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SUMMARY

The ice nucleation activity of the bacterium P.syringae CCM 4073 was de-
termined by a drop freezing technique and expressed through the relative
freezing nucleus spectrum - fraction of nucleation active cells vs tem-
perature. The spectrum was found to be independent of cell concentra-
tion, quite stable within periods of the order of 1 h, and “step-wise",
the steps being most conspicuous at -5°C and -9°C.

INTRODUCTION

The most effective ice nucleants found to date in nature are some
strains of bacteria (Lindow, 1983; Warren, 1987; Levin and Yankofsky,
1988), providing freezing nuclei (FN) - foreign particles inciting
freezing of water from inside the liquid phase - active at temperatures
as high as nearly -1°C  (Schnell, 1976). Recently, ice nucleants of
biological origin are paid the more and more increasing attention in
many diverse fields of human activity (Warren, 1987).

The most frequent method for testing an ice nucleation activity
(i.n.a.) of bacteria is a drop freezing technique, providing information
on the freezing nucleus spectrum in the tested aqueous sample (Vali,
1971):
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where v is the volume of a single drop, P(T) is the fraction of drops
frozen above temperature T, and K(T) is the concentration of FN active

above T. An i.n.a. of the bacteria may be vividly characterized through




[image: image2.png]the relative EN spectrum defined as a FN spectrum divided by the total
cell concentration.

The present communication concerns the description of the method of
measuring an i.n.a. of bacteria, and discussion of the results of our
first experiments, The main aim of these measurements was to test
applicability of the experimental technique on bacterial suspensions.

MATERIALS AND METHODS

Culture sources, media and growth conditions

An ice nucleating bacterium P.syringae CCM 4073 was used
(Sikyta et al., 1988). The composition of the medium for cultivation was
as follow peptone 2 g, glycerol 1 g, KH,POgq (anh.) 0.15 g,
MgS04 .7 HyO 0.15 g per liter of distilled water, with pH adjusted to
7.0. Cultivations were performed in 100 1 bioreactors (Engineering AG.,
Wald, Switzerland) batch-wise in 50 1 medium. Cultivation temperature
was 28°C. Growth was monitored by measuring the optical density at
420 nm. The cells were harvested from the culture broth and washed with
distilled water.

Testing the bacterium for ice nucleation activity

The i.n,a. of the bacterium was determined by a computer-driven drop
freezing technique: An observed set of drops - one hundred of 1 ul drops
placed in a regular 10 by 10 matrix, distance between the centers of two
neighboring drops being 7 mm - is formed by an original technicque: a
sterile polished perforated metal plate is immersed in a polyethylene
bag containing the tested aqueous sample. Then the plate is drawn out
and the water volumes remaining in the holes are knocked out with a
special device on a thermally controlled surface covered with a 0.05 mm
inert  polyethylene foil. To exclude an influence of external
environment, and to assure thermal homogeneity in the measuring space,
the drops are sheltered by a polystyrene-metal cover (polystyrene
outside, metal inside). The surface temperature of the cooling stage
linearly decreases at a rate of 0.05 Ks™* at temperatures below 0°C.

The image of the drops illuminated from two opposite sides in
parallel with the stage is scanned from above by a TV camera and
digitally evaluated on line. The frozen state of the drops is indicated
by a change in the optical appearance of the drops after their freezing.

The primary outcome of a single experiment is an empirical
distribution function P(T) (number of frozen drops at temperature T,
from which the freezing nucleus spectrum is derived according to the
relation (1).

The correctness of the technique was examined in detail by Dubrovsky
and Skoloud (1989); no undesirable mechanism influencing the freezing of
the drops was found.

The detection limit for the relative FN concentration is equal to the
ratio of the minimum detectable concentration of active freezing nuclei
Kpin = - (1/v) 1n(l - 1/N) (corresponds to the first frozen drop in
population of N drops) to the maximum applicable cell concentration of
the suspension. In our case, the detection limit is of the order of
10°8. Concentrations greater than about 106 cells per microliter could
not be used because the physical and optical properties of highly
concentrated suspensions differ strongly from those of pure water: the
reliability of the drop formation technique and of the optical
indication of frozen drops decreases with increasing cell concentration.

