
However, before Park and coworkers’ OPV 
cells can be fully integrated into wearable 
devices, several optimizations are needed. The 
transmission of electronic signals from the plat
form is still based on conventional rigid silicon
based electronics that are powered by external 
sources. In addition, the OPV cells produce 
only low output power, so it will be challenging 
to drive sensing systems that are complicated or 
that have high power consumption.

Nevertheless, the OPV cells are a milestone 
in the production of ultrathin and highly effi
cient solar cells for selfpowering applications. 

Moreover, the devices pave the way for the 
development of ultraflexible, stretchable and 
even healable11,12 selfpowered biosensors13 for 
the precise, sensitive and continuous measure
ment of biological signals. ■
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M A T T H I A S  S A M W E R  &  D A N I E L  W.  G E R L I C H

The genome sequencing of some cancer 
cells revealed the occurrence of large
scale DNA rearrangements that are 

characteristic of a single catastrophic event1. 
This type of genetic abnormality is termed 
chromothripsis. It occurs in many types of 
human cancer, and is thought to drive tumour 
formation2. Chromothripsis can arise as a result 
of cell division if individual chromosomes do 
not join the other chromosomes within the 
newly formed nuclei but instead form rupture
prone structures called micro nuclei3,4. Liu et al.5 
report on page 551 that the nuclearenvelope 
structure that encloses a micronucleus lacks 
some of the components of the nuclear enve
lope that surrounds a nucleus. They propose a 
mechanism for how this might occur, and how 
it might account for micronuclear fragility.

In the cells of organisms such as animals 
and plants, the genome is stored in a nucleus. 
This is surrounded by a nuclear envelope6 
composed of lipid membranes, proteins, and 
multiprotein structures termed nuclearpore 
complexes, which provide a route for the trans
port of mater ials between the nucleus and the 
cytoplasm. During cell division, the nuclear 
envelope disassembles, and the replicated chro
mosomes bind to a structure called the spindle, 
which is made of protein filaments called micro
tubules. The chromosomes align on the spindle 
at the centre of the cell, and the two copies of 
each chromosome then separate and move away 
from the middle of the cell. At a later stage of cell 
division termed telophase, a nuclear envelope 
reassembles around the chromo somes to form 
a nucleus in each daughter cell.

However, if any chromosomes lag behind 
the rest and are still in the middle of the divid
ing cell during telophase, they become isolated 
and can form a separate small nucleus called 
a micronucleus. Micronuclei often rupture 
spontaneously7, resulting in substantial dam
age to DNA and chromothripsis3,4. The basis 
for micronuclear fragility was unclear.

Studying cell division in human cells 
grown in vitro, Liu et al. found that lagging 

chromosomes formed micronuclei that lacked 
certain components of the nuclear envelope, 
such as proteins from the nuclearpore com
plex and proteins called Btype lamins that 
are necessary for nuclearenvelope integrity.  
Indeed, deficiencies in Btype lamins were pre
viously shown to trigger micronuclear fragility7.  
Deficiencies in the formation of nuclearpore 
complexes in the nuclear envelope that sur
rounds a micronucleus might hinder the entry 
of the proteins needed for successful repair of 
DNA damage and for stabilization of the nuclear 
envelope, which might explain why micro nuclei 
are prone to rupture7 and chromothripsis3,4. 

When normal nuclear assembly occurs 
around the end of cell division, part of the 
emerging nucleus is in close contact with the 
spindle, where the local density of microtu
bules is high. This part of the emerging nucleus 
is referred to as a region that contains ‘core’ 
nuclearenvelope components (Fig. 1). The 
part of the nucleus that emerges in areas with 
low microtubule density is known as the region 
that contains ‘noncore’ nuclearenvelope 

C E L L  B I O L O G Y

A core problem in 
nuclear assembly
Chromosomes can exist outside the nucleus in rupture-prone structures called 
micronuclei. It emerges that micronuclei are fragile because their outer layer 
lacks some nuclear-envelope components. See Letter p.551 

a b
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Figure 1 | The formation of a micronucleus. During cell division, chromosomes align in the middle of 
the cell on the spindle, which is made of protein filaments called microtubules. a, When chromosomes 
then move away from the middle of the dividing cell, a lagging chromosome might remain stranded in 
the centre of the cell, owing to a celldivision error. As cell division nears completion, the chromosomes 
become surrounded by what is termed nuclearenvelope material. ‘Core’ components of the nuclear
envelope material reassemble around chromosomes in spindle regions that have a high density of 
microtubules, and ‘noncore’ components reassemble in regions with a low density of microtubules. 
Liu et al.5 analysed cell division in human cells grown in vitro. They report that the high density of 
microtubules surrounding lagging chromosomes prevents the binding of noncore components of the 
nuclear envelope. b, When nuclearenvelope assembly is completed, the core and noncore materials 
become interspersed in the nuclear envelope. When nuclearenvelope material reassembles around a 
lagging chromosome, the result is a ruptureprone structure termed a micronucleus that can undergo 
largescale DNA damage and is linked to cancer2–4. 
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components. The authors found that nuclear
envelope components that incorporated 
efficiently into micronuclei were those com
ponents known8 to localize to the core regions 
of reassembling nuclei. The nuclearenvelope 
components that were inefficiently incorpo
rated or absent from micronuclei were those 
that are found on the noncore regions of reas
sembling nuclei.

