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INTRODUCTION

The metabolic pathway by which certain mieroorganisms incorpo-
rate atmospheric nitrogen into their protoplasm is at the present time
unknown, In an attempt to determine this pathway scientists are study-
ing the physiology of various nitrogen fixing bacteria and are withinm
reasonable limits extrapolating this information from one organism to
another, Thus far they have found certain phymiological characteristics
vhich appear to be common to all nitrogen fixing bacteria.

Several years ago a species of the genus Achromobacisr was iso-
lated and shown to fix atmospheric nitrogen, Thus far very little has
been published concerning the physiology of nitrogen fixation by this
organimm. This study was carried out in an attempt to confirm some of
the reported findings regarding the physiology of nitrogea fixation by
this organism and to determine other physiological characteristics
vhich may be of value in the elucidation of the mechaniama of biological
nitrogen fixation,



Relatively few crganisms are known to be able to uss atmospheris
nitrogen as their nitrogen sourcs. These are reviewed by Wilson (17).
Since Wilson's reviev several papers have appeared indicating that other
bacteria are abls to fix nitrogen. These include Bacillus polymwvza (5),
one strain of Aghromobacter (7), and several strains of Pagudomcpasz (1,
13).

Oxygen has deen shovn to be a spscific inhibitor of nitrogen
fization in many organisma investigated including the obligate aerobe,
Agotobacter yinelandil (8). Parker and Scott (8) review the literature
aoncerning the effect of oxygen on nitrogen fixation by various organ-
4ems, but do not inelude any discussion of the effect of oxygen on
nitrogen fixation by the present strain of Achromobacter. Jensea (7)
reported that this strain, vhich h# de ignated N,, will fix nitrogen
@ither anserobically or aerobically. He found, hovever, that oxygen had
a clearly depressing effect. Proctor and Wilson (14) refer to this
strain as N7 and also repcrt that it is abls to fix nitrogen anaerobi-
cally as vell as aerobically. They found that the efficiency of fixa-
tion in terms of quantity of nitrogen fixed per milligram of carbohydrate
utilized wvas much greater urder anaerobic conditicns than it was under
aerobic conditions,

Mambers of the family of leguminous plants and mesbars of the bac-
terial gemus Rhizobdum .either of vhich can fix nitrogen themselves, are
able to enter into a symbictic relati _hip and are then able to mtilize




atmospheric nitrogen., Wilson and Umbreit (cited in 17) in 1937 discov-
ered that hydrogen is a smpecific imhibitor of symbiotic nitrogen fixa-
ation, Since that discovery, hydrogen has been shown to be a specific
inhibitor of nitrogen fixation in A&QM (Wyaé and 4lson, cited
in 17), Clesiridium pasteurismum (16), Rhodospirillum rubrup (2),
Agrobagter asrogenes (11), and Bacillus pedvmvxa (4).

report has also been published conecsrning hydrogen inhibition of nitro-
gen fixation by Jensen's strain of Achromobacter (3).

The discovery of hydrogen inhibition of nitrogen fixation in the
symbiotic system suggested a possible involvement of hydrogemase in
nitrogen fixation, Early attempts to demonstrate hydrogenase in the
symbiotic system _t with failure (17), Several years later Phelps and
Wilson (12) reported that Agotobacter speci s contained a iry active
hydrogenase in spite of the fact that they ha no epparent need for such
an enzyme, This again focused attention on the possible involve ent of
hydrogenase in nitrogen fixation and scientists began to investigate
the nitrogen fixing ability of organiems which were known to possess
bydrogenase as a normal part of their hydrogen metabolizing sys As
a result of this invemtigation nitrogen fixation by A. aerogepes and
R. nbrup was discovered. Hydrogenase is al o known to be pr ent in
C. pasteuriagup, a well known nitrogen fixing agent, a part of its
hydrogen metabolizing system, Recently, hydrogenase has been demon-
strated in the symbioti - system (6) and in B. polymvxa (5). The evidenc
for hydrogenass in Jensen's straim of Aghromobacter is still not con-
clusive, Proctor and Wilson (14) have reported that hydrogenase activ-
ity wvam detected when they used the deuterium-lyydrogen exchange reactiom



of Hobearman and Rittenberg as the method of assay. They were unable,
hovever, to demonstrete hydrogenase in this organiem using conventional
manometric and Thunberg methods of assay.



