
droxylamine and oximes by Azotobacter vinelandii. J. Bact. '/
55, 517-524, 1948.

Pearsall, W. H., and Billispria, M. C. Losses of nitrogen from
green plants. Biochem. J. 31, 1743-1750, 1937.

Pratt, R. and Fong, J. Chlorella wulgaris III. Growth of Chlorella
and changes in pH and NH4 concentration in solutions containing
NO3 and NH, nitrogen. Am. J. Bot. 27, 735-743, 1940.

Quastel, J. H., Scholefield, P. G. and Stevenson, J. W. Oxidation
of pyruvic oxime by soil organisms. Bilochem. J. 51, 278-284,
1952, ’

Rautenan, N. On the formation of amino acids and amides Iin green
plants. Acta Chem. Scand. 2, 127-139, 1948.

Rosenblum, E. D. and Wilson, P. W. The utilization of nitrogen in
various compounds by Clostridium pasteurianum. J. Bact. 61,
475-480, 1951.




41,

42,

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

42

Sakamoto, Y., Uchida, M. and Ichihara, K. The bacterial decomposi-
tion of indoele 1I. Studies on its metabolic pathway by suc-
cessive adaptation. Med. J. Osaka Univ. 3, 477-486, 1953.
C.A. 47, 7585f.

Saz, A. K. and Slie, Rita B. The inhibition of organic nitro
reductase by aureemycin in cell-free extracts., 1I1I. Cofacter
requirements for the mitro reductase enzyme cemplex. Arch.
Biochem. and Biophys. 51, 5-16, 1954,

Saz, A. K. and Slie, R. B. .Reversal of aureomycin inhibition of
bacterial cell-free nitro reductase by manganese. J. Biol.
Chem. 210, 407-412, 1954,

Silvers, W. S., and McElroy, W. D., Enzyme studies on nitrate and
nitrite mutants of Neurospora. Arch. Biochem. Biophys. 51,
379-394, 1954.

Smith, G. N. And Werrei, C. S. Enzymatic reduction of chlorampheni-
col. Arch. Biochem. 24, 216-223, 1947.

Stanier, R, Y. Simultaneous adaptatien: a new technique for the
study of metabelic pathways. J. Bact. 54, 339-348, 1947.

Stanier, R. Y. and Hayaishi, 0. The bacterial oxidation eof tryp~
tophan II. Defective metabolism of anthranilic acid. J.
Bact. 62, 3672375, 1951.

Stanier, R. Y., Hayaishi, 0. and Tsuchida, M. The bacterial oxida-
tion of tryptophan 1. A general survey of the pathway. J.
Bact. 62, 355-366, 1951.

Stanier, R. Y. and Tsuchida, M. Adaptive enzymatic patterns in the
bacterial oxidatiom of tryptophan. J. Bact. 58, 45-60, 1949.

Steward, F. C. and Street, H. E. The soluble nitrogen fractions
of potato tubers; the amides. Plant Physiol. 21, 155-193,
1946.

Steward, F. C. and Street, H. E. The nitrogenous constituents of
plants. Ann. Rev. Biochem. 16, 471-502, 1947.

Swenson, P. and Glese, A. E. Photoreactivation of galactozymase
formation in yeast. J. Cell. Comp. Phys. 36, 369-380, 1950.

Taniguchi, S., Mitsui, H., Toyoda, J., Uamada, T. and Egami, J.
The sucfessive reduction from nitrate to ammonia by cell-
free bacterial enzyme systems. J. Biochem. (Japan) 40,
175-185, 1953.

Taniguchi, S§., Mitsui, H., Nakamura, K. and Egami, J. Hydroxylamine
reductase. Ann. Acad. Sci. Fennicae, Ser. A, I1I, No. 60, 200-
215, 1955. C.A. 49, 8342b.



54.
55.

56.

58.
590
60.

61.

62.

63.

64.

65.

66.

43

Takahashi, H.,; Taniguchi, S. and Egami, F. Nitrate reduction imn
aerobic bacteria @nd that in Escnerichia coli coupled to phos-
phorylation. J. Biechem. (Japan) 43, 2234233, 1956

Umbreit, W. W., Burris, R. H. and Stauffer, J. L. Manometric
Techniques and Tissue Metabolism, Burgess Publishing Co.,
Minneapolis, 1949.

