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A guesizon that arises out of this reap-
prasal voncerns the role of sof-hodied
argansms i the cvolutionary radianion of
the eariy Cambrian. Many of the more
ENERINATE fossls scem (o represent body
plans that are not exhitned by any living
cizature, The present-day Metazoa {multi-
cellular anmals) are dominated by ilater-
aily svmmetrical body plans, often with a
degree of segmentauon, The coeienterates,
with concentric or radial svmmetry, today
constituie onky a small part of the animal
kingdam. DBut M. Fedonkin (USSR
Academy of Sciences, Mascow), studying
the soft-badied tiota from the Vendian
tabout 650 Myrl of the White Sea Russian
Platform and polar Siberia, concludes that
= T per cent of animals were then radiaily
ar concentrically symmetrical; those with
tilateral symmetry are often wtaily absent.

Some of the more bizarre forms exhibit
racial symmetries that today are very rare
of noa-existent, Thus, an hemogeneous
grovp wih primary 3-fold symmeiry s
recognized, and [orms with 4- and 7-lold
ordering are also common. A particularly
impartant groug, according o Fedonkin,
15 that m which the symmetry remains

essian Al the metazoan bodvplan from odd-member radial svmmerry
“ehde reflection' to drue bilaleral symometry (M. Fedonking, See text for detasis.
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radial, but the order (number of arms,
zastral cavinies, and so forth) aciually m-
creases during growth, A possible insight
10 merazoan evolution comes (rom foss:is
such as the late Precambrian Dicknsonig
which at tirse sight are dilaterally sym-
metnical but on closer examination have
different numbers of segments on the left-
and right-hand sides. Fedonkin 1erms this
nhenomepon  glide refiection’ and
helieves that such forms would not be |
denamicaily stable and so evalved 1o |
become properiy bilateral. He envisages a 1
major evolutionary pattern, recorded in the ©

Vendian rocks, of a gradual change from |

the dominance of concentne and radial F
oreanization, hrough variable-order radial
symmetry and ghde reflection. 1o bifateral
segmentaucn (Fig, 2L A. Seilacher (Univer-
sitat Tubingen) and athers dispuse this
view, finding no evidence that Dickinsenig
had a mouth or a gut or any semblance of
2 metazoan digestive system. Conscguentiy
they hefieve such extraordinary fossils rep-
resent not the dawn of metazoans but per-
haps a completely different kingdom. [}
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Nitrogen [ixation

Differentiating cyanobacteria
rearrange their nif genes

Sfram William D.P. Stewart

CYANORACTERIA {blue-green algae) are
oxvgenic photosynthetic prokaryotes,
many sirans of which fix N, and which
prohably dominated the Earth's biota
during the nuddie Precambrian, 2,500 -570
mullion vearsago. On page 419of thisissue,
J.W. Golden, 5.J. Robinson and R.
Hasclkorn report chat, despite their ancient
origin, the N,-fixing photosynthetic
cvanobacteriz possess a molecular
complexity that belies their morphological
simplicity’.

Although long regarded as algae, mainly
bocausce of their pigment compasition and
mode of oxvpenic photosvnthesis,
cyanubacieria are probably more akin to
prokaryotic bacteria than e cukaryotic
chlarophyiiows plants, and are setdom sl
clasufied as blue-green algae, They are
masi noticeable i exireme cAvironments,

for exampie in parts of Antarctica where
they may form ‘algal peat’, in hot desert
regions including parts of the Szhel, on
bare rock surfaces, in hot-spring regions
and in living stromatolites. Cyanobacteria
are also important components of the
manne phytoplankton and they, ar more
probably their colourless analogues. are
components of the microflora of the
hydrothermal vent regions of the
Galapagos Rifi. In many paris of the
world, but particularly in south-east Asia
where [ertilizer nitrogen is nor readily
available, cyanobacteria are important
providers of bivlogically fixed nitrogen for
the growth of the rice plam™,

it is partly because ol thoir unague ability
1o fix N, while photosynthesizing in the
manner of higher plants that the
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Their
study may, in the tbong term, have relevance

| 1o the possibility of introducing the genes

respensible for Mo-(ixation (the fof cenes)
i Lhe plastids. whether chlorophyllous
of nat, of higher plants. They have also
raned attention as possibly useful models
for Jevelopmental molecular biolopists
because many forms oceur as simple un-
branched filaments with a maximum of
three cell types: heterocysts, the sies of N,
lixation: akineies, which are perenpial;
and veperative colls, from which ahinetes
and heterogysts develop®, Haselkorn and
co-workers now add to the scrennific
attractions of cyanobactena by shiowinez
that they possess 4 so-far unigue capacuy
to rearrange some of their N.-fixing genes,
notably two that encode the major
compenents of nittopenase.

The mechanism that allows the O.-
sensitive pitrogenase to function in
QXVETRIC cyanobacteria such as Anaharng
was for long wakpown, [t was then
discovered®* thar the peculiar, empty-
louking heterocysts’, which oceur in most
N.-fixing cyanobacteria, are the lo of
i TUrogenase activiry in air and in the light,
ang that by various biochemical modi-
fications, they provide an anaerobic micro-
environment in which nitrogcnase is
synthesized and is functional.

A drawback, until recently, 1o the
detarled geneue analysis of N.-fixation and
heterocyst production in cyanobacteria has
been the fact that although mutants of
cyanobacieria are teadily obtainable, there
has exsted no good system forthe transier,
in the laboratory, of genes into heiero-
cysious cyanobacteria. Thus. genetic
anaiysis by compiementation of cyvano-
bacterial mutants has not been possibie.
An alternative approach. uscd by
Haselknrn and colleagues. is 1o use the nif
genes of the enteric bacterium Kebsiella as
probes for those of Adnrabaena. In
Klebsicila there are |7 agf genes. organized
into seven or eight transeriptional units and
arranged in a cluster occupying about 23
xilobases of DNA and located near the
zenes for mstidine biosynthesis (see ref, 9).
The genes that encode the major
nilfogenase components — the iron
protein and the iron-molybdenum protein
— are aif K, nif D and nif H. The iron
protein is compesed of (wo identicul
subunits, hoih encoded by aif H. The iron-
malvbdenum protein contains ane pair of
identical subunits encoded by aff K and
another by #if D. Although the two pro-
teins do not fix N, alone, in combimation
they may do so in the presence of & source
of reductant, Mg** and ATP, and in the
absence of O (see ref. 10).

Haselkorn and his colleagues have
abready shown that, white the nf &, Dand

H genes are clustered in Klebsiella and
some other No-fixing organisms. in DNA
extracied from lilaments of Aaabaeng
TE0 the aif D and mif H genes are
contigous bul separated from mif K by

cyanohacieria have recently aroused the

ahout i} kilobases. The Chicago group has
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