Scganiop

The organism used for this study was a nitrogen fixing species
of the genus Aghromobsetar. This organism, referred to as strain N4,
was iselated from a Danish water course and wae shown to fix mitrogen
by Vagn Jensen (7). I yot bears no speciss name, Ite physiological
characteristics are deseribed by Jensen.

At the beginming of this study physiological tests wvere made to
sonfirm the identity and purity of the culture, vhich was carried on
nutrient agar eontaining 0.2 per cent yeast extrast.

Because of the fact that growth in most expariments tock place
under anserobie conditions in a medium vhich was essentially free of
combined nitrogen the problem of contaminatiop was not great. Periodie
checks vere made, however, to detect possible contanination by A. ASEOgenss.
This vas done by incculating from experimantal cultures into tubes of
lactose broth containing gas tubes. The production »f acid without the
production of gas vas used as an indication that the culture wvas not
sontaninated with 4. Afrogenes.

Praliminary experiments vere carried out using the modificatica
desoribed by Pengrs and Wilson (11) of & medium proposed by Monad and
Wollman for the cultivation of Eggharighis gold. Results of these

quantities of acid during its gasless fermentation of cardahydra .,



Further experimentation revealad that it was possible to increams
substantially the quantity of nitrogen fixed by inereasing the stremgth
of the phosphate buffer in this medimm, Calcium carbonate would not
serve as an adoquau bu'ffu'.. In viev of the results of these experi-
uni. the following medium was devised and used throughout this studys

FagHPO, o o o ¢ ¢ o o ¢ o0 0 s 0000 oo oo 25 grans

m_zro,‘..................... 3 grans

MgBOLTHO0: o o ¢ o o 0000000 ooe oo 0.2 grams

cwlz........;...........0.0lm

Smcor&mihlo............ 20 grams

Fo-Mo Solutdon (18) . . ¢« o ¢ s ¢ o o s o o 1 milldliter

Distilled Water « « ¢ ¢ o o ¢ o ¢ ¢ o o o ¢ o o 1 ldter

When one or more liters of medium vere prepared, the phosphates
wvare dissolved in 70 per cent of the water and the balance of the medium
in the remaining 30 per cent. Ths two sclutioms were autoclaved eepar~
ately and combined just prior to imoculation.

For soms grovth studies and for groving inocula for larger cul-
tures 10 to 30 micrograms of ammonium nitrogen wvas dasired per milliliter
of medium, The ammonium wvas added as the ammoniun dihydrogsm phosphate
salt,

Hirogep detarninations
The method used for determination of Kjeldahl nitrogen was espan-

tially the semi-micro method deseribed by Wilson and Knight (18) wheredy
a amall sample wvas digested, diluted, arnd treated vith Nesaler's reagent.
Optical density of the treated sample was eomparwd vith that of a



standard solution of ammonium sulfate., A Coleman Model 8 Photo-

Electric Colorimeter vas used in this determimation and in determina~
tions of cptical density of cell suspensions throughout thise study.

For nitrogen determinations a 470 millimicron filter was used and for
detarminations of culture turbidity a 590 millimicron filter was employed.
In both the standard and the sample the amount of nitrogen was directly
proportional to the optical density., The ratio of the optical density

of the sample to that of the standard was mltiplied by the amount of
nitrogen in the gtandard and by the dilution factor to cbtain the amount
of nitrogen in one milliliter of the culture.

For the determination of ammonium nitrogen the cells were removed
from the culture mediwm by centrifugation in a Servall Angle Centrifuge
(Model 1), The mediwm was then made alkaline with sodimm hydroxide and
the liberated ammonia wvas distilled into four per cent boric acid. The
method of dilution, treatment with Nesszler's reagent, and calculation
of nitrogen was the same as used for Kjeldahl nitrogen determinations,

