
34

50 YEARS AGO
“Atomic time and the definition
of the second” — The following
tentative proposals are put
forward in an attempt…to make
the atomic standard immediately
available but to preserve a single
unit of time closely linked with,
although not defined by, that
given by astronomical
observations. 
(1) The provisional unit of 
time should be the time of 
9 192 631 830 cycles of the
caesium Fm,(4,0)↔(3,0)
resonance at zero field, and
named 1 provisional second…
In making these proposals, the
understandable reluctance to
break with a practice as old as
civilization is fully appreciated; but
a consideration of the precision of
measurement alone shows that
the astronomical unit of time is no
longer sufficiently accurate for
modern measurements of
frequency and time interval. 
From Nature7 July 1956.

100 YEARS AGO
“The olfactory sense in Apteryx”
— About a year ago I stated in
your columns that I was trying 
to have some experiments
carried out with the object of
ascertaining whether the olfactory
sense of the kiwi [and roa] is
perceptibly developed, as one
would suppose it to be from…the
great relative size of the olfactory
lobes of the brain and the great
size of the olfactory capsule as
seen in the skull. I wrote to the
curators of Little Barrier and
Resolution Islands asking each of
them to try certain experiments
for me… Mr. Henry placed a
number of earthworms at the
bottom of shallow buckets and
covered them with four inches of
earth. When such a bucket was
placed on the ground the roa got
quite excited in its hunt through
the earth, probing to the bottom
for the worms. It must be borne in
mind that the roa (and kiwi) is
practically blind during the
day…while Mr. Henry states that
it makes such a “sniffling noise”
that it would be unable to hear a
worm… “when I put down a
bucket of earth without worms in
it, the bird would not even try it”.
FromNature 5 July 1906.5
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Moreover, it was found that when mice were
exposed to a mutant of HSV-1 lacking LAT,
the virus infected trigeminal ganglia but
escaped from latency only inefficiently5. 
Subsequently, a sensitive quantitative assay
showed that HSV-1 lacking LATwas ineffi-
cient in infecting neurons latently6. Thus, LAT
seemed to be important in both HSV-1 entry
into and escape from latent infections.  
Some of the mystery was solved when unin-
fected and infected neurons could be counted
accurately. About a quarter of the neurons of a
trigeminal ganglion are killed following infec-
tion with HSV-1, but more — half — are killed
when LATis absent7. Similarly, without LAT,
proportionately fewer neurons survive to be
latently infected7. Thus, LATmight not con-
tribute to HSV-1 escape from latency but it
does help neurons survive infection. It pro-
motes neuronal survival by inhibiting apopto-
sis, or programmed cell death, the usual
process by which an infected cell self-destructs
in order to prevent production of viral prog-
eny. For example, the introduction of LATin
cultured cells inhibits apoptosis induced by
several agents8; and substitution of LATin
HSV-1 with a gene known to inhibit apoptosis
recapitulates LAT’s role in vivo9.
What has remained a mystery is how LAT
promotes neuronal survival. This is where
Fraser and colleagues1come in. Examination of
the sequence of the LATgene revealed a stretch
of DNA — an inverted repeat sequence — that
could be recognized by the host cell as a pre-
cursor to a microRNA (miRNA). MicroRNAs
are small RNAs, first identified in plants, 
that regulate gene expression after the gene 
has been transcribed into mRNA; they do this
either by degrading the mRNA or by inhibiting
its translation into protein. Fraser and co-work-
ers detected the predicted miRNA, miR-LAT,
in cells infected with HSV-1 but not in those
infected with a virus defective in its LATgene.
This viral miRNA evidently inhibits apoptosis
induced in cells in culture — but how? 

Finding the answer was no easy task.
MicroRNAs share only imperfect comple-
mentarity with sequences in the control
regions — the 3untranslated regions — of the
mRNAs that they regulate. So searching for
their target mRNAs is difficult, because the
limited sequence that they have in common
means there are many candidates. Fraser and
colleagues succeeded in this quest by consid-
ering genes that had appropriate functions and
for which the shared sequences are evolu-
tionarily conserved, a feature common to
sequences targeted by miRNAs. They found
that miR-LAT promotes the degradation of
mRNAs encoding two proteins — transform-
ing growth factor-(TGF-, which can both
inhibit cell proliferation and induce cell death)
and SMAD3 (a mediator of the signalling
induced by TGF-). In other words, it looks 
as if miR-LAT short-circuits the ability of an
infected cell to self-destruct. 
Overall, we now have the following picture
of HSV-1 biology. The virus infects us, wends
its way to trigeminal neurons and supports
productive infection there. That infection elic-
its a vigorous cellular immune response, which
kills some of the infected cells. In others, 
however, a latent infection becomes estab-
lished10. Occasionally, HSV-1 escapes from
latency to grow productively, killing its host
neuron. These re-emergences are both con-
trolled by and continue to attract the nearby
immune cells. 
The HSV-1 LATgene means that latently
infected neurons are more likely to survive in
this environment. These neurons express no
viral proteins to be recognized by the host’s
immune system — instead they express miR-
LAT, which means that the neuron is more
likely to survive, and so provide a hiding place
for the virus. 
Evolutionary relatives of mammalian 
miRNAs are major regulators of gene expres-
sion in species that have been studied closely.
For example, in plants and worms they medi-
ate systemic gene silencing or control specific
steps in development. The similarities in syn-
thesis and function between the miRNAs of
plants, invertebrates and mammals make it
certain that they have roles in us that we are
only beginning to glimpse. ■
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Figure 1 |Active herpes simplex virus.This false-
colour electron micrograph shows virus particles
(orange) migrating from the host cell’s nucleus.
( ~190,000.)
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