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Combating freshwater scarcity

Pushpangadan et al.' have ‘offered the
idea of discovering and exploiting water-
fixing/harvesting/synthesizing organisms
from desert organisms or thermophilic bac-
teriad for combating freshwater scarcity
in plants. Their idea is based on the false
notion that ‘certain living organisms (both
flora and fauna) grow and thrive well in
sand dunes of deserts like Sahara, but
certain thermophilic bacteria and some
higher forms of life have aso been located
in the sand dunes'. Further, they write,
‘Plants can thrive well in deserts or other
places where there is no water’.

Let us first consider whether plants
‘thrive’ in deserts. This is best answered
if the net productivity of vegetation in
different ecosystems is compared. The
mean amount of dry matter, measured as
the number of grams per square metre per
year in (i) extreme desert, (i) semi-desert,
(iii) tundra and alpine, (iv) tropical sea-
sonal forest, and (v) tropical rainforest is
3, 90, 140, 1600 and 2200 respectively?. The
images of desert plants show these as
succulent stems with few or no leaves®. The
physiological and biochemical adapta-
tions for survival in desert habitats must in-
clude complex changes in membrane
structure and function, tissue-water con-
tent, global gene expression, and in the
composition of lipid, protein and primary
and secondary metabolites’.

Second, regarding the presence of ther-
mophilic bacteria in desert soils, we may
ask if their presence there results from
their growth and reproduction in situ or from
their dissemination from foci of growth
elsewhere. For example, the occurrence
of thermophilic bacteria in cold environ-
ments is well known®. The mixing and the
widespread global distribution of both
cold- and heat-loving bacteria in places
where they are not expected could be due
to oceanic water currents. According to
the authors® ‘a number of thermophilic
bacteria have been obtained from hydro-
thermal vents... with temperatures of
375°C or above'. A reader gets the impres-
sion that this is the present upper tempera-
ture limit of life! However, the current
record of the most thermophilic microbe
is that of Nanoarchaeum equitans, dis-
covered in an undersea hydrothermal
vent off the coast of Iceland®. The maxi-
mum temperature of growth of this archaean
is 121°C, the temperature reached in a
pressurized food cooker or an autoclave.
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The point to note is that the hydrother-
mal microbial communities are not grow-
ing inside the chimney from which hot
‘black smoke’ emission occurs and inside
which temperature could well be near or
beyond 400°C. Rather, communities of
bacteria are growing along the thermal
gradient created by the mixing of hot efflu-
ent with ice-cold ocean water. Also, be-
cause of the hydrostatic pressure (greater
than 1000 atm), the water in which
communities of tube-like animals and
symbictic bacteria inside them’ or the
chemolithotrophic bacteria are living, is
not in the gaseous state. These bacteria have
water available al the time, although the
water is salty. Since they have evolved
there, the bacteria are adapted to life in
marine, thermophilic environment. The
problem of thermophilic marine bacteria
combating water scarcity therefore does
not arise.

Even the hardiest of plants do require
liquid water, at least for a limited period,
for absorption of nutrients in the dissolved
form. Based on the misconception that
hyperthermophilic bacteria in deep-sea
hydrothermal vents suffer water scarcity.
Pushpangadan et al.* call attention to the
‘Knall-gas reaction’ (O, +2H, ® 2H,0) in-
volving hydrogenase. Chemolithotrophic
marine bacteria oxidize hydrogen (H®
H* + €) using hydrogenase to generate an
electrochemical gradient for the production
of ATP and NADP(H), rather than for
producing water®. The genetic engineering
of plants proposed by Pushpangadan et
al.! for combating water scarcity should
take into account the wide temperature
difference in growth of (cultivated) plants
(max ~48°C) and of thermophilic bacteria
(max 80-121°C). Therefore, a hydrogenase
of a hyperthermophile, genetically engi-
neered in plants, is expected to be con-
formationally too rigid and a poor
catalyst at the temperature at which the
majority of plants grow (increase in dry
matter), i.e. 25-40°C. In aliving cel, there
are metabolic reactions in which water is
a by-product as well as a reactant. To be
beneficial, the genetic engineering that
the authors have in mind must result in the
net gain of freshwater from the metaboli-
cally-produced water, since the terrestrial
plants must also confront the evaporative
loss due to transpiration. Moreover, in
terrestrial plants, water stress is associated
with temperature stress; the latter alone

causes profound changes in metabolism.
In summary, although the ‘fast-depleting
freshwater resources of the planet’ are a
matter of concern, and one may be delighted
to see the role of thermophilic microorgan-
isms being championed for innovative
biotechnology for combating water scar-
city, thermophilic bacteria are no excep-
tion to the dictum that no liquid water,
implies no life.
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Response:

| noted with interest the correspondence
by Maheshwari on our article! which was
a response to the commentary by B. P.
Radhakrishna on man-made drought and
the looming water crisis®. My brief res-
ponse to Maheshwari is as follows.

1. Our idea is not based on any false
notion, it is only a logical idea that we
put forward. We all know that the extreme
desert areas are rarely devoid of life and
microorganisms, and certain plants and
animals are still found surviving in harsh
conditions. Maheshwari mistook our ex-
pression ‘grow and thrive’ to perhaps a
thriving ecosystem and described the net
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productivity of vegetation and made a
comparison of the same under ecosystems.
We have neither indicated that the net
productivity of the desert is in any man-
ner high nor compared it with any dry
matter measurement of any ecosystem.
We mentioned ‘that certain living organ-
isms (both flora and fauna) grow and
thrive well in sand dunes...’. Grow and
thrive should not be interpreted as thriving
vegetation or fauna life in the desert. We
have also mentioned that the succulent
plants of the deserts have a crassulacean
acid metabolism of photosynthesis, which
separates CO, absorption and its actual
fixation intime. There are dlso dataavailable
to show that seed densities average bet-
ween 5000 and 10,000 per m? in the Sonoran

desert, USA and up to 20,000 per m? in
the Sahara desert. (Deserts USA News-
letter: www.desertsusa.com/du_plantsur-
vive.html).

2. Water is a limiting factor for life,
but life forms (odd bacteria algae) have been
detected under the harshest conditions.

3. Regarding Maheshwari’s comments
on hydrogenase, he may refer to Reysen-
bach, A.-L. and Shock, E., Science, 2002,
296, 1077-1082.

4. However, we appreciate the closing
remarks of Maheshwari that ‘...although
the “fast-depleting freshwater resources
of the planet” are a matter of concern, and
one may be delighted to see the role of ther-
mophilic microorganisms being champi-
oned for innovative biotechnology for

combating water scarcity, thermophilic
bacteria are no exception to the dictum
that no liquid water implies no life'.
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