Growth
In experinents for the determination of the quantity of nitrogsm

fixed under anasyobic and aerobic conditions cultures were grown in 50
milliliters of the demcribed medium contained in 250 milliliter
Erlenmeyer flasks, The medium in each flask was inoculated with five
milliliters of a suspension of mtrain Hi, Samples were drawn from
three flagks for initial nitrogen determinations, Three flasks were
closed with sotten plugs and three vere alosed with rubdber stoppers to
prevent evaporation. Each of the remaining flasks was closed with a



rubber stopper fitted with a glass tube vent on which was placed a shert
length of rubber tubing closed with a screw type pinech clamp, Anaercbic
conditions vere provided by attaching the flasks to a grssing manifold
connected to a marcury manometer and evacuating with a Puo Seal Vacuum
Punp to about 0.15 atmospheres of pressure after which the flagks were
refilled with high purity Lirde tank nitrogen, Evacuation and subse-
qusnt £111ing with nitrogen were repeated four times to flush out any
oxygen vhich might have remained as a result of incomplete evacuation.
Both acaerobic and aerobic cultures were incubeted on a New Erunsvick
rotary shaker (Model VS) at room temperature (approximately 27 degrees
centigrade) for four days before firal nitwrogen determinations were
made,

For grovth curve experimentsz cultures were growvn at room tem-
perature in cne liter of the descridbed medium contained in a two liter
Erlenmeyer flask equipped with a three hole rubber stopper wvhich held
an inlet sintered glass gas dispersion tube, a tube for sampling the
culture, ard a gas outlet tube, The inoculum was grown in 50 milli-
liters of the same medium under nitrogen gas for approximately 48 hours
on the rotary shaker., The entire 50 milliliters of inoculum was used
to inoculate one liter of medimm, Nitrogen gas was continunously bub-
bled through the medium after being filtered through sterile cotton,
Samples for nitrogen amd turbidity determinations were taken at regular
intervals bty foreing a sample through the sampling tube with pressure
obtained by closing the gas outlet tube,

The method employed in determining the effect of various partial
pressures of nitrogen upon the rate of grovth was essentially that used



by Pengra and yilson (11) for hydrogen inhibition studiss of A, asrogepes.
A on, liter culture was grovn in the mammer described above for grovth
curve experisgpts until it was in the esarly exponential phase of growth,
It was then portioned out into 250 milliliter Erlenmeyer flasks which
had fused to them Fyrex test tubes that fit the recepticle &if the
colorimeter. A sample was removed from each flask for detarminatiocn

of initial nitrogen. 7The flasks were closed with vented stoppers and
anaerobic conditions vere provided as previously described. After the
fourth evacuation the desired experimental atmospheres vere placed in
the flasks, HMeliwmm was used to bring the total pressure in each flask
to one agzosphere, The flasks were incubated at room temperature on
the rotary shaker for a period of six hours, Growth was folloved by
tipping a sample of the contents of the flask into the sidearm tube and
determining the optical density at one houwr intervals. After incuba-
tion samples were removed for final nitrogen determimations.

Hydrogep iphiklticn
For hydrogen inhibition studies the method smployed was identical

to that described above for the determimation of grovtbh rates under
various partial pressures of nitrogen except that in some experiments
a longer incubation peried was used,

For hydrogen inhibition studies of ammonium utilization a parent
culture was grown in 200 =illiliters of the described medium containing
150 crograms of ammonium nitrogen per milliliter present as ammoni
dihydrogen phosphate. This culture was grown under hiliwm im a 500
milliliter Erlemeyer suction flask until it was in the exponential



phase of growvth, The culture was then portioned out into sidearm flasks,
Experimental a gpheres were placed in th after flushing three times
wvith halium. The cultures were incubated at room temperature on the
rotary shaker, Growth was followed turbidimetrically,

Rrdrogenass

Dehydrogenase and some hydrogenase assays were condu ted using
Thunberg tubes vhich could be used in the colorimeter, Each tube con-
tained four milliliters of M/15 phosphate buffer (pH 7.1) and one
mill1liter of 10=% molar methylens blue, To demonstrate glucose
dehydrogenagse activity scme of the tubes received two milliliters of
a one per eent solution of glucose., In each cap campar  t was placed
0,5 milliliters of a washed vhole ¢ell guspension of strain K4 con-
taining about 150 miarograms of nitrogen per milliliter. Wash whole
csll suspensions used throughout this study wvere prepared bty centri-
fuging oslls from an actively fixing culture, washing twise with
10 mi11i1iters of M/15 phosphate buffer of the desired pH, estimating
the nitrogen present, and resuspending in a quantity of buffer to pro-
vide the appraximate amount of cell nitrogen per milliliter deaired,
Distilled water vas sdded to bring the total volume in each tube to 7.5
milliliters. The desired atmaspheres were placed in the tubes by
evacuating them with an aspirator and refilling with the appropriate
gas, Bydrogen vas used for hydrogenase assays and helium wvas used in
determinations for glucoss dehydrogenase and endogenous activities.
After allowing the tiibms and contents to sims to tenperature the
sontent of each cap vas emptied into the main tube and optical density



resdings vere made .periodically.