Virtanen, A. I. Cattle Fodder and Human Nutrition. Cambridge
Univ. Press, Cambridge, 1938. '

Virtanen, A. I. The biology and chemistry of nitrogen fixation
by legume bacteria. Bicl. Revs. Cambridge Phil. Sec. 22,
239-269, 1947. ‘

Virtanen, A. I. and Csaky, T. 2. Formation of oxime-nitrogen in
Torula-Yeast fed with potassium nitrate. Nature 161, 8l4-
815, 1948.

Virtanen, A. I. and Jdrvinen, H, On the formation of bound
hydroxylamine in Azotobactexr. Acta. Chem. Scand. 5,
220-226, 1951,

Virtanen, A. I., and Rautanen, N. The Emzymes, Vol. II, Pt. 2,
pp. 1089-1130. Academic Press Inc. Publishers, New York,
1952, '

Wirth, J. C. and Nord, F. F. Essentlal steps in the enzymatic
breakdown of hexoses and pentoses interaction between
dehydrogeration and fermentation. Arch. Biochem. 1, 143~
163, 1942,

Wirth, J. C. and Nord, F. F. 0On the mechanism of enzymatic break-
down of d,l-alanine by Fusarium lini Baolley. Arch. Biochem.
2, 463- 468 1943,

Woods, D. D. The reductiom of nitrate to ammonia by Cloatridium
welchii. Biochem. J. 32, 2000-2012, 1938.

Wesod, J. G., Hone, M. R., Mattner, M. E. and Symos, C. P,
'Nitrogen metabolism of plants VII. Toxicity of some oximes’
and oximino acids to Azotobacter amd their utilization. ‘
Australian J. Sci. Research Bl, 38-49, 1948. C.A. 43, 2276c.

Yakobsor, L. M., Kmoikova, A. S., Kritsman, M. S. and Melik-
Sarkisyan, 8. §. Synthesis of amino acids from ammcnia
and keto acids by various bacteria. Biokhimiya 14, 14-1§,
1949. C.A. 43, 5084. ’

Yamagata, 8. Nitrate reductiom by Bacterium coli 1I. Biological
reduction. Acta Phytochim. (Japam) 10, 283-295, 1938. C.A.
33 2176, 1939.




67q

68.

69.

70.

44

Yamashina, 1. Enzymic reduction of aromatic mitro compounds. Bull.
Chem. Soc. (Japan) 27, 85489, 1954. C.A. 49, 16001g.

Yamashina, I., Shikata, S. and Egami, F. Enzymic reduction of
aromatic nitro, nitroso, and hydrexylamino compounds. Bull.
Chem. Soc. (Japan) 27, 42-45, 1954. C.A. 49, 14831F.

Young, B. M. Biechemical Mechanism of the Reduction of Nitrobenzoic
Acid by Bacteria. Thesis, Oklahoma A. & M. Cellege, Stillwater,
Oklahoma, 1956.

Zucker, M. and Nason, A. A pyridine nucleotide-hydroxylamine
reductase from Neurospora. J. Biol. Chem. 213, 463-478, 1955.



APPENDIX

TABULATED DATA FROM WHICH FIGURES ARE PREPARED

45



TABLE 1

THE GROWTH OF FLAVOBACTERIUM SP. IN MEDIA CONTAINING DIFFERENT NITROGEN AND CARBON SOURCES

!

% Transmittance

o-nitrobengoic | NaNO3 and NaNO; and NH,Cl and_ Nntcl and
N & C Source acid -~ benzoic acid benzoic aeid benppic ackd glucose
Cultural . .
Conditions shaken static |shaken static | shaken static| shaken stalic |shaken static
0 98 94 97 97 100 97 97 96 95 95
14 96 95 97 97 98 100 95 95 92 98
Time 19 93 96 90 93 98 98 85 93 94 96
(hrs)
24 70 84 76 92 88 92 50 90 95 93
38 18 74 16 80 21 83 17 79 48 70
48 17 72 18 73 20 73 16 72 39 54
72 17 61 20 63 19 61 15 61 45 45

9%



TABLE 11

THE VIABLE CELL COUNT OF FLAVOBACTERIUM SP. IN MEDPIA CONTAINING DIFFERENT NITROGEN AND CARBON SOURCES

No. of cells (in million) per ml.

o-nitrobenzoic NaN0, and NaNO, and NH,Cl and Cl and
N & C Source acid benzoic acid benzoic acid ben&bic acid uEose:
Culfural
Conditions shaken statié| shaken static shaken statici shaken static |shaken static
0 15 12 9 8 8 8 8 8 7 5
14 12 7 3 3 3 2 2 3 1 1
19 31 33 9 5 4 2 18 9 1 1
Time
(hrs) 24 164 84 23 11 12 8 89 15 4 1
38 2550 120 557 - 417 9 1890 36 1 30
48 2150 186 965 48 690 12 2766 30 613 126
72 2080 237 1213 73 102 57 1670 80 457 487

Ly



TABLE 111

THE OXIDATION OF VARIOUS COMPOUNDS BY ASPARAGINE~GROWN

CELLS OF FLAVOBACTERIUM SP.

