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Learning and memory — abilities associated 
with a brain or, at the very least, neuronal activ-
ity — have been observed in protoplasmic 
slime, a unicellular organism with multiple 
nuclei. 

When the amoeba Physarum polycephalum 
is subjected to a series of shocks at regular 
intervals, it learns the pattern and changes its 
behaviour in anticipation of the next one to 
come1, according to a team of researchers in 
Japan. Remarkably, this memory stays in the 
slime mould for hours, even when the shocks 
themselves stop. A single renewed shock after 
a ‘silent’ period will leave the mould expect-
ing another to follow in the rhythm it learned 
previously. Toshiyuki Nakagaki of Hokkaido 
University in Sapporo and his 
colleagues say that their find-
ings “hint at the cellular origins 
of primitive intelligence”. 

It is well-established that cells 
receive, interpret and adjust to environmental 
fluctuations, says microbiologist James Shapiro 
of the University of Chicago, Illinois. But if the 
results stand up, he says, “this paper would add 
a cellular memory to those capabilities”.

The organism chosen by the Japanese team 
could scarcely seem less promising as a quick 
learner. Physarum polycephalum is a slime 
mould belonging to the Amoebozoa phylum. It 
moves at a steady rate of about one centimetre 
per hour at room temperature, but this changes 
with the humidity of its environment. It slows 
down in drier air, and Nakagaki’s team used 
this sensitivity to stimulate learning. 

The team found that when the mould expe-
rienced three episodes of dry air in regular 
succession an hour apart, it apparently came 
to expect more: it slowed down when a fourth 
pulse of dry air was due, even if none was actu-
ally applied. Sometimes this anticipatory slow-
down would be repeated another hour later, 
and even a third. The same behaviour was seen 
when the pulses were experienced at other 
regular time intervals — say, every half hour 
or every 1.5 hours.

If the dry episodes did not recur after the 
first three, the amoeba’s sense of expectation 
gradually faded away. But then applying a sin-
gle dry pulse about six hours later commonly 
led to another anticipatory slowing in step with 

the earlier rhythm. 
The same team has previously 

shown that these amoebae can 
negotiate mazes and solve sim-
ple puzzles2,3. So the new finding 

adds to “the cool things Physarum can do”, says 
applied mathematician Steven Strogatz of Cor-
nell University in Ithaca, New York.

Like all living organisms, slime moulds have 
built-in biochemical oscillators, like the human 
body clock. In other kinds of slime mould, these 
oscillators can create periodic ripple patterns 
in response to environmental stress, helping 
the organism coordinate its movements. Naka-
gaki’s group thinks that the versatile rhythmic 
sense of Physarum stems from many different 
biochemical oscillators in the colony operating 
at a continuous range of frequencies. 

The team’s calculations show that such a 
group of oscillators can pick 
up and ‘learn’ any imposed 
rhythmic beat, although the 
knowledge decays quickly once 
stimulus ceases. The calcula-
tions also show that a memory 
of the beat can stay within the 
system, and be released again 
by a single, later pulse — just as 
the researchers observed. ■

Philip Ball

1. Saigusa, T., Tero, A., Nakagaki, T. 
& Kuramoto, Y. Phys. Rev. Lett. 100, 
018101 (2008).

2. Nakagaki, T., Yamada, H. & Tóth, Á. 
Nature 407, 470 (2000).

3. Nakagaki, T., Kobayashi, R., Nishiura, 
Y. & Ueda, T. Proc. R. Soc. B 271, 2305–
2310 (2004).  

Cellular memory hints at 
the origins of intelligence

Slime moulds demonstrate primitive learning and memory.

”The new finding adds 
to the cool things 
Physarum can do.” 
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ON THE RECORD

“They behave in an 
entirely irresponsible 
and repellent way, 
which no doubt they did 
50,000 years ago.”
Eminent biologist Steve Jones doesn’t 
like the people who populate his local 
London area of an evening, comparing 
them to prehistoric humans.

NUMBER CRUNCH
6,000 is the number of barks 
analysed by Hungarian researchers 
in an attempt to understand dogs’ 
communication.

6 is the number of possible 
bark meanings identified by the 
researchers: stranger, fight, walk, 
alone, ball and play.

43% is the proportion of 
barks correctly translated by 

the researchers’ 
software.

ZOO NEWS
Pricey python
What is thought to be the world’s 
longest captive snake has been 
bought by a zoo in Ohio. Columbus 
Zoo and Aquarium paid US$4,800 
per metre for the 7.3-metre python 
called, bizarrely, ‘Fluffy’.

SCORECARD 
Fear of flying
Metal buried under the 
runway at London City 

Airport is causing “significant 
navigation problems” for aircraft 
taking off. One plane had to return 
to the ground after its instruments 
were disrupted.

Fear of clowns
Some children’s wards 
are reverting to having 

plain walls after researchers found 
that most kids find pictures of 
clowns scary, rather than amusing.

Sources: Camden New Journal, 
Telegraph, The Columbus Dispatch, 
Reuters, BBC
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