The manometrie techniques employed were in gemeral thoss deacribed
by Usbreit, g% al. (15). The Warburg apparatus used for these experi-
monts wvas manufactired by Gilson Medical Elsctronice. The centsr walls
of the Warburg flacks contained 0,2 milliliters of 20 per samt potassium
hydraxide and a .fluted filter paper for the absorption of carbon dioxide
unless otherwiss indiesated, The total volums in eath flask was adJusted
to 3.2 milliliters with distilled wmter, All axperiments were carried
out with the watsr bath maintained at 32,5 degrees centigrade, In all
experiments the temperature of the flasks was allowed to equilibrata
in the water bath for ten mimutes prior to tipping ths contenta of the
sidearms into tha main compartments. Readings were made at the time of
tipping and !every fire minutes thereafter for a period of 30 minutes,

In all manometric assays a control organism which wvas known to possess
hydrogenase was used parallel to strain N4i. The organisms which were
used for this purpose were A. gerogenes strain M5al and Azotobagter
Yipelandid strain O (Azotobacter agilis). Whole cell suspensions and
eell-free extrasts of Achromobacter N4 contained substantially greater
quantities of nitrogen per milliliter than did similar preparations of
the control organisam, The purpose of this was to increase the pos-
8ibility of detecting a emall quantity of activity.

For the formic hydrogenlyase assay the main ocmpartment of the
Warburg flask received 1.5 milliliters of M/15 phosphate buffer (pH 6.7)
and one milliliter of 0,25 molar sodimm formate., Only one half of the
flasks received potassium hydroxide and a fluted filter paper for the



ubaorptioa of ‘earbw dioxide. Any pressure increase in these flasks
vould indicate the produeticn of hyirogen. In the flasks without the
carbon dicxide abeorbant the pressure change would be from both hydrogen
and cerbon dioxide, The pidearms received 0,2 milliliters of a vashed
vhole cell suspension of Aghromobagter N4i. A control set of flasks was
set up using 0.2 milliliters of a vashed whole cell suspension of

4. asrogeneg strain Mlal eontaining about 110 micrograme of nitrogen.
The flasks vere fitted to the Warburg manometers and flushed with
floving helium for sevaral minutes using a gassing manifold,

Manometric assxys for hydrogen uptaks using whole cell suspem-
sions were set up as follows: The main compartment of the Warburg
flask received 1,5 milliliters of M/15 phosphate buffer and the desired
amownt of hydrogen acosptor which was 25 micromoles of methylene bluse,
40 micromoles of mathyl vioclogen, 40 micromocles of benxyl viologen,

20 micromoles of Janmus green or 125 micramoles of potassium fearricyanide,
Yost cxpcri;nnts vere carried out at a pE of 8,0, wvhich vas optimm fox
the control organism. The suspension of the control organism contained
about 100 to 250 micrograms of nitrogen per milliliter. In most experi-
ments 0.2 milliliters of cell suspension were added to the sideara of
each flagk, With the aid of a gassing manifold the flasks were flushed
with hydrogen for 10 minutes.

Agseays for hydrogen uptake using cell-free extracts vere con~
ducted in the samp maflner as vere assays using washed whole cell sus-
pensions, In thass axpwriments, however, the pH was 7.1 and the
quantity of nitrogam added per flask as cell-free extract was increased
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about 20 times. For the preparation of cell-free extracts rslatiwvely
large quantities of cells were needed. Therafore, ths cells vere
growvn in two liter culture flasks as described on page 8, Tha cells
wvere harvested by centrifugation and were then stored under hydrogen
at -5 degrees centigrade or were used immediately for preparation of
cell-free axtrasts., Cell-free extracts were prepared by mctively grind-
ing a small quantity of cells with an equal quantity of levigated
alumina for 10 minutes with a chilled mortor and pastle., Several
milliliters of M/1S phosphate buffer having a pR of 7.1 was used for
extraction, Tha extraction medium was then centrifuged for five
minutes in the Sarvall Angle Centrifuge at a speed sufficient to
provide a force of 2500 times gravity at the tip of the tube., The
clear supernatant fluid vas used as the cell~-free extraot.

