
50 Years Ago
The University of Loughborough 
is already receiving encouraging 
response to its announcement last 
week of a new type of vacation course. 
Three weeks of courses are being 
arranged in July for technologists, 
scientists, managers, teachers and — 
here lies the novelty — for their 
spouses. Provision is being made 
for children so that families can be 
together while parents catch up on 
some mid-career training … Twenty-
four technical courses during the 
three weeks will cover such subjects 
as optics, ultrasonics … statistics and 
management … Cultural courses 
for spouses … will cover industrial 
archaeology, music, drama and new 
techniques of food production … 
Accommodation is provided on the 
campus for families at reasonable 
rates … While hoping to provide all 
the facilities of a holiday camp, the 
university believes that its vacation 
courses will be more valuable than 
the description “intellectual Butlins” 
implies.
From Nature 6 April 1968

100 Years Ago
The recent development of aviation 
has provided a means of observing 
clouds which is much superior to 
any hitherto known. A modern 
aeroplane can reach the clouds in a 
very short time, and in many cases 
get above them. Observations of 
temperature can easily be obtained, 
and probably humidity observations 
would present no great difficulties. 
The “bumps” experienced also 
give some information as to the 
nature of the disturbance causing 
the formation of the clouds. It 
is well known that the two most 
important processes which cause 
clouds to form are (1) the mixture 
of layers of air of high humidity and 
different potential temperature, 
(2) adiabatic expansion due to 
upward movement.
From Nature 4 April 1918

First, the group pinpointed the PI(3,5)P2 
binding site, which lies in 6-TMI (Fig. 1). Muta-
tion of any one of several amino-acid residues 
in the network that forms this binding site can 
prevent TPC1 activation by PI(3,5)P2. Interest-
ingly, two of these residues — arginines in a 
short linker between S4 and S5 — are also 
required12 for channel activation by NAADP. 
This suggests that PI(3,5)P2 probably acts as 
a cofactor for NAADP action. Comparison of 
the free and PI(3,5)P2-bound forms of TPC1 
revealed that a single lysine residue in S6 
transmits conformational changes to the pore 
in response to PI(3,5)P2 binding, thus directing 
the first stage of channel opening. 

Second, the authors found that changes 
in voltage are sensed by arginine residues in 
6-TMII (Fig. 1). Both 6-TMI and 6-TMII 
contain sequences in S1–S4 that are remini-
scent of voltage sensors in other channels, 
but only 6-TMII has a specific helix in S4 that 
is required for voltage gating. The 6-TMII 
voltage sensor is in an upward, ‘activated’ form 
in both structures obtained by the authors — in 
this form, it can probably transmit changes to 
the pore, to which it is adjacent, completing 
opening of the channel.

She and colleagues’ work on TPCs from 
animals, together with analyses4,5 of plant 
TPCs, indicate that both 6-TMI and 6-TMII 
cooperate to open the channel. 6-TMII is a 
target for voltage changes in both proteins. 
By contrast, 6-TMI is targeted directly by 
PI(3,5)P2 in animal TPC1, and indirectly by 
Ca2+ in plant TPC. This is a prime example 
of how evolutionarily distant proteins have 
adapted to conserve a core function.

Which ions pass through animal TPCs 

once they open? Much research suggests that 
these channels are non-selective, like plant 
TPC, but some work indicates that they are 
selective for sodium ions1,9 (Na+). She et al. 
found that TPC1 was about 70 times more 
permeable to Na+ than to potassium ions (K+). 
Their structures reveal that the narrowest 
part of the pore through which ions are fil-
tered is shaped like an oblong ‘coin slot’, con-
stricted by specific asparagine residues. The 
authors provide evidence that these residues 
allow the small Na+ ions through, but not the 
larger K+ ions. This sieve effect is unlikely to 
explain the authors’ data indicating that TPC1 
apparently selects for Na+ over Ca2+, because 
these ions are about the same size. However, 
the electro physiological experiments used 
by the researchers to determine ion selec-
tivity were performed under very different 
conditions from those in live cells, where 
the permeability of TPCs to Ca2+ is readily 
demonstrable13.

In sum, She and colleagues’ structures 
provide major insight into how TPCs work. 
They join recently reported structures14–16 
for a related family of ion channels, the TRP 
mucolipins (TRPMLs). Like TPCs, TRPMLs 
reside in acidic organelles, are activated by 
PI(3,5)P2 and release Ca2+ to control cellular 
functions such as gene transcription17 . The 
PI(3,5)P2 binding site in TRPMLs is probably 
in the protein’s amino-terminal region16,17  
and is thus very different from that in TPCs, 
although it has yet to be directly observed. 

These rapid advances in the structural 
biology of organellar ion channels will aid 
future attempts to rationally design drugs that 
modulate ion flux through the channels. This is 

 Figure 1 | Structure of mouse TPC1. She et al.3 have resolved the structure of the channel protein 
TPC1, which is found at organelle membranes. TPC1 has two subunits, each of which contains two 
transmembrane domains (6-TMI and 6-TMII), connected by a linker. Square brackets indicate the top of 
the helices that make up 6-TMI and 6-TMII. Here, only one subunit is depicted. The authors found that 
channel activation requires the lipid PI(3,5)P2 (blue), which binds to arginine amino-acid residues (red) 
in 6-TMI, and voltage sensing through arginine residues (purple) in 6-TMII. Activation results in the flow 
of ions through the central pore region into the cytoplasm.
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