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BACTERIA AS CONDENSATION NUCLEI

by
J.R. SNIDER®), R.G. LAYTON® G, CAPLE®, D. CHAPMAN®.

RESUME

On a constaté que deux souches de bactéries aptes & la nucléation de la glace
(INA), Psuedomonas syringae et Erwinia herbicola » Produisaient la condensation
100 % d’humidité sur des substrats de filtres. Un mutant de P. syringae , non-INA,
n’a pas produit de gouttes dans des condjtions semblables, A 0,5 % de sursatura-
tion, les aérosols de bactéries INA et non-INA sont des noyaux de condensation
actifs. Ces découvertes préliminaires - 1) impliquent que I'activité de congélation
apres immersion & température positive et / ‘aptitude a la condensation peuvent étre
interdépendantes, 2) rendent compte de ['aptitude possible des bactéries & /a
nucléation aprés un transport dans air, et 3) améliorent notre compréhension du
mode de nucléation de /a glace par les bactéries dans I'atmosphére et 3 la Surface
des plantes. Les changements de /'activité nucléante aprés immersion de P. syrin-
gae dus a/a dilution, au pH ambiant et 3 / ‘alimentation ont également fait | ‘obfet de
recherches. Les concentrations atmosphériques en bactéries ont été Suivies en
deux endroits ; les concentrations observées en organismes viables varient en
fonction du lieu de collecte, de I’humidité relative, et des dimensions des particules
associées aux bactéries recueillies.

ABSTRACT

Two strains of ice nucleation active (INA) bacteria, Psuedomonas syringae
and Erwinia herbicols, were observed to produce condensation at 100 % humidity

under comparable conditions, Both INA andl non-INA bacterial aerosols were
obsgr\{ed to be active condensation nuclej at 0.5 % supersaturation. These
preliminary  findings @ 1) imply that warm immersion freezing activity and

condensation ability may be interdependent, 2) are significant in terms of the

concentrations of bacteria were monitored at two sites ; the observed
concentrations of viable organisms varied depending on the location of collection,
relative humidity, and particle size associated with the collected bacteria,
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condensation nuclei at supersaturations less than 1 %. Aerosols were generated with a
Devilbiss Glass Nebulizer (The Devilbiss Co., Somerset Pa.) whose output was calibrated.
The generated aerosol was mixed with dried air and stored ina 0.1 m® mylar bag. Droplets
which activated in a thermal diffusion chamber (TDC) at 0.5 % supersaturation were
counted photographically.

An Andersen multistage impactor was employed to segregate by size viable airborne
bacteria at a rural lakeside site 20 miles east of Flagstaff, and from the roof of the NAU
chemistry building in Flagstaff, Arizona. Sampling was conducted between August and
November 1983. Petri plates containing trypticase soy agar supplemented with 0.1 %
cycloheximide were employed for the collections.

RESULTS.

a) Condensation nucleation.

Drops large enough to count were apparent on filter surfaces 10 hours after placing
dried filters in the humidifying chamber. On the filters covered with bacteria the drops
appeared uniform in size and were evenly dispersed over the filter surface. The range in
drop sizes and the coverage on the blank filters were less uniform. The collected data are
presented in Figure 1. Although the background is high and variable, a significant
difference is noted between the number of drops appearing on the blank filters compared
with those filters containing INA bacteria. The experiment indicates that the two
organisms which were observed to also be INA possess wettable cell surfaces. The lack of
proportionality between filter droplets and bacteria is thought to be due to interactions
between the growing droplets (e.g. competition for vapor and coalescence). Although
the colony morphology and the responses to a battery of biochemical tests were identical
to the INA P. syringae, the non-INA organism was not observed to produce any
significant condensate under comparable conditions.
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FIG. 1. — Number of counted drops vs. the number of live bacteria deposited on the filter surface. Each data
point is an average of 2-4 replicate filters, Vertical lines indicate the range of observed values.
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fog indicate that live cell concentrations were higher in foggy air. Cell death due to
desiccation and other factors such as increased vertical mixing and solar insolation are
thought to be important factors contributing to this difference.

c) Immersion freezing studies.

We have observed significant pH changes during the exponential growth phase of
P. syringae cultures. The freezing spectra of a stationary culture (pH = 9.0) diluted either
in KCB (pH = 6.8) orin culture filtrate (pH = 9.0) are compared in Figure 3. When filtrate
is used as a diluent, freezing activity between —6 and —8 °C is enhanced. The KCB
diluent was found to promote nucleation at temperatures warmer than —2 °C. The
difference in freezing behavior at warm temperatures is thought to reflect the
dependence of bacterial nucleation on oxidizable organic molecules (j.e. citrate).
Differences at temperatures colder than —6 °C may be the result of changes in cell
surface characteristics (e.g. surface charge) induced by the pH alteration.

An additional feature of the differential spectra shown in Figure 3 is the enhanced
activity apparent in all INA samples between —5 and —3 °C. Dilution in either KCB or
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FIG. 3. — Differential freezing spectra obtained via dilution of stationary phase P, syringae cultures. Labels
indicate the live cell concentration {cm-3) and the fraction of tested drops frozen by —10 °C,

culture filtrate produces a monotonic decrease in the height of this peak. Nucleus
concentrations in this temperature interval are plotted versus live cell concentration in
Figure 4.

The growth and freezing histories of 2, syringae in a broth which contains ethanol as
a substitute for citrate are also shown in Figure 4. This comparison indicates that ethanol
initially inhibits both freezing and reproductive activity, however by 30 hours the
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surface. Perhaps as intriguing is the possibility that microbial nuclei represent a means of
interaction and feedback between surface biological processes, the physics of
precipitation development and the efficiency of its delivery.
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