Attempts to demonstrate the Knallgas reaction in this organism
were carried out by placing 1.5 milliliters of M/15 phosphate buffer
having a pH of 8.0 in the main compartment and 0,2 milliliters of a
wvashed whole cell suspension in the sidearm., 4. Yinelapdid strain 0
wvas used az the positive control., The cell suspensions contained
about 250 to 300 mierograms of nitrogen per milliliter, After attaching
the flasks to the Warburg manometers a gas mixture consisting of 50
per cent hydrogen and S50 per cent oxygen by volume in a one gallon
reservoir wvas displaced with watar and flushed through ons half of
the flasks, The remaining flasks containing air served ap controls
for endogenous respiration.

The agsay for ths evolution of hydrogen fram reduced msthyl
viologen was easantially that of Peck and Gest (9). In this assay

142619



the main campartsent of the Warburg flasks contained 1.5 milliliters
of M/15 phosphate buffer (pE 7.6), 0.1 milliliter of the cell sus-
pension econtaining 40 to 60 aicrograms ¢ nitrogen, and 0.1 2111114 ter
of cysteine pydruchlaride sclution, This silution wvas made Just ;-ior
to use by dissolving 50 milligrams of eysteine hydrochlordide in five
mill4liters of M/15 :hosphate Suffer having a pH of 7,6, The final

pH of the cysteine soluticn was adjusted to 7.6 with 1.0 pormal sodiwm
trdrexide, The -uqn‘na contained 32 micromoles of methyl viclogen im
0.4 milliliters of wvatsr., The methyl viologrn contained in the side-
arms was reduced Aduring the gassing operation by the addition of 0,2
millilitars cf a sodiuwm hydrosulphite golution, This solution wvas
prepared by dissolving 210 milli; ams of sodium hydrosulphite in three
milliliters of water and adjusting the pl to 7.6 with 0.125 noy=al
e0di\m Tdreacide, Helims was used to displace the air from thy flasks,



Growth

ULTS AND DISCUSSION

axperimont way carried out to determine the

15

uvantity ol

nitrogen fixed by Aghromobscter N4 when growing on the described

ium under anaerobic and aerobie conditions,

experiment are given in Table I,

Anaerobi

Aerobi *

Aerobich®

fFlasks closed with cotton plugs.
##Flaasks closed with rubber stopper to prevent evaporationm.

. LUENCE COF AERATION ON FIXATION

Control

Culture 1
Culture 2
Culture 3

Control

Culture 1
Culture 2
Culture 3

Control

Culture 1
Culture 2
Culture 3

Nitrogen
content

nem,/al.

10
85
75
76

10

OQB..O‘ < 0O

The results of this

000

(= Ne

The depressing effect of oxy, n wvas found to be greater in this

axperiment than in studiss by Jensen (7) and Proctor

Wilson (14) in

that no fixation at all wes obtained under aerobic conditions.

Vhen studying the physiology of nitrogen fixation it is often

negessary to conduet exper

nts during a phase of grovth when the



organi ms are actively firxing nitrogen. For thi reason a study was
made of the growth curve of Achromobgcter. Figure 1 is a typieal
grovth curve of strain N4 when grown undgr nitrogen gas in the presence
of about 30 miarograms of ammonium nitrogen per milliliter of edium,
The second lag phase was also observed in studies by Proctor and
Wilson (14) and is similar to that demonstrated by Pengra and Wil on
(11) for . aercgensg. Figure 2 illustrates the correlation between
grovth and the disappearan e of ammonium nitrogen, The fact that the
total nitrogen do hot inereape until the end of the second lag phase
(Figure 1) indicates that fixation of atmospheric nitrogen does not
occur until the end of the second lag phase, The fact that combined
nitrogen nears depletion at the same time that the initial growth
phaze reaches a maximm ( igure 2) indica s that the initial growvth
phase is a result of growth on ammonium nitrogen, These facts indicate
that strain N4 vill utilise nium nitrogen in preference to atmos-
pheriec nitrogen and suggeat that tha second lag phase may be a period
of inductiorn of the nitrogen fixing system,

The effect of wvarious partial pressures of nitrogen upon the rate
of fixation is illustrated in Figure 3, In this experiment optical
density elo ely paralleled cell mitrogen. This cloms relationship indi-
cated that optical density could be used as a measure of nitrogen fixed

in so0 eaxperiments.

