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The effect of various cultivation conditions on the accumulation of poly-3-hydroxybutyrate (PHB) and
nittogenase activity was investigated in Azotobacter genus bacteria strains. The main regulation
faciors of culture growth and PHB accumulation were established to be the aeration level and iron
ior concentration in dependence of the nitrogen source. Under the cultivation conditions used,
bi~mass maximum yields for polymer accumulating cultures are higher with low and mean aeration
levels. The use of sucrose or fructose as a source of carbon, with an increase of the FeSO4*7H20
in the medijum from 0.005 g// to 0.05 g/l causes an increase in the biomass by 1.2 to 2.0 times and
an increase in the PHB yield. A decrease in the iron ion concentration in the medium results in an
inciease of oxygen consumption. Introduction of ammonium ions to the medium activates the
g/c *mate dehydrogenase pathway of ammonium assimilation.
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INTRODUCTION

Azotohacter spp. of bacteria typically have a combination
of propertics such as high nitrogen-fixing and respiratory
activitics and the ability to accumulate large amounts of
reserve carbon compounds and energy in the form of
poly-3-hydroxybutyrate (PHB). The process of nitrogen
fixation in nitrogen-fixing cells is closely associated with

- energy metabolism, electron transport and ammonium

assimilating pathways. In the Azorobacter genus there
exists i close association of nitrogen fixation with PHB
metabolism.

Most strains of this genus may accumulate up to 10 mg
of nitrogen per 1 mg of consumed carbon. This value
depends on the strain properties and microorganism
cultivation conditions (nutrient medium composition,
acidity. temperature, aeration).

Our aim was (o study the interrelation of respiratory and
nitrogenase activities in Azotobacter genus strains which
differ 1n their level of PHB accumulation.

MATI-RIAL S AND METHODS

Azotobacter venus strains from the collection of the
A. Kirchendteins Institute of Microbiology, which dif-
fered in PHB accumulation, were uscd.

Sceding matcrial was cultivated on Ashby medium at a
temperature of 28 °C for 48 hours, and modified Berk’s

medium served as a basis for all liquid nutrient media [4].
Cultivation of microorganisms in liquid nutrient media
employed 750 ml Erlenmeyer flasks containing 75 ml,
125 ml and 250 ml nutrient medium, as well as 50 ml
bottles containing 20 mi medium. Cultivation was done
in a thermal chamber at a temperature of 28 °C on a
rotary shaker at 220 rpm.

Nitrogen-fixing activity was determined by the acetylene
procedure [7].

The content of main biomass components was deter-
mined IR-spectroscopically [1].

RESULTS AND DISCUSSION

A number of Azotobacter genus cultures, belonging to
various species (A. chroococcum, A. vinelandii, A. beije-
rinckii, A. indicum and A. agilis), were tested. Various
strains of a single Azorobacter species varied widely in
the level of reserve polymers. For instance, under similar
growth conditions the content of PHB may differ from
0 1o 90% of biomass dry weight. Some cultures also
produce polysaccharides in significant amounts, reach-
ing 507 dry weight. Two cultures which actively accumu-
late PHB werce also studied (A. chroococcum C7 and C8),
as well as one which moderately accumulates PHB
(A. vinelandii V2) and a culturc which accumulates the
polvmer in trace amounts (A. vinelandii V1).
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Table 1

THE EFFECT OF THE CARBON SOURCE AND CULTURE AGE ON THE CONTENT OF MAJOR COMPONENTS

IN THE BIOMASS OF VARIOUS Azotobacter spp.

e Component content, %
::I)t'u(;i Carbon source, % C:xil'::a:ron Biomass, mg/mi
’ PHB protein lipids polysacuarides

c7 Glucose 24 2.08 83.4 6.0 3.5 32
48 5.72 81.2 6.2 5.8 10
72 6.14 80.4 63 6.9 12
Fructose 24 1.94 87.2 5.5 1.5 1.4
48 4.75 853 59 7.3 13
72 6.34 80.2 6.2 10.2 13
c8 Glucose 24 0.50 8.5 68.7 3.0 42
48 1.92 80.1 12.2 2.4 23
72 372 88.7 4.0 1.5 1.0
Fructose 24 0.42 14.5 58.4 2.7 2.1
48 2.48 80.1 12.2 23 23
72 3.48 82.2 10.4 32 2.8
\2! Glucose 24 0.67 0 58.3 4.5 194
48 1.55 0 62.2 9.7 14>
72 1.41 0 514 17.5 14.3
Fructose 24 0.59 0 723 2.5 75
48 093 2.4 67.1 23 19.2
72 2.39 43 63.2 6.3 7.4
V2 Glucose 24 0.61 4.5 71.2 5.4 S0
48 1.31 223 532 48 42
72 2.48 29.2 46.5 43 32
Fructose 24 0.61 0 72.1 32 55
48 1.71 18.0 582 2.0 5.3
72 248 212 55.4 2.1 58

