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nonnucleated erythrocytes were useful
cells to work with.

I spent the next year (1970) trying to
make a highly radioactive reagent, imper-
meant to cells, to label the surface of
erythrocytes and thereby determine their
components. After making several useless
compounds, I realised that good labelling
agents were intermediates in protein
biosynthesis. I quickly made 35S-formyl-
methionyl-adenosine from f.met.tRNA,
my best reagent so far. Next, I made for-
myl-methionyl adenylate, an even better
reagent. Chopping away the adenosine,
I settled on 35S-formyl-methionyl meth-
yl phosphate: an excellent, very hot, im-
permeant reagent.

With this reagent I showed that the two
major proteins on the surface of human
erythrocytes, now known as glycophor-
in and band Ill, span the red cell mem-
brane, and I also discovered the first case
of lipid asymmetry in membranes. I
wrote up all this, and what I saw as its
implications, for this review. Despite
widespread criticism of my work at that
time—that cell ghosts are more or less to-
tally denatured membranes and so noth-
ing that I did could be learned from
them—I received about 3,000 reprint re-
quests. I was, for a short while, the ~‘man
of the moment.”

It is, perhaps, hard to see theprofound
effect that our understanding of mem-
brane structure has had on biology. Mem-
branes are now objects of rational
thought.1 The first talk that I gave on
membrane structure had hecklers in the
audience. I was told that proteins are
much too small to be ableto span a mem-
brane; that was the level of understand-
ing at that time. All that has since
changed, and so have I. Now my work
concerns the involvement of membranes
in the locomotion of animal cells.2 Sur-
prisingly, for such a basic process, cell
locomotion is largely ignored as a prob-
lem. It’s better sometimes to be out of the
limelight.
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This paper summarised my work on the
red blood cell membrane, including the
discovery of lipid asymmetry and the first
demonstrations that proteins span a mem-
brane. Also included were a set of general
rules for membrane structure, most of
which have stood the test of time. [The
Sd® indicates that this paper has been
cited in over 655 publications.J
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During the 1960s I worked on the ge-
netic code and the mechanism of protein
biosynthesis in bacteria, largely under the
influence of Francis Crick. Like so many
others at theend of that decade I decided
to switch fields. I had never purified an
enzyme, despite Paul Berg’s efforts dur-
ing my postdoc at Stanford University,
but I decided to purify adenyl cyclase. I
obtained a litre of turkey erythrocytes—
regarded as a good source—lysed the
cells with water, and thewhole lot jelled.
On reflection I remembered that these
cells have nuclei, and so I tipped in pan-
creatic DNAase. Nothing happened.
DNAase needs magnesium, and so I add-
ed that, too. (You can see why I never
succeeded in purifying an enzyme.) The
viscosity vanished, and after stirring my
many litres with a glass rod I found that
1 had made a large mass ofsomething re-
sembling chewing gum. Lost, I dumped
it all down the drain. A few similar di-
sasters and theproject was also down the
drain. I did, however, conclude that
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