HErdrogen» inhibition
HEydrogen has besn showvn to 1nhibit nitrogen fization by tof

the nitro fixing agents thus far reported, Figure 4 illustrates the
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Figure 1. Grovth Curve of Achromobacter N4 When Grown in the
Presence of a Limited Amount of
Ammonium Nitrogen
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Figure 2. Utilization of Ammonium Nitrogen by Achromobacter N4
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Figure 3. The Effect of Various Partial Pressures of Nitrogen
Upon the Rate of Fixation by Aghromobacter N4
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Figure 4, The Effect of Hydrogen Upon the Assimilation of Gaseous and
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specific inhibitory #ffect of hydrogen on nitrogen fixetiog by
Achromobacter Ki. Table II shcws the inhibitory effect of several
partial pressures of hydrogen on nitrogen fixation by thip crganism,

TABIE II. IRHIBITION (F NITROGEN FIXATION BY HYDROGEN
e el et W e | rn o e | T T AT R T b . TR

N fixed
% Hy in Initial N Final X in 7 hr., %
-atzosphere*  ngm./el.  agm./pl.  ugm./ml,  Sphibitden .
0 3 50 19 —
25 28 39 1n 42
50 32 38 3 62

- _ - .}
®The atmosphere above all cultures had a pl2 of 0,25,

Helium was used as the inert gas to bring the total pressure

in each flask to one atmosphers.

In hydrogen inhibition axperiments where turbidity of the cultures
vas used as a measure of growvth it was noticed that growth was not ex-
ponential., Therefore, the mamsure of nitrogen fixed during these expari-
ments could not be used in calculation of grovth rate constants, Be-
cause of this it could not be detarminmd whether the inhibition was

campetitive or non-campetitive,

Hvdrogenase
Al]l of the nitrogen fixing agents thus far investigated are

known to pPogsess hydrogenase. The faot that nitrogen fixation by strain
R4 48 inhibited by hydrogen indicates that this organism must possess
some enzyms such as hydrogemase vhich activates molecular hydrogen.

Thus far no cma bhas bssn able to demonstrate hydrogenase in this
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erganisn using conventional wAnometiric and Thunberg hyirogenase assays.

'bpieal results of Thunberg hydiogenase and glucoes dshyiogenase
assays vhich were made during thi5 stuly using washed whole cell suspen-
sions of strain N4 are shown in Figme 5, In experimsnts vhere c¢olls
were ot waesded prior bo uvee it wvea found that a considerabls amount of
endogenous dehydrogciase activity was present,

The formie hytirogenlyass system is by dafinition an enqyws =ysven
vhich brings about the cleavage ¢ farmmte to form hydrogen gas and
carbco dioxide. There has been some controversy as to whether formie
hydrogenlyase is a distinct enzyme, cr whether its esction is a yesult
of the coupled effscts of formic dehydrogenase and hydrogenase. The
farmsntation of sugar by strain P4 produces no gas., Although this gas-
less farmentation implies that the organisam has no hydrogenlyase systez
it wvas felt that an atteagt %0 demcnstrate such & system was warrented
Lecause of the possible participation of hydrogenase in thip &ysdam,
Figure 6 gives the results of & typiecal experiment showing that doth
carbon dioxide and hydrogen were formed frioe formate by the control
crganipnm but not by the jAghrgmobanter strain,

It is realized that in hydrogenase assays involving the uptake
cof hydrogen the ideal hydrogen aceeptor would be the phyaiological one
functicaing ia the cell, !lowever, the role cf hydrogemase in nitrogen
fixation is not definately established and therefore it was necessary
to salect several artificial accepiors for use in these assays. The
qualitative results of mano-metric assays for hydrogen uptake using
wvashed whole cell suspensions ara given in Table III,
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Figure 5., Methylene Blue Reduction by Intact Cells of

Aghromobacter N4 Using Hydrogen

and Glucose
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Figure 6, Formic Hydrogenlyase Activity Using
Washed Whole Cell Suspensions
Aerobacter aerogepes strain M5al with KOH &—~& yjthout K(H &—08

