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ABSTRACT

Nicotinic acid derivatives were used to study their effects on growth and sporulation of bacilh.
Nicotinic acid neither inhibits the growth nor the sporulation while methyl and ethyl nicotinates
inhibited sporulation, utilization of organic acids and polybetahydroxybutyrate synthesis/
utilization without affecting growth. Nicotinamide treatment produces more than 95% heat
[abile spores with less dipicolinic acid levels and its effects could be reversed with the addition of
exogenous dipicolinic acid. A model has been proposed depicting possible sites of action of
nicotinic acid derivatives during growth and sporulation of bacilii.

INTRODUCTION active culture procedure'® and an appropriate

amount of test compound was added at zero time ()
HE process of sporogenesis is an unique eventin  followed by incubation at 30%+1°C on a rotary

the hife cycle of bacilli which has been studiedin  shaker. Growth was monitored spectrophotometri-
detail to understand the mechanism of differentia-  cally at 600 nm. The total viable counts (TVC) and
tion. Dormant spore and its corresponding vegeta-  heat stable counts (HSC) were determined'® by
tive cell of a bacillus species is completely cdiffieremt  plating an appropriate dilution on nutrient agar
in many respects, such as water content!, low followed by incubation of petri plates at 37°C for 24
molecular weight proteins?, dipicolinic acid (DPA),  hr. The DPA, polybetahydroxybutyrate (PHB) and
intracellular® pH and resistance to various physical  volatile organic acids were extracted and
and chemical factors®. Use of various chemicals has  determined!. The cell-free extracts were pre-
been reported to understand some of the spore-  pared from 7 hr cultures and the citrate synthase
specific events during sporogenesis such as inhibitor  and the aconitase were assayed'*'?
of sporulation and/or heat resistance®>®, The present

communication reports studies to elucidate the RESULTS AND DISCUSSION
effects of some of the nicotinic acid derivatives on
the growth and sporulation of bacilli. Data presented in table 1 show that nicotinic acid
failed to inhibit either growth or sporulation. This
MATERIALS AND METHODS observation is quite interesting because a-picolinic

acid (structurally related compound) specifically
The work was carried out with Bacillus cereus T  inhibits sporulation in bacili without affecting
and Bacillus megatarium QM B1551 obtained from growths*f'. This is also intriguing and difficult to
Prof. P. Setlow, University of Connecticut, Health  explain on the basis of the present observations.
Center, Farmington, Conn., USA. The organisms  Methyl and ethyl nicotinate specifically inhibat
were grown in a liquid medium containing (g/l of  sporulation (table 1), utilization of organic acids and
distilled water):- D-glucose, 0.1; yeast extract, 0.2;  PHB synthesis/accumulation (table 2) without
K,HPQ,, 0.05; CaCl,, 0.01 and a mixture of mingral affecting the growth. Similar observations have been
solution whose composition was descnibed else- reported with ethyl picolinate®, The effect of ethyl
where’. Solutions of D-glucose, KH{PQ,, CaCl, picolinate was completely reversed with the addition
and yeast extract were prepared separately, auto-  of ferrous ions®, Ethyl nicotinate inhibition, on the
claved and added before inoculation. The pH of the  other hand, could not be reversed even with various
medium was adjusted to 7.0+ 0.1 before steriliza-  metals, amino acids, vitamins, and TCA cycle
tion. The organisms were grown by following an  intermediates either alone or in combination.
Lthyl nicotinate treated cultures accumulate orga-
* For correspondence. nic acids in the medium which are not utilized by the



Rl6
Table 1 Effects of mcotimic actd derivaiives on growth
and sporulation of bacillt
Per cent
Counts'mi of maximum
™C

Treatment (x10%) HSC HSS DPA
Contro) 210 2.10x10% 100 100
Nicotinte acid
{1 mg/ml) 2,11 2.10x108 100 100
Methy]l micotnate
(3.0 x 107°M) 2.00 <10* <2 <2
Ethvinicotinate
(3.0x 107" M) 2.10 <10? <2 <2
Nicotinarmde
(1 mg‘mi) 210 35%x10° <5 10~15
NA+DPA
(400 pg'ml) 2.0  2.1x10° 100 105

