functions separate from those of retinol
or retinal (/5). Whether retinoic acid or a
tissue metabolite derived from it is the bi-
ologically active compound is unclear
(I15). Retinoic acid, to our knowledge,
has never been reported as present in
brain. Nevertheless, a distinct possibility
is that the gene defect in Batten disease
involves an enzyme or enzymes that ca-
tabolize retinoic acid. It is of interest that
the lamellated character of CLB’s re-
quires thé presence of cholesterol and
phospholipids and that vitamin A deriva-
tives can readily form lamellated mi-
celles with phospholipids (/6). Finally,
since lipofuscin or the so-called age pig-
ments in neurons have fluorescent prop-
erties similar to those of CLB’s, it seems
important to reinvestigate their chemical
composition in the light of this research
uzy.- . \
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Nitrogen Fixation in Grass-Spirillum Systems

Smith et al. (I) indicated that nitrogen
fixation by Spirillum lipoferum reduced
the fertilizer requirement for two grasses
by up to 0.6 kg of nitrogen per hectare
per day. The number of bacteria applied
was not exactly specified, but assuming
rows 18 cm apart, about 4 X 10'* bac-
teria would have been applied per hec-
tare. Each applied bacterium thus seems
to be responsible for replacing (but not
necessarily fixing) on the order of 1.4 X
1071 g of nitrogen per day, a rather
astounding feat for an organism which
must at the onset weigh 1/10 to 1/100 of
that. Since the growth rate of S. lip-
oferum and its efficiency of root infection
are unknown, it is impossible to estimate
the true efficiency of nitrogen fixation.
Nonetheless, the association seems to be
very efficient indeed. Smith et al. do not
address this point and do not report com-
plete nitrogen balances. Moreover, they
do not begin to satisfy the spirit of
Koch’s postulates of microbial causality
by correlating nitrogenase activity with
growth enhancement in the putatively
infected plants. In the light of the recent
demonstration by Brown (2) that Azoto-
bacter paspali may enhance grass
growth by producing growth regulating
substances, it seems to me premature to
conclude that it is S. lipoferum’s ability
to fix nitrogen which is enhancing grass
growth.
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Carefully controlled experiments have
demonstrated that the bacteria used in
our experiments can invade grass root
tissue (/) and that the colonies that result
can reduce acetylene to ethylene (2).
Further, Burris er al. (3) have demon-

strated Koch’s postulates working with
monoaxenic cultures. These observa-
tions clearly justify testing under field
conditions to determine whether in-
oculation may induce nitrogen fixation.
We did not suggest that the cells applied
to the soil, to achieve inoculation, could
fix a significant amount of nitrogen. We
assumed that a dynamic population in-
crease would occur, as is well known
with Rhizobium systems.

The report by Brown is not the first to
demonstrate production of plant growth
substances by bacteria. Indeed, many
bacteria are known to produce such sub-
stances. However, this has not been
shown with Spirillum lipoferum , where-
as the ability to fix nitrogen has. We
agree that the data at hand are limited
and do not show unequivocally the rea-
son for enhanced plant growth. We hope
that other scientists will be encouraged
to contribute to the solutions of problems
confronting a nitrogen-deficient world.
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