Achromobacter N4 vith KGH €—® without KGH 0—o©



TABLE III, HYDROGENASE ACTIVITY OF WASHED WHOIE CELL SUSPERSINS
WHEN ASSAYS FCR HYDROGEN UPTAKE WERE USED

Eydrogenase

Control astivity of Rydrogenase

Hydrogen organigm control activity of
Methylene blus AVO®= + -
Moal#* + -
Methyl viologen AVO - -
MSal - -
Benzyl viologen Mal - -
Janus green AVO + -
Potassium ferricyanide AVO + -

*izotobacter vinelandil strain 0 (Azotobacter agilis)
**Aerobacter gserogeneg strain Mal

Froa the results obtained with vhole cell suspensions of organ~
isme lmown to possess hydrogenase (Table III) it appears that certain
hydrogen acceptors such as methyl viologen and benzyl viologem axe not
satisfactory for use with whole cell suspansions, The fact that Pengra
(10) used these acceptors in demonstrating hydrogenase activity in
cell-free axtracts of A. gerogeneg suggested that impermeability might
be involved, In view of this several hydrogenase ausays vere conducted
using cell-free extzructs in which impermeability would not be a problem.
Results of one such assay in which bengyl viologem was used as the
hydrogen accepter are given in Figure 7. Figure 8 illustrates the
results obtained vhen methyl viologen and methyleme blue were employed
as the hydrogen acesptors.
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Figure 7. Hydrogenase Activity of Cell-free Extracts Using Benzyl
Viologen as the Hydrogen Acceptor

Aspglaier serogeney otraln M5al,, dndy
Aghromobacter ™ o—o
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Figure 8, Hydrogenase Activity of Cell-free Extracts Using Methyl
Viologen and Methylene Blue as the
Hydrogen Acceptors

Aerobacter aerogeneg strain MS5al - methylene blue a—4

Aeroba a strain M5al - methyl viologen &—0O
gggmggggg ﬁf = methylene blue > —e
om N, - methyl viologen oO—O




An enzyme such as hydrogenase is considered essential for the
oxidation of molecular hydrogen, In view of this an attempt was made
to demonstrate the Knallgas reaction where msolecular hydrogen is
oxidized to form water. The results of one such experiment are
shown in Figure O,

Since hydrogen is more often evolved than oxidized or fixed by
bacteria undar laboratory conditions the assay of Peck and Gest (9)
wap employed wherely hydrogen is evolved from reduced wethyl viologen,
The results of this experiment are given in Figure 10,

From the foregoing deseription of results it is evident that
conventional manometriec and Thunberg methods of asesay falil to demon-
strate the presence of hydrogenase in Achromobacter Ni. The results
of experiments conducted by Proctor and Wilson (14) in which the
deuterium-hydrogen exchanga reaction was used as the msthod of assay
indisate that hydrogenase is presemt, Confirmatory experiments should
be conducted to establish definitely the presence of hydrogenase in

Aghrogobacter N4i.
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Figure 9. Oxidation of Molecular Hydrogen by Oxygen

Azotobacter yinelandij strain O - hydrogen and oxygen &==9%
Azotobacter ¥ ng; ndij strain O - endogenous control &—9@

.mmm - hydrogen and oxygen o——o0
Achromobacter N4 - endogenous control e@—e
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Figure 10, Evolution of Hydrogen from Reduced Methyl Viologen

Agrobacter aerogenes strain M5al &—9
-Aghramotactar B4 o—o



S TMMARY

The physiology of nitrogen fixation by a nitrogen fixing species
of the gezus Aghron-buagwr ves studied, It vas fourd that this organism
produces relatively large amounts of acid during its gasless fernenta-
ticn of carbohyldiate, When growing anaerobically in a medium of a high
buffaring capacity it was found to fix abcut 70 micrograms of nitrogen
per milliliter ¢ medimm, Pimtion under aerobic conditions was not
obtaived. Grovth cwrve studies ~evealed that it will utilise ammonium
nitrogen in prefercace to gasecus nitrogewt and suggested that at least
coe of the enzymes necassary for nitrogen fization in this ~:"ganicm is
inducible, Rydrogera was shovm to be a specific dnhibitcr of the niirogen
fixing system. A hydrogenlyase sgystem oculd not be demonstrated. Using
conventicnal Thumberg and manometrir methods of easay no hydrogenase
aclivity wvas found in either whole cell suspensions or cell-free extracts
of this orgzaiem,
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