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●
Within the past few months, I have been
engaged in an activity shared by researchers
worldwide. I have been writing a research

grant. As we know, this exercise is simultaneously
humbling and challenging. When taken seriously,
which we all do, we come to grips with just how little 
we know and how much we would like to know. When
contemplating these challenges, we also reflect on where
we were, where we are, and where we would like to be.

Although the photosynthetic prokaryotes were
discovered approximately 100 years ago, my first
encounter with them was in 1959 at Yale University,
where Professor W. Vishniac lectured on ‘funny bugs’
which then included such exotic micro-organisms as the
sulfur-oxidizing bacteria, methanogens, iron-oxidizers
and of course the green and purple sulfur/non-sulfur
photosynthetic bacteria. However, it was not until 1968
that I had the opportunity to begin my own studies 
on the facultative phototrophic bacterium, Rhodo-
pseudomonas sphaeroides (now Rhodobacter sphaeroides) strain
2.4.1. I was interested in the genetics and regulation 
of membrane biosynthesis, thereby exploiting the
inducible photosynthetic membrane of this organism.

● Early years
For me, the highlights of those early years included the
insight of Norbert Pfennig into the diversity and ecology
of phototrophs, of Roderick Clayton and others into the
early light reactions of photosynthesis and of Martin
Kamen into the cytochromes of many photosynthetics.
There were the pioneering studies of Howard Gest into
phototroph physiology and of Germaine Cohen-Bazire,
Roger Stanier, William Sistrom and Gerhart Drews as
they made the first rigorous definitions of regulation–
synthesis and structure–function of the photosynthetic
apparatus. And of course, because of my own interests, 
I must place June Lascelles together with Sistrom in 
a class of their own. Lascelles not only provided the 
most fundamental insights into bacteriochlorophyll
biosynthesis, but she and Sistrom single-handedly
pioneered the use of mutants in their studies and thereby
brought the field into the modern era.

● The present
Where are we today? A crowning achievement has been
the structural determinations of pigment–protein
complexes which interact with light. When coupled to
the power of genetic analysis and recombinant DNA
technologies, as well as advances in instrumentation, an
understanding of the earliest events of photosynthesis is
at hand and with them a profound understanding of what
sustains our biosphere. Because we now appreciate the
molecular relationships between all living systems, these
approaches are being successfully extrapolated to all
photosynthetic systems. Microbial diversity now
extends to bacterial phototrophs which require aerobiosis

to form their photochemical apparatus. With this
knowledge of the diversity and the ecological reach of
phototrophs we now have insight into the variety of
photochemical apparatus and how structure has evolved
to facilitate function. Collectively, these studies have
brought us a fuller, albeit still incomplete, under-
standing of the processes of biological electron transport
and bioenergetics. In yet another dimension the genetics
and molecular biology of the phototrophs have brought
us a new understanding of gene regulation, pigment
biosynthesis, taxis, macromolecular assembly and
genome complexity. When coupled with current mol-
ecular approaches, new insights into evolutionary
diversity have emerged and new paradigms in gene
regulation and global regulatory systems have been
described. These advances have brought us insights into
the position of the phototrophs within the evolution of
prokaryotes and eukaryotes.

Our study of the microbial phototrophs has been
transformed by recombinant DNA technologies. The
exploitation of these approaches has enabled researchers
to leap forward in a non-linear fashion, so that we now
have a fuller appreciation of what those earlier
investigators sought and the questions they framed, 
but in such fine detail at the molecular and mechanistic
levels, that even they would be surprised at the
profundity of their collective insight.

● The future
More importantly, these 40 plus years have brought us to
the second century of the microbial phototrophs, the era
of genomics. The genome sequences of several dozen
photosynthetic organisms, including organelles and
higher plants, are now available. While the ‘community’
has responded to these very recent developments by
initiating special mega-programs for several of these new
model systems, e.g., Arabidopsis, rice, maize, there has
been less emphasis on the evaluation and study of the
‘lower’ phototrophic systems. Almost single-handedly,
the Department of Energy in the USA has stepped in to
partially fill this void (www.er.doe.gov). It is likely that
selective lower eukaryotic phototrophs will eventually
be exploited to serve as ‘model’ systems. However, there
appears to be no strategy to exploit the prokaryotic
phototrophs. Although it is possible to imagine the
kinds of questions that can be addressed, it is likely that
we too would be surprised at the profundity of our
questions were we able to look back from 40 years hence.
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