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formed. The genotype of the motor 
neurone endings could be scored only in 
some animals, but gave an impressive 
corrleation with muscle pattern. Hence 
the large muscle forms in segment A5 if 
the innervation is from male neurones, 
but not if innervation is female, and the 
ectopic large muscle forms in segment A4 
if the motor neurones are male and Mcp, 
but not if they are either female or male 
but wild type for the bithorax complex. 
There are many instances where the 
survival or complete differentiation of 
insect muscles depends on innervation", 
but this is the first demonstration that the 
form of a muscle (its size and its points of 
attachment) may be controlled by its in
nervation. 

Mosaic analysis 
The analysis of mosaics demonstrates that 
it is not the genotype of the myobla~ts 
or of the dorsal epidermis to which they 
attach which determines the form of the 
muscle, but that "it is almost impossible to 
prove positively what is responsible,,8. It 
may not be the innervating motor 
neurones themselves which influence 
muscle development but rather some 
other cells originating from the same area 
of the blastoderm and therefore reliably 
having the same genotype in these 
mosaics. Hence the critical interaction 
could be with cells elsewhere in the ventral 
nerve cord (or possibly in the ventral 
epidermis, which also forms from the 
embryonic neurectoderm). 

Analysis of the mosaics is also unable to 
reveal when the interaction occurs, and 
this problem is compounded by our con
siderable ignorance of the details of the 
formation of these muscles. The origin of 
embryonic muscles has been carefully 
described in the locust where each muscle 
starts as one or a few large mesoderm cells 
called muscle pioneers lO

• The pioneers 
attach to the epidermis at the eventual 
sites of muscle insertion and, as the 
embryo. grows, numerous small meso
derm cells fuse on and build the syncytial 
muscle fibres ll

. Muscle pioneers are con
tacted at an early stage by growth cones of 
pioneer neuroiles and one now wonders 
whether this contact is important for the 
future development of the muscle. 

Drosophila pupae are very different 
from locust embryos. The adult abdom
inal epidermis deVelops from small groups 
of cells (the histoblast nests) which divide 
rapidly in the pupa, replacing the degener
ating polyploid larval epidermis. It seems 
that the adult muscles are similarly formed 
from small numbers of myoblasts which 
divide and fuse in groups, but it is not 
known whether the muscles form de novo 
(and, if so, whether there are specific 
pioneer myoblasts) or are assembled on 
the remains of larval muscles. The inter
action between neurones and myoblasts of 
segments A4 and A5 could therefore 

Fritz Lipmann (1899-1986) 
FRITZ LIPMANN died on 24 July, shortly 
after learning that his latest research grant 
would be approved: he and others in his 
laboratory were studying the mechanism 
of regulation of cell growth and transfor
mation. Recently, he had returned to his 
early interest in the energetics of phos
phoproteins and he showed that the phos
phorylation of a tyrosine residue by ATP, 
catalysed by an oncogene-encoded phos
phokinase, is readily reversible, thereby 
demonstrating the energy-rich nature of a 
phosphorylated tyrosine residue. 

Lipmann is largely responsible for our 
present understanding of the energetics of 
living systems at the molecular level, as 
described in his classic 1941 review "Meta
bolic Generation and Utilization of Phos
phate Bond Energy" published in volume 1 
of Advances in En;,ymology. The import
ance of his contribution is so fundamental 
that it has become hard to recognize - the 
'energy-rich' bond is understood by every 
student as the driving force for virtually all 
biological processes, in one sense or 
another. This was not always so. Lip
mann's descriptions of 'high-energy' com
pounds or group activation were strongly 
attacked by several physical chemists and 
it took some years before this semantic 
uproar died away and the significance of 
these compounds became widely accepted. 

Lipmann has probably identified more 
kinds of energy-rich compounds than any
one else. In 1939 he reported that acetyl 
phosphate could transfer phosphate to 
ADP and later he showed that it could 
transfer an acetyl group to various accep
tors in the presence of bacterial enzymes. 
His interest in active acetate led to an ex
amination of the acetylation of sulphanila
mide and to the identification of the acyl 
group carrier coenzyme A (CoA), leading 

occur at early embryonic stages, influen
cing pioneer cells for the adult muscles, or 
producing covert differences in larval 
muscles which will later act as a template. 
Alternatively, there could be a later inter
action between the developing adult 
muscles and their innervating motor 
neurones. 

Muscle pattern 
The nuclear transplantation experiments 
strongly indicate that the differences 
between the dorsal muscles of male 
segments A4 and A5 are controlled by 
segmental determination within the 
nervous system8 but, of course, it does not 
follow that all features of insect muscle 
pattern arise in this way. Muscles interact 
with the epidermis, attaching to particular 
sites (even if these have been moved or 
duplicated12

) and this specific recognition 
must be vital in generating complex pat
terns of interweaving muscles, as in the 

to his Nobel prize in 1953. 
An examination of the A TP-dependent 

synthesis of acetyl-CoA provided the first 
demonstration of ATP cleavage at the a
P bond to expel pyrophosphate in activa
tion reactions. This demonstration was 
rapidly followed by the identification and 
synthesis of active carbamate, carbamyl 
phosphate, and the active sulphates 
adenosine-5' -phosphosulphate and 3'
phosphoadenosine-5' -phosphosulphate. 
Lipmann made many important concep
tual and experimental contributions to the 
mechanisIDS of protein and peptide synth
esis, including the characterization of the 
energy-rich bond of 2'3'-aminoacyl trans
fer RNAs and stimulatory protein factors. 
He elucidated a remarkable mechanism 
for the synthesis of polypeptide antibiotics 
in the absence of nucleic acids through a 
sequence of specific protein-bound thiol 
esters of amino acids and peptides. 

Fritz Lipmann was born in Konigsberg. 
He received a medical degree in Berlin in 
1924 and a doctorate in chemistry in 1927. 
He worked with Otto Meyerhoff and 
Albert Fischer and spent several years in 
Copenhagen and at the Rockefeller Insti
tute before his appointment to the Depart
ment of Surgery at Massachusetts General 
Hospital in 1941. His best-kDown work was 
carried out in the research laboratories of 
this institution, where he was appointed 
Professor of Biochemistry at Harvard 
Medical School in 1949. He returned to 
Rockefeller Universityin 1957 and became 
Professor Emeritus in 1970. In 1966 he was 
awarded the National Medal of Science by 
President Johnson. He characterized his 
career as "following one's in~tinct without 
knowing exactly where it will lead". His 
instinct was famous for knowing where to 
go. William P. Jencks 

Drosophila thorax'. It is also likely that 
the muscle pattern depends on some level 
of segmental determination within the 
mesoderm itself. The selector genes, 
whose patterns of activity control ecto
dermal segmental determination, are also 
expressed stably within the somatic 
mesoderm, although in a simpler pattern. 
Hence the Ubx region of the bithorax 
complex is expressed in a complex pattern 
within the epidermis and nerve cord of 
parasegments 5-13, but in a uniform way 
over mesodermal parasegments 6-12 
(which form the abdominal muscles)'. 

Of course the sustained patterns of 
selector gene activity may have no direct 
function in the mesoderm but this seems 
improbable, especially as a different 
selector gene, engrailed, seems to have no 
role in the mesoderm and is barely expres
sed there". Furthermore, some puzzling 
features of muscle transformation in 
bithorax complex mutants can be largely 
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