48

. :1‘1

Benz A

benzoic acid

02 uptake gallﬁyM substrate)
Time Substrates #
(min.) | o-NO2 BA | o-NHOH BA | Anth A | Sali A| Prot A| Benz A
15 0 -1 -12 -5 4 -10
\30 0 43 3 6 91 6
45 15 70 16 40 158 45
;60 i27 104 44 123 177 118
75 50 150 118 237 189 235
90 65 170 165 450 192 276
105 85 193 253 523 187 321
120 108 203 327 535 o 331
135 144 216 341 547 — 343
%“ 150 170 226 346 536 — 346
{ 180 246 254 364 569 — 365
E 195 258 263 368 571 — 368
ﬁ 270 295 327 387 589 e 383 E
' 330 307 339 397 599 — 389
* 0-NOy BA goéﬁitrobenzqiciacid
o-NHOH BA o-hydroxylamino benzoic acid
Anth A anthranilic acid
Sali A salicylic acid
Prot A protocatechuic acid
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TABLE III (Continued)

49

- "302“upﬁaké3§a1/§bn Bubétrate)
Time Substrates *

(min.) 61H02 Ph| o~NHy Ph| o-NO; By 24BiOHBA\24DiN02 Ph | Aniline
15 11 -9 12 2 -2 0
30 15 4 17 9 0 5
45 20 -1 22 12 P 4 7
60 19 -4 24 5 1 0
75 21 -3 27 3 3 -2
90 28 2 30 8 3 e

105 35 3 31 7 1 -1
120 50 9 32 15 0 3
135 55 16 36 21 -4 10
150 56 14 32 22 -3 5
165 50 5 25 16 -9 -3
300 53 18 37 49 -17 14
360 89 13 27 55 - 17
420 86 3 18 52 — 9

480 94 -2 16 61 - 14

* 0-NO2 Ph o-nitro phenol
o-NHy Ph o-amino phenol
0-NOy By o-nitrobenzaldehyde
24DiQHBA 2,4~di~hydroxyl benzoic acid
24pifja2 Ph  2,4-di-nitro phenol

Anfline

aniline

.



TABLE 1II (Continued)

0, uptake (/A/eﬂn.aubstrate)

Substrates
Time -
s o=Nitro- o-Nitroso- | Nitrosophenyl-

(min.) .Catechol | " benzalcohol - " phehol hydroxylamine

15 =5 -7 -7 -3

30 1 -14 -15 4

45 12 -12 -11 7

60 20 -12 -13 9

75 41 -11 -12 6

90 54 ~-10 -12 5
105 75 =5 -11 5
120 99 3 -10 0
135 102 — —— S
150 123 — D —
165 — 43 10 -14
180 207 58 20 -19
195 217 77 38 . =20
210 — 97 56 -28
225 — 128 93 -34
240 — 155 126 ———
255 e 185 161 —
270 249 e —— —
330 258 — — ——

50



TABLE IV

THE OXIDATION OF VARIQUS COMPOUNRS BY o-NITROBENZOIC
ACID-GROWN CELLS OF FLAVOBACTERIUM SE.

0, uptake (al/éﬂn substrate)

Time Substrates *

(min.) | OBA | SBA| HBA | ANT | SAL | PRO | BA |[CAT NSP | NBL

15 49 65 90 -2 -5 5| -8 -7 -5 9
30 135 | 146 | 161 8 8 66 1 0 -5 23
45 179 178 179 a8 39 | 140 | 23 4 -1 40
60 195 | 193] 190 64 96 | 182 | 59 11 3 60
75 203 | 201{ 200 | 119 | 183 | 193 [111 19 8 80
90 210 | 210} 209 | 217 | 299 | 203 {186 29 12 | 105
105 212 | 213| 213 | 282 | 311 | 207 | 239 39 17 123
120 216 | 216| 219 | 313 | 314 | 210 | 272 46 20 | 135
135 219 | 221 225 | 329 { 319 | 215323 57 27 | 158
150 221 | 224| 226 | 340 | 322 | 220|372 65 32| 178