To determine the levels of PHB accumulation and the
time period of its formation, we first investigated the
growth dynamics and biomass composition of .4zorobac-
ter strains by cultivation on media with glucose and fruc-
tose (Table 1). Intensive PHB accumulation usually
starts with the 24th hour of culture growth, which cor-
responds to the end of the growth logarithmic phase and
the beginning of the stationary phase for the growth of
periodic cultures of most Azotobacter genus strains |2,
10, 13]. The obtained results indicate the maximum
levels of the polymer accumuiation. The cells of the two
active producers, C7 and C8, contained respectively 87.2
and 88.7% PHB. These values are practically equal, but
the maximum PHB accumulation in C7 cultures occurs
much carlier, with the total yicld of the polymer reaching
5 mg/ml, while only 3.42 mg/ml in the C8 strain. The
weakly accumulating culture V2 synthesizes up to 29%
PHB, and V1 in trace amounts up to 4%. The effect
of the carbon source on PHB accumulation and total
biomass yield under these cultivation conditions is
insignificant.

Oxygen is known as a growth and PHB accumulation
regulating tactor for Azorobucter. The comparative effect
of various acration levels in PHB accumulating and non-
accumulating Azorobacter spp. strains was investigated.
Maximum biomass yiclds for polymer accumulating cul-
tures were higher with low and medium acration levels,
while no significant differences were observed for
the non-accumulating culture V1 (Table 2). The higher
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biomass yields with low and medium aeration levels are
explained by PHB accumulation, since the respiatory
activity is enhanced, but the polymer accumulatio. level
is decreased, with high O2 (5, 9, 12].

Oxygen limitation leads (0 an increase in the NADH/ |
NAD" ratio, inhibiting the tricarbonic acid cycic and |
thus increasing the intracellular acetyl-CoA level. Thisin
turn increases PHB synthesis |8, 9, 13]. Biosynthcsis of
large amounts of PHB consumes much NAD(P)H,

Toble 2

THE EFFECT OF AERATION LEVEL ON ‘THE GlhoWTH
OF Azotwbacier spp. BACTERIA IN BURK'S MI'DIUM WITTH
2% GLUCOSE

No. of Aeration Biomass, mg/mi
culture medium, mi 24 hr 48 hr 2 0r
7 250 2.06 4.09 584
125 3.05 6.22 576
75 2.64 5.36 4.20
CR 250 0.53 1.59 3.49
125 0.75 1.75 3.52
75 1.01 1.70 197
V1 250 0.58 .86 1.22
125 0.70 1.27 1.54
7S 0.77 1.38 1.57
250 0.45 1.40 2.40
V2 125 0.61 2.20 339
75 .30 1.95 2.26




i.e., PHB functions as an electron shunt. This process
may compete with nitrogen fixation for reduction
equivalents. In case of a lack of an exogenic carbon
source and encrgy, PHB may "release” preserved reduc-
tion equivalents required for nitrogen fixation and
NADH forming upon polymer catabolism under the ef-
fect of transhydrogenase. This restores NADH required
for nitrogen fixation. The nitrogen fixing activity of
strains C7, C8, V1 and V2 was investigated, in depend-
ence on cultivation conditions. Medium factors, such as
carbon source, iron salt concentration and presence or
absence of ammonium salt, i.e. factors regulating the
culture growth and PHB accumulation, were varied. The
attained results (Table 3) showed the following.

1. The presence of ammonium ions in sucrose medium
inhibits nitrogenase activity and increases the biomass
yield in all cultures investigated. The activity of the am-
monium assimilation enzymes may be associated with
the activity of nitrogen fixation via product-substrate.
Earlier, we established that a low ammonium-pathway
of ammonium assimilation (glutamine synthetase/gluta-
mate synthetase) in 4zotobacter genus cultures practical-
ly does not depend on conditions of cultivation. Intro-
duction to the medium of ammonium ions activates a
high ammonium-glutamate dehydrogenase pathway of
ammonium assimilation, which decreases energy con-
sumption and stimulates synthesis of the main cellular
components.