The data represent average of duplicates using B.
megaterium and similar data were obtained with B. cereus
under the same conditions. Data collected after 30 hr of
growth,

Table 2 Determination of volanle organic acids and
polybeta-hydroxy-butyric acid

Per cent of maximum

Volatile organic  Polybeta-hydroxy

Treatment acids 1n the mediom butyrate in the cells
Control 2-4 100
Nicotinic acid 3-5 100
Methyl nicotinate 100 >
Ethy! micotinate 100 3
Nicotinamide 3 100

Organic acids and PHB were determined from 7 hr
cuftures by following publishcd procedures'®!?, These
data represent the average of five expeniments.

Table 3 Estimation of TCA cycle enzymes in the cell-
free exiracts of B. cereus

Per cent of maximum activity

Aconitase

Treatment Citrate synthase

Control 100 100
Methyl nicotinate <5 <5
Ethyl nicotinate <5 <5

The cell-free extracts were prepared from 7 he cultures
and represent the average of five expenments. The
enzymes were assayed as mentioned'? i the text.
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cell suggesting a possible block in TCA cycle. Based
on this assumption, in virro studies were carried out
on TCA cycle enzymes using cell-free extracts. Data
presented In table 3 suggest inhibition of citrate
synthas¢ and aconitase by ethyl nicotinate treat-
ments. These enzymes are expressed during station-
ary phase in bacilli for energy generation and
providing intermediates for spore constituents, Our
data suggest a possible repression of these enzymes
by ethyl nicotinate and therefore, organic acids are
not utilized further for energy purposes and cell
constituents synthesis.

Another nicotinic acid denvative, nicotinamide
treatment exhibited completely different effects on
sporulation. It did not affect either the growth,
sporulation, organic acid utilization or PHB accu-
mulation/synthesis (tables 2 and 3) but produces
more than 95% heat labile spores (table 1) with less
amount of DPA (about 10-15% of the maximum).
These spores germinate poorly (15-20%) and ger-
mination ability was completely lost on storage at
4°C for 2 months (data not given). Prehminary
reversal studies showed that nicotinamde effects
could be restored with the addition of exogenous
DPA along with nicotinamigde (table 1). This
observation shows that nicotinamide possibly inter-
feres with the intermediate(s) of DPA synthesis
which highlights the significance of DPA' in the
development and/or maintenance of thermoresist-
ance and germination of dormant spores.

Based on these studies, a model 1S proposed
(figure 1) depicting the possible site(s) of action of
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Figure 1. Model showing possible sites of action

of nicotinic acid derivatives during growth and
sporulation of bacill.
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various nicotinic acid derivatives during growth and
sporulation of bacilli.
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IS Atlas of Science®: Pharmacology, 1s the first in
a series of quarterly science journals published by
the Institute for Scientific Information®.

ISI is a leading publisher of information products
and services for the scientific and scholarly com-
munities, including well-known publications such as
Current Contents® and the Science Citation Index®.

The ISt Atlas of Science is based on the concept
that citation analysis can be used to identify and
track areas of intense research activity—a concept
that has been used successfully in ISI products such
as the SCI® for over two decades.

The development of each ISI Atlas of Science
section starts with a computerized analysis of over
740.000 research papers published in 4,800 scholarly
journals. Using co-citation analysis, 1SI assembles
bibliographies of the most active arcas of scientific

research. These bibliographies are then reviewed by
an Editorial Advisory Board to help select experts
to write concise, systematic surveys of the topics
identified by the bibliographic analysis. The result is
a series of quarterly publications charting the
evolving research of science, medicine, and tech-
nology.

The IS] Atlas of Science series will consist of 12
sections, each focusing on a specific area of research
activity. The publication of the premier issue of I3/
Atlas of Science: Pharmacology—the first Adas
section—-marks the start of a four-year plan to begin
regular publication of all 12 sections of the Adas
series.,

For subscription and more information, contact
Antoinctte Kappler, ISU Customer Senvices, at 3M)]
Market Street, Philadelphia, PA 19104, USA.



