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NUTRIENTS AND PIGMENTATION

Some Factors Affecting Pigmentation of
Azotobacter Chroococcum
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Boron is utilized by the azotobacter cell and exerts a positive effect upon pigment pro-

duction and pigment coloration of Azotobacter chroococcum.

Optimum pigmentation in

nitrogen-free media occurred at concentrations of 70 p.p.m. of boron and 1.0 p.p.m. of

copper.

produces the pigment, melanin.
production when an optimum concentration of copper is present.

Azotobacter chroococcum appears to contain a Dopa oxidase system which
High concentration of boron appears to inhibit pigment

When used as the

source of nitrogen, tyrosine and glutamic acid increased pigmentation by Azofobacter chro-

ococcum.

THE ROLE OF MINOR ELEMENTS in the
nutrition of plants and animals is an
important one. The essentiality of these
elements is unquestioned but their exact
role in life processes is yet to be deter-
mined. The minor element, boron, and
its influence on higher plant life have
been the subject of intensive study.

Leggatt (70) reported that boron ap-
plications corrected abnormal sprouting
of peas grown in a boron-deficient soil.
Boron was suggested by Woodbridge
(78) to be of importance in the formation
of the middle lamella of plant cells.
Brenchley (3) indicated that boron is
important in the growing tips of plants,
as boron deficiencies appear first in this
region. Bobko ¢t al. (2) concluded that
in presence of boron, nitrogen and ash
elements were utilized more eficiently
and were assimilated more rapidly.
Furthermore, Scripture and McHargue
(77) and Briggs (4) noted that in boron-
deficient plants soluble organic nitrogen
compounds accumulated. This indicated
that the amination of carbohydrate de-
rivatives is inhibited. In the micro-
biological field, Mulder (73) and Brench-
ley (3) have shown that nodules are not
formed on Leguminosae in boron-deficient
soil. Jordan and Anderson (9) found
that the addition of boron increased the
amount of nitrogen fixed by Azotobacter
chroococcum.

Copper is another micronutrient of

importance in the metabolism of plants
and microorganisms (6, 74), and its role
in the formation of melanin pigments has
been established (5, 75). Copper is
concerned in the enzyme activity that
brings about the conversion of tyrosine
and other precursors to melanin (8).
Copper is also known to be important in
the conversion of 3,4-dihydroxyphenyl-
alanine (Dopa) to melanin (7). In-
creased pigment production by Azoto-
bacter chroococcum in the presence of added
boron was noted in earlier experiments
and emphasis has been placed on a study
of pigmentation because of the wide im-
portance of melanoid pigments, which
are implicated in reactions occurring in
such areas as soil maturation, food
spoilage, and malignant melanomas.
The object of this experiment was to
investigate further the effect of boron on
Azotobacter  chroococcum,  Studies were
made on the absorption of boron by the
azotobacter cell. The effect of boron,
copper, and amino acids upon pigmenta-
tion was investigated and corollary
studies were made of the influence of
boron and copper in the 3,4-dihydroxy-
phenylalanine oxidase system.

Experimental Methods

Bacterial cultures used in this study
were two strains of Azotobacter chroococcum.
Strain 1 was a freshly isolated culture
selected for its high pigment production.
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Strain 2 was a laboratory culture carried
on laboratory media for many years,
selected for its low pigment production.
Unless indicated all results reported
were obtained with strain 1.

The basal medium used was a nitro-
gen-free agar described by Martin (77).
This served as the basic culture medium
for studying microbial responses to
metallic ions and added nitrogenous
substances. The mineral nutrients added
to the basal medium were sterilized
separately and added to the Petri plates
in solution form. Boric acid was added
at rates of 14, 70, and 112 p.p.m. of
boron. Hydrated cuprous sulfate was
added at rates of 0.1 and 1.0 p.p.m. of
copper. These ranges of concentration
were considered sufficient to cover the
beneficial effects of these ions on pigment
production without serious inhibition of
microbial growth. For the study of pig-
ment production in the presence of
available nitrogen, 0.19, of the nitrog-
enous substances was added to the basal
medium described above. It was neces-
sary to add certain amino acids such as
cysteine at a concentration of 0.059, be-
cause of lower solubility. The basal
medium and the added mineral nutrients
were then mixed in the Petri plates and
allowed to solidify, and the inoculum
was added.

The inoculums used were prepared by
culturing the organisms on nitrogen-free
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ment formed in one half the time. After
boron was added to the 3,4-dihydroxy-
phenylalanine-azotobacter mixture, a
change was noted in the conversion of
3,4-dihydroxyphenylalanine. The final
color produced was a red-brown pigment
which did not change upon further incu-
bation. It is evident from these tests
that boron has a definite influence in
the conversion of melanin precursors to
melanin.

The various data have shown that the
presence of boron, copper, and specific
amino acids causes increasing pigmenta-
tion of azotobacter, with boron causing
the production of a definitely redder
pigment in the basal medium. This
indicates that boron inhibits the complete
oxidation of pigment precursors to
melanin. The inhibitive action evi-
dently occurs after hallochrome forma-
tion (red pigment, I1I), according to the
following scheme of Raper (76), which
has been substantiated by Mason (72)
by spectrophotometric and manometric
analysis:
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The effect of copper both in the basal
medium and in the 3,4-dihydroxyphenyl-
alanine solution was to influence the
rapid formation of a dark brown to black
melanoid pigment. This indicates that
the above scheme was not inhibited but
enhanced by the presence of copper. In
the experiments where boron and copper
were combined, a moderate amount of
boron (14 to 70 p.p.m.) did not greatly
inhibit the oxidation of the pigment
precursors to melanin. However, at
higher ranges of boron concentration the
pigment-producing ability of the accom-
panying copper was restricted and fre-
quently no appreciable pigmentation
was noted. These results suggest that
the presence of boron in higher amounts
blocks the activity of copper by influenc-
ing the enzymatic activity in a direction
which produces a substance that is not
readily and completely oxidized to
melanin even in the presence of copper.
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Lime Papers and Indicator Plants in Fluorine
Air Pollution Investigations

V. L. MILLER, D. F. ALLMENDINGER, FOLKE JOHNSON, and DOROTHY POLLEY
Western Washington Experiment Station, Puyallup, Wash.

Industrialization has increased the possibility of air contamination from effluent fluoride
in a number of areas of the state of Washington. This paper reports results of a search
for inexpensive methods that may be used to detect atmospheric fluoride and to delineate
areas where it may be an economic factor with respect to farming. The use of gladiolus
and lime-treated filter paper is described as a method of estimating areas where sufficient
fluorides are in the air to increase the fluoride content of forage used for cattle pasture.

THE INGREASING INDUSTRIALIZATION
of the state of Washington as well as
other parts of the nation has resulted in
the problem of air pollution damage to
agricultural crops. As there are at least
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five locations in the state of Washington
where there are possible atmospheric
fluoric effluents, an inexpensive and re-
liable method of estimating damage areas
is needed. The agricultural interests
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involved in these areas in this state in-
clude dairy and beef cattle, gladiolus
plantings, and Italian prune and other
orchards.

Adams et al. (7) described an air-