To widen the range of measurable nucleus concentrations and to
improve the accuracy of the method, several measurements on variously
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[image: image3.png]concentrated suspensions were performed to determine the i.n.a. of a
particular sample.

RESULTS AND DISCUSSION

Correctness of the drop freezing technique

As seen in Fig.l, the relative FN spectra determined on variously
concentrated suspensions do not differ significantly. This is in
agreement. with the results of Rogers et al. (1987) who have found that
the activity of bacteria does not depend upon the concentratiocn of the
pacterial suspension. The good fit of the spectra in Fig.1l may be also

considered to be a confirmation of the validity of relation (1).

Fig.1l.
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Our spectra from Fig.l and the results of measurements on precise
scales have further proved that the volume of the drop does not
significantly depend on the cell concentration within the range of
applied concentrations.

Drops formed of the cultivating medium alone, as well as drops of the
water used for dilution, froze at temperatures below -20°C, so that
freezing of the drops above -20°C may be attributed to ice nucleation
active bacteria.

Stability of the ice nucleation activity of the bacteria

As seen in Fig.2, i.n.a. is not & conservative property of the
bacteria. In contrast to the great increase in i.n.a. from day to day
(spectrum A changes to B) during our measurements, Maki and Willoughby
(1978) have observed a loss of activity within 24 - 48 hours. As for the
shorter time scale, two successive measurements on the same suspension

have provided statistically insignificantly differing spectra, which
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indicates at least a “short-term" stability of i.n.a. of bacteria. This
finding also follows from the good fit of the spectra measured on
variously concentrated suspensions (Fig.l) - about 4§ h have passed
before all measurements were done. Vali's (1988) experiments, in which
drops of bacterial suspension were repeatedly frozen and thawed, have
also demonstrated, that the bacterial freezing sites are quite stable
structures.

We have tested the stability of i.n.a. of bacteria by two methods. In
Fig.3 the distribution functions of temperature of repeatedly frozen and
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[image: image5.png]thawed drops are displayed. The stability of the dried (at room
temperature) pacteria was also tested (Fig.4): once frozen and thawed
drops of bactertal suspension were let to evaporate and then new drops
of distilled water were set exactly upon traces of the evaporated drops.

In both above mentioned tests the bacteria have mostly preserved
their activity, However, significant changes in nucleation activity -
rather in direction to higher activity - were observed during several
experiments (e.g. experiment B in Fig.4).

Shape of the freezing nucleus spectra

The spectra determined on the bacterial suspensions are of step-wise
character (Fig.2), which may be explained by the presence of freezing
sites of different origin on cell surfaces: each step is a manifestation
of some specific type of freezing sites, Freezing sites of three types
operating within intervals (-3, “)°¢, (-8, -11)°C, (-16, -18)°C
respectively, were identified during our measurements. The third type
was identified only on fresh bacteria. To make comparison,
Yankofsky et al, (1981) distinguish three types of bacterial i.n.a.
operating within (-2, *4)°C, (-5, -73°¢, (-8, -10)°C respectively.
Measurements on bacteria of different species (Fig.3) indicate, that the
step-wise character of the FN spectrum is a quite general property of
the ice nucleating bacteria, and the characteristic temperatures of

Fig.5.
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particular types of nucleation activity are very similar for different
species of ice nucleating pacteria, Bearing in mind spectra depicted in
Fig.2 and Fig.5, it may be generalized, that the bacterial ice
nucleation activity is the most conspicuous within the two intervals:
(-2, -5)°C and (-7, -10)°C.
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[image: image6.png]CONCLUSION

According to the results of the measurements being discussed in the
previous section, we mean, that the experimental technique has turned
out to be well applicable for determination of an ice nucleation
activity of bacteria. The main results of the measurements on
Pseudomonas _syringae may be summarized in following points:

1. The i.n.a. of the bacteria is independent 'of cell concentration,

2. The i.n.a. of the bacteria seems to be quite stable within periods of
the order of 1 h, even in dry state. However, the activity of bacteria
may significantly change after longer time, storage conditions probably
playing crucial role.

3. The freezing nucleus spectra are of step-wise character,
Characteristic temperatures of the steps are similar to those identified
on some other strains of bacteria by other authors,
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