Liu and colleagues investigated whether 
the failure of lagging chromosomes to recruit 
noncore nuclearenvelope components 
depends on the presence of the spindle. The 
authors treated cells undergoing cell division 
with drugs that dismantled the spindle. This 
treatment enabled both core and noncore 
nuclearenvelope components to assemble 
on lagging chromosomes that were form
ing micronuclei. The authors also conducted 
experiments in which they manipulated cells 
to displace some chromosomes away from 
the spindle to peripheral regions of a dividing 
cell. These displaced chromosomes formed 
micronuclei that had both core and noncore 
nuclearenvelope components. Such micronu
clei did not rupture, revealing that noncore 
components are needed to prevent micro
nuclear fragility. The authors’ results are con
sistent with a model in which the micronuclear 
assembly of nuclearenvelope material is per
turbed in regions of the cell that have a high 
density of microtubules.

Cell division is a highly regulated process, 
and there are mechanisms to ensure its quality 
control. This raises the question of whether any 
such checkpoints exist in human cells to deal 
with lagging chromosomes. 

In the fruit fly Drosophila melanogaster, there 
is a gradient of activity of the kinase enzyme 
Aurora B that is highest near the spindle in the 
centre of a dividing cell9. This enzymatic activ
ity inhibits nuclearenvelope reassembly on lag
ging chromosomes that are within the region 
of high Aurora B activity. This mechanism for 
inhibiting nuclearenvelope reassembly might 
facilitate the reintegration of a lagging chro
mosome with the rest of the chromosomes 
that will form the new nucleus9. Indeed, when 
Aurora B is mislocalized away from the spindle 
in Drosophila cells9, nuclearenvelope material, 
such as the noncore, nuclearporecomplex 
protein Nup107, binds to lagging chromo
somes with the same kinetics as to the main 
chromosome group.

However, when Liu et al. caused similar 
perturbations of Aurora B in human cells, 
this did not restore the recruitment of a non
core, nuclearporecomplex protein (in this 
case, Nup133) to lagging chromosomes. The 
contrasting outcomes might reflect species
specific differences in sensitivity to Aurora B 
perturbations. Liu and colleagues found that  
core nuclearenvelope components accumu
lated on lagging chromosomes with normal   
kinetics and that drugmediated inhibition 
of Aurora B at a late stage of cell division 
just before nuclearenvelope reassembly did 

not result in the recruitment of noncore, 
nuclearenvelope components to lagging 
chromosomes. These findings suggest that a 
dedicated chromosomeseparation checkpoint 
is unlikely to exist in human cells. Instead, 
chromosome segregation to the daughter cells 
and nuclearenvelope assembly are not closely 
coordinated events. This could explain why 
lagging chromosomes often form micronuclei 
with deficient nuclear envelopes, rather than 
being incorporated into the nucleus.

How microtubules might limit the access 
of noncore, nuclearenvelope components 
to lagging chromosomes is unknown. The 
noncore and core components of the nuclear 
envelope both include membranebound 
proteins that redistribute during cell division to 
an organelle called the endoplasmic reticulum. 
One possibility is that these core and noncore 
proteins localize to different parts of the endo
plasmic reticulum. Perhaps sheetlike domains 
of the organelle that are too large to enter spin
dle regions that have high micro tubule density 
might contain noncore proteins, whereas the 
smaller tubular structures of the endoplasmic 
reticulum that might be able to enter the spin
dle regions could contain the core proteins. 
Alternatively, perhaps the localization of core 
and noncore nuclearenvelope proteins might 
be regulated by the micro tubuleassociated 
proteins that remove nuclearenvelope lipid 

membranes from chromosomes during an 
early stage of cell division10. It will be exciting 
to learn the outcome of studies to test these 
and other possible mechanisms, because the 
results might provide insights into general 
principles of how microtubules and other 
filamentlike networks in the cell regulate the 
membranebound outer layer of organelles. ■
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N A N C Y  L .  H A I G W O O D

It is estimated that 36.9 million people 
worldwide are infected with HIV 

(go.nature.com/2pugvhd). Drug treatment 
can prevent this infection from developing into 
AIDS and becoming lethal, by controlling the 
level of virus in the bloodstream. However, this 
therapy doesn’t eradicate HIV, and is associ
ated with toxicity and conditions such as meta
bolic disorders1. As part of on going efforts to 
improve the treatment options available, clini
caltrial results are now reported in two papers 
from the same research group — one in Nature 
by Mendoza et al.2 (page 479) and the other by 
BarOn et al.3 in Nature Medicine. The studies 
assess the effects of a treatment for HIV that 
uses two antibodies to target a viral protein. 

The current standard treatment for HIV 
infection is longterm use of antiretroviral 

therapy (ART), a daily regime of drugs that 
block steps needed for viral replication. If ART 
treatment ceases, virus becomes detectable in 
the bloodstream within days, a phenomenon 
termed viral rebound that can lead to progres
sion towards AIDS. ART does not provide a 
cure because the drugs do not kill infected 
cells in the viral reservoir4, which is established 
when virus inserts its genome into the genome 
of a host immune cell (Fig. 1). 

ART drugs can prevent viral production 
from the part of the reservoir termed the 
active viral reservoir, in which viral replication 
occurs. However, these drugs cannot target the 
viral reservoir that exists in a ‘dormant’ state, 
termed the latent viral reservoir. A latent viral 
reservoir can exist in certain tissues5; here, 
virus production occurs at an extremely low 
level and might increase in the future. This 
‘hidden’ reservoir can evade destruction by 

I M M U N O L O G Y 

Antibodies pose a 
double threat to HIV
Drug treatments for HIV infection require the long-term use of daily medication 
that can have toxic side effects. A pair of HIV-targeting antibodies might offer an 
alternative therapeutic approach. See Article p.479
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