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Biology of halophilic bacteria, Part I

The Editors wish to thank Dr. Russell H. Vreeland for having coordinated this Multi-author Review.

Introduction. Biology of halophilic bacteria:

Research priorities and biotechnological potential for the 1990s

R. H. Vreeland

Department of Biology, West Chester University, West Chester (Pennsylvania 19383, USA)

The eight papers accompanying this introductory re-
view are part of the proceedings of an American Society
for Microbiology Conference held in Williamsburg, VA
from November 15-22, 1992. Conference attendees
participated in discussions centered around the title of
this introduction. One goal of the meeting was to iden-
tify the most important research priorities for the
coming decade. A second goal was to discuss the bio-
technological potential of microbes that live in hypersa-
line environments. These eight papers are the first of the
invited talks to be published in this journal. Another
group will appear in a future issue.

Many microbiologists, biochemists, and geneticists are
familiar with the numerous physiological and molecular
advances that have come from studies of extremely
halophilic and halotolerant bacteria. Since these organ-
isms were first described in 1880%°¢ and 1919'* they have
provided large amounts of unique discoveries and fasci-
nating information. Extreme halophiles in particular
have been proven to be a rich source of biological
information. Among the more important discoveries
arising from studies of extreme halophiles are bacterio-
rhodopsin®'>, halorhodopsin’®, ether-linked lipids'*2°,
and the presence of highly acidic proteins that are
characteristic of many microbes from hypersaline envi-
ronments!>, This list is by no means complete but I do
think it illustrates the value of research on extremely
halophilic bacteria.

As might be expected, the halotolerant and moderately
halophilic eubacteria have proven to be more similar to
non-halophilic bacteria. Nevertheless, these organisms
have contributed significantly to our knowledge of the
phase behavior of lipids®>23, physiological changes dur-
ing adaptation to different NaCl concentrations?®—
and the function of compatible solutes in protecting
cells from high salts’.

While halophilic bacteria have been the subject of much
basic scientific interest, their biotechnological potential

has been largely ignored. This is indeed strange, given
the fact that these microorganisms are intimately in-
volved in some of man’s oldest industrial processes. In
fact, the need for the red pigmentation of evaporation
ponds was recognized as early as 2500 B.C.! In addi-
tion, halophilic bacteria have been shown to be im-
portant in numerous other industrial processes.
Moderate halophiles and halotolerant bacteria are
needed in the production of a wide range of salty foods
such as Thai fish sauce and soy sauces?®, they have also
been isolated from pickling brines', salt-cured bacon?'
and oilfield production brines®. Extreme halophiles are
also present in leather curing vats and their enzymes
may even help to soften and de-hair the leather (D.
Bailey — personal communication). Despite this in-
tense involvement their actual value in processes and
their potential utility in other areas seems to be under-
appreciated. To my knowledge there is relatively little
work being sponsored in such areas as new strain or
new product development. Yet, many of the proper-
ties that make halophiles so well adapted to a hypersa-
line lifestyle are properties that could be valuable in
biotechnology.

Recently, halophilic bacteria have been shown to pro-
duce a variety of hydroxyalkanoates that can be made
into useful thermally processed plastics!®. These materi-
als are produced in quantities that rival the productivity
of non-halophiles but they are easier to harvest
(halophiles lyse in fresh water) and the organisms grow
on a cheaper carbon source'®. Some eubacterial halo-
philes also produce significant amounts of extracellular
polymers which have highly desirable rheological prop-
erties'”. Other eubacterial halophiles also produce large
amounts of compatible solutes such as Ectoine? which
can impart salt tolerance to some non-halophilic organ-
isms’.

In the future, the salt resistant properties of halophiles
in general may offer unique possibilities for treatment of



472

hypersaline waste streams, such as slaughterhouse
wastes, chemical brines, oilfield produce waters, refinery
wastes, and even some agricultural wastes. They may
also prove useful for the removal of toxic selenium and
other heavy metals from some saline waters (L. Hoch-
stein — personal communication).

For the present, it would seem that interest in the
microbiology of extreme environments in general and
halophiles in particular appears to be increasing. Since
1986, there have been at least four books published on
the microbiology of extreme environments*?~'%, An-
other five books devoted exclusively to halophiles have
also appeared!!:16[2vols].17.25

The meeting held in Williamsburg was the fourth inter-
national conference held since 1986 and more are being
planned.

The papers that will comprise this Multi-author Review
include some that are purely ecological and taxonomic,
others that discuss physiology, molecular biology, bio-
physics, and yes, biotechnology. I sincerely hope that
the readers of this series enjoy the articles and learn
some new things about some old microbial friends.

Baas-Becking, L. G. M., Historical notes on salt and salt

manufacture. Sci. Monthly 32 (1931) 434.--446.

2 Bastin, E. S., and Greer, F. E., Additional data on sulphate

reducing bacteria in soils and waters of Illinois oil fields. J.

Bull. Am. Ass. Petrol. Geol. 13 (1929) 153-159.

Blaurock, A. E., and Stoeckenius, W., Structure of the purple

membrane. Nature (New Biology) 233 (1971) 152-155.