2. A decrease in the iron ion concentration in the
medium leads to an enhancement of nitrogen fixation
and a simultaneous increase in oxygen consumption
(Table 3). These data correlate with the results of
electron microscopy. For instance, in the cells of
Azotobacter strains with low ion concentrations on
media with fructose or sucrose, a large number of in-

tracellular membrane formations are observed, wuich is
probably associated with an increase in the amount of
membrane-bound cazyme systems of nitrogen fixation
and respiration. Hence, iron ions exerting an eticct on
redox processes in the Azotobacter cells, stimula. bio-
logical processes such as synthesis of main and reserve
biopolymers. The detected regulatory factors of cultiva-
tion (iron and ammonium ions and aeration) significant-
ly change the amount of main and reserve biopo.ymers
that can be employed for purposeful PHB production
(Table 1).

NAD(P)H, which is required as an electron donor for
the nitrogenase reaction in Azotobacter spp. and .s well
for the synthesis of PHB, was shown upon acetyl-CoA
reduction to S-oxybutyryl-CoA to form mostly in glucose
catabolism by the Enetner-Doudoroff pathway and
isocitrate NADP " -dependent oxidation in the Krebs
cycle; the latter is considered to be a major NADPH
source for the process of nitrogen fixation [12}). However,
electron generation in vivo for the nitrogenase system
reduction has not yet been investigated sufficienly [6].
The major amount of reduced equivalents formed in
the Krebs cycle are employed for ATP regeneration
by oxidative phosphorylation. The respiratory cnain of
A. vinelandii is branched and possesses three conjugation
sites for phosphorylation. The phosphorylation «ficien-
cy at these sites is not similar and depends on the oxygen
concentration. This permitted Postgate et al. to put for-
ward a hypothesis that the respiratory chain ot . izoto-
bacter bacteria not only performs the function of re-
generating ATP, but also protects nitrogenasc from
being inhibited by oxygen [11].

Oxygen partial pressure is an important factor regulating
nitrogen fixation in the micrpbial cell. Tt is assunicd [14]
that oxygen is capable of inhibiting nitrogenase tivity

Table 3

NITROGEN-FIXING ACTIVITY AND CONSUMPTION BY Azotwbacter spp. STRAINS IN DEPENDENCE ON IRON ANO
AMMONIUM ION CONCENTRATIONS IN THE CULTURE MEDIUM

Medium . Nitrogenase Oxygen
No. Biomass, - i
activity nmole/mg consumption
of culture Carbon source, FeSO4°7H20, NH4H2POa4, mg/ml dw. mkMO-/ml dw.
2% g/ 2.0 mM

Vi Sucrose 0.005 - 1.2 1831.1 167.2
" 0.050 1.4 1503.0 123.7

i 0.050 1.4 405.0 47.5

Glucose 0.050 - 1.4 1588.6 1372

V2 Sucrose 0.005 - 1.6 1337.6 116.3
" 0.050 - 1.8 1189.5 81.9

" 0.050 3.6 306.2 57.2

Glucose 0.050 - 1.6 1243.6 11v.4

Cc7 Sucrose 0.005 . 1.4 1615.1 169.7
" 0.050 - 2 1440.7 137.2

" 0.050 34 356.3 56.9

Glucose 0.050 - 1.4 1489.7 123.9

8 Sucrose 0.005 - 1.8 1341.5 1144
"o 0.050 2.6 777.3 781

0.050 + 4.0 405.3 53.1

Glucose 0.050 - 1.6 1319.7 129.4
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at four sites: (1) at the site of electron photochemical
transport which results in a decrease of reduced flavo-
protein directly associated with nitrogenase; (2) at the
electron acceptor site where reduced flavoprotein trans-
fers its electrons to nitrogenase; (3) at the site of ATP
hydrolysis; and (4) at the substrate-binding centre.

A complete repression of nitrogenase synthesis is ob-
served with increase in oxygen partial pressure (over
0.2 atm for Azotobacter). At lower oxygen partial pres-
sures, nitrogenase synthesizes and functions due to the
existence in the cell of special mechanisms of protection
from oxygen.
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