165 224 | 226| 229 | 346 | 325 | 223 | 386 78 41 | 200

180 223 | 228] 231 | 352 | 325 | 227|395 | 293 51| 221
195 e | o] eam | o | e | e | 404 | 104 651 241
225 e | m| e | wem | e | w415 | 137 | 113 | 286
255 cwtn | o] cwm | e | e | s | —— | 171 | 170} 328
315 vme | wem| e | o | e | e | e | 244 | 286 410
% OBA o-nitrobenzoic acid PRO protogatechuic acid

SBA o-nitrosobenzbic acid "BA. bpnzoic acid

HB4 o-hydroxylamino benzoic acid CAT  catechol

ANT anthranilic acid NSP o-mitrosophenol

SAL, salicylic acid NBL .o-nitrobenzalcohol



TABLE V

THE EFFECT OF IRRADIATION ON SUBSTRATE OXIDATION BY o-NITROBEMZOIC
ACID-GROWN CELLS OF FLAVOBACTERIUM SP.

0, uptake (ul/4uM substrate)

Irradiated Non-irradiated

Time Substrate * Substrate *

(min.) | OBA | SBA | HBA | ANT | PRO| OBA | SBA | HBA | ANT PRO

15 60 52 58 | =7 | =11| 66 58 81 ~5 -1
30 144 | 122 | 102 3 ~4 | 172 | 146 | 147 9 31
45 166 | 156 | 118 S -27.191 | 186 | 169 30 70
60 179 | 181 | 129 9 0} 197 | 207 | 176 70 110
75 184 | 195 | 134 13 31197 | 215 | 178 | 121 136
90 190 | 209 | 139 17 8| 198 | 246 | 182 | 190 152
105 194 | 220 | 141 23 12| 200 | 254 | 186 | 255 156

120 197 | 228 | 142 26 91 202 | 268 | 188 | 303 lél

135 19? 234 | 140 26 19{ 202 | 277 | 191 | 307 165

* OBA e-nitrobenzoic acid
SBA oe-nitrosobenzoié ‘acid’
HBA o-hydroxylamino benzoic acid
ANT anthranilic acid
PRO  protocatechuic acid



TABLE VI

THE OXIDATION OF VARIOUS COMPOUNDS BY CELLS OF FLAVOBACTEKIUM SP.
ADAPTED TO o-NITROSOBENZOQIC ACID AND
.0~HYDROXYLAMINO BENZOIC ACID

0, uptake QMI/QuM substrate)
Cells adapted to Cells adapted to
o-nitrosobenzoic acid o-hydroxylamino benzbic acid

Time * Substrate * Substrate
(min.) OBA SBA HBA OBA SBA HBA
15 6 16 43 -1 15 35

30 26 50 109 17 46 89

45 59 73 166 41 60 135

60 110 86 204 78 64 159

75 157 90 218 118 65 165

90 197 99 234 150 61 168
105 202 100 242 162 69 177
120 201 102 247 171 74 185

* OBA o-nitrgbenzoic acid
SBA o-nitrosobenzoic acid
HBA oO-hydroxylamino benzoic acid



TABLE VIII

THE OXIDATION OF YARIOUS COMPOUNDS BY ANTHRANILIC ACID AND SALICYLIC
ACID-GROWN CELLS OF FLAVOBACTERIUM SP.

0, uptake gﬂlleuu substrate)
Anthranilic acid-grown cells Salicylic acid-grown cells
Time * Substrate * Subjtrate
(min.)| ANT | SAL | CAT | PRO | BA ANT | SAL | CAT | PRO | BA

15 73 36 -9 1 -2 26 | 110 -5 27 25
30 | 167 | 114 -9 32 8 63 | 240 4 98 9%
45 | 262 | 205 =7 77 37 102 | 285 | 22 | 176 | 180
60 | 279 | 273 =4 | 112 89 164 | 291 47 | 203 | 270
75 | 289 | 287 2| 153 | 154 238 | 298 79 | 211 | 346
90 | 287 | 295 7| 173 | 209 299 | 301 | 121 | 220 | 377
105 | 295 | 301 315 180 | 257 303 | 301 | 175 | 226 | 390
120 | 297 | 306 25 | 184 | 299 | e [ 225 | 230 | 396
135 { 303 | 311 35| 188 | 340 | = | = | 261 | 235 | 405
150 | 306 | 314 47 | 198 | 377 s | = | 275 | 235 | 412
165 | 312 | 320 65 | 195 | 395 323 | 314 | 286 | 240 | 418
205 | 313 | 325 | 113 | 200 | 408 - — - —— ] —
* ANT anthranilic acid

SAL salicylic acid

CAT catechol

PRO protocatechuic acid

BA

benzoic acid
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