4 Edwards, C., (Ed.), Microbiology of Extreme Environments.

McGraw Hill, Inc., New York, USA 1990.

Farlow, W. D., On the nature of the peculiar reddening of

salted codfish during summer season. U.S. Fish Comm. Re-

port (1880) 969-974.

6 Farlow, W. D., Vegetable parasites of Codfish. Bull U.S. Fish

Commn 6 (1886) 1-4.

Galinski, E. A., Compatible solutes of halophilic eubacteria:

molecular principles, water solute interaction, stress protec-

tion. Experientia 49 (1993).

Herbert, R. A., and Codd, G. A., Microbes in Extreme

Environments. Society for General Microbiology and Aca-

demic Press, London 1986.

9 Herbert, R. H., and Sharp, R. J., (Eds), Molecular Biology
and Biotechnology of Extremophiles. Blackie & Son Ltd,
Glasgow 1992.

10 Horikoshi, K., and Grant, W. D., (Eds), Superbugs: Microor-
ganisms in Extreme Environments. Japan Scientific Societies
Press, Japan, and Springer-Verlag, USA 1993.

11 Javor, B., Hypersaline Environments Microbiology and BlO-

geochemlstry Springer-Verlag, USA 1989.

(O8]

w

-

o0

Experientia 49 (1993), Birkhduser Verlag, CH-4010 Basel/Switzerland

12

18

19

20

2

—

22

23

24

25

26

27

28

29

Reviews

Kates, M., Sastry, P. S., and Yengoyan, L. S., Isolation and
characterization of a diether analog of phosphatidyl glyc-
erophosphate from Halobacterium cutirubium. Biochim. bio-
phys. Acta 70 (1963) 705--707.

Lanyi, J. K., Salt dependent properties of proteins from ex-
tremely halophilic bacteria. Bact. Rev. 38 (1974) 272-290.
Lefevre, E., and Round, L. A, A preliminary report upon
some halophilic bacteria. J. Bact. 4 (1919) 177-182.
Oesterhelt, D., and Stoeckenius, W., Rhodopsin-like protein
from the purple membrane of Halobacterium halobium. Nature
(New Biol) 233 (1971) 149-152.

Rodriguez-Valera, F., (Ed.), Halophilic Bacteria. Vols 1 & 2.
CRC Press, Boca Raton, Florida 1988.

Rodriguez-Valera, F., (Ed.), General and applied aspects of
halophilic bacteria. FEMS Nato Series, vol. 201, Plenum
Press, Inc., New York 1991.

Rodriguez-Valera, F., and Lillo, J. A. G., Halobacteria as
producers of polyhydroxyalkanoates. FEMS Microbiol. Re-
views [03 (1992) 181-186.

Schobert, B., and Lanyi, J. K., Halorhodopin is a light driven
chloride pump. J. biol. Chem. 257 (1982) 10306-10313.
Sehgal, S. N., Kates, M., and Gibbons, N. E., Lipids of
Halobacterium cutirubrum. Can. J. Biochem. Physiol. 40 (1962)
69-81.

Smith, F. B., An investigation of a taint in rib bones of bacon.
The determination of halophilic vibrios (n. spp). Proc. R. Soc.
Qd 49 (1938) 29-52.

Sutton, G. C., Russell, N. J., and Quinn, P. J., The effect of
salinity on the phase behavior of purified phosphatidyl-
ethanolamine and phosphatidylglycerol isolated from a moder-
ately halophilic eubacterium. Chem. and Physics of Lipids 56
(1990) 135-147.

Sutton, G. C., Russell, N. I., and Quinn, P. J., The effect of
salinity on the phase behavior of total lipid extracts and binary
mixtures of the major phospho-lipids isolated from a moder-
ately halophilic eubacterium. Biochem. biophys. Acta 1061
(1991) 235-246.

Thongthai, C., and Sontinanalert, P., Halophiles in Thai fish
sauce (nam pla), in: General and Applied Aspects of
Halophilic Bacteria, vol. 20, pp. 381-389. Ed. F. Rodriguez-
Valera. Plenum Press Inc., New York 1991.

Vreeland, R. H., and Hochstein, L. 1., (Eds), The Biology
of Halophilic Bacteria. CRC Press, Boca Raton, Florida
1993.

Vreeland, R. H., Mechanism of halotolerance in microorgan-
isms. Critical Reviews in Microbiology. CRC Press, Boca
Raton, Florida 14 (1987) 311-355.

Vreeland, R. H., Anderson, R., and Murray, R. G. E,, Cell
wall and lipid composition and its relationship to the salt
tolerance of Halomonas elongata. J. Bact. 160 (1984) 879-883.
Vreeland, R. H., Daigle, S. L., Fields, S., Hart, D. J., and
Martin, E. L., Physiological changes in the halotolerant bac-
terium Halomonas elongata, in: General and Applied Aspects
of Halophilic Bacteria, vol. 201, pp. 223-242. Ed. F. Ro-
driguez-Valera. Plenum Press Inc., New York 1991.
Wohlfarth, A., Severin, J., and Galinski, E. A., The spectrum
of compatible solutes in heterotrophic eubacteria of the family
Halomonadaceae. J. gen. Microbiol. 136 (1990) 705-712.



