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The transparency quotient

NANOPARTICLES CAN HELP PUT MESSAGES RIGHT ON TOP OF
IMAGES THAT COME THROUGH A SCREEN, SAYS

S ANANTHANARAYAN

dding comments, graphs and pictures in
real time to images that are being viewed
would be a good thing in many situations.
This is useful, for instance, to project nav-
igation information on an aircraft cockpit
window or the windshield of a car, or mes-
sages or entertainment on to ordinary win-
dow glass or spectacle glass. What this kind
of overlay amounts to is that the medium
that displays the message is also transpar-
ent to the main images that are being view-
ed.

Chia Wei Hsu, Bo Zhen, Wenjun Qiu, Of-
er Shapira, Brendan G DeLacy, John D Joan-
nopoulos and Marin Soljacic at the Massa-
chusetts Institute of Technology, Harvard
and the US Army Chemical Biology
Centre at Aberdeen in Maryland, announ-
ce in Nature Communications that they have
developed a transparent display that faith-
fully adds messages and graphics to an
existing projection with economy, efficien-
cy and clarity, overcoming the deficiencies
in existing methods. The display now dev-
eloped relies on nanoparticles deposited
within the transparent medium, which ef-
ficiently reflect light that is shone upon
the medium in a wide cone, and yet do not
interfere with the images that are passing
through the medium.

The authors of the paper describe the
existing devices. The simplest is the “he-
ad-up” display, where a pilot or driver can

see the message right on the windscreen
before him/her — that is, with his/her
head still “up” without having to look down.
This display usually depends on a half sil-
vered sheet at an angle, to reflect the mes-
sage into the field and yet not block the
view. The trouble with this design is that it
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could work only when the m needs

to be seen from a narrow angle. The angle
of view can be widened if there is scatter-
ing instead of reflection, but in this case ma-
king sure that the message is clear would
reduce transparency and, hence, clarity of
the original image. More complex arrange-
ments have components that convert the
message from Ultra Violet or Infra Red to
visible, but these are difficult to implement
in an efficient way.

There is even the idea of not shining the
message on to the screen but generating the
message in the screen, using transparent
electronics. There is some success in this
direction, but still not practical for a larger
size of display.

Nanoparticles

The system now developed relies on a spe-
cial property of particles whose di men-
sions are of the order of the wavelength of
light to selectively reflect, but reflect stron-
gly, light of a particular wavelength. The
property of reflection is related to the pre-
sence of free electrons at the surface of
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MOLECULAR MAGIC

TRANSLATION CAN ALSO BE CONTROLLED BY REGULATION OF

MRNA HALF-LIFE, WRITES TAPAN

ranslation rates are also subject to con-
Ttrol by alterations in mRNA stability —

in other words, the more rapidly an mRNA
molecule is degraded, the less time available
for it to be translated. The half-life, or time re-
quired for 50 per cent of the initial amount of
RNA to be degraded varies widely among eu-
karyotic mRNAs, ranging from 30 minutes or
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In some cases, mRNA stability is also influ-

enced by specific features of the three-inch un-
translated region. For example, shortlived mRNAs
for several growth factors have a particular
AU-rich sequence in this region. The AU-rich
sequence triggers removal of the poly (A) tail
by degradative enzymes. When the AU-rich se-
quence is transferred to the three-inch end of
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a normally stable globin mes-
sage using recombinant DNA
techniques, the hybrid mRNA
acquires the short half-life typ-

Transferrin Active ical of a growth factor mRNA.
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iron, which, in addition to par-
ticipating in translational con-
trol as just described, also pla-
ys a role in controlling mRNA
degradation. The uptake of
iron into mammalian cells is
mediated by a plasma membra-
ne receptor protein called the
transferrin receptor. When ir-
on is scarce, synthesis of the
transferrin receptor is stimu-
lated by a mechanism that pro-
tects transferrin mRNA from

IRE-binding protein binds IRE; mRNA protected;transferrin receptor synthesis high IRE-
binding protein cannot bind IRE; mRNA degraded; transferrin receptor synthesis low.

degradation, thereby making
more mRNA molecules avail-
able for translation. This con-

trol mechanism involves an
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IRE (similar to the one in fer-
ritin mRNA) located in the
three-inch untranslated region
of transferrin mRNA. When
intracellular iron levels are
low (left panel) and increased
uptake of iron is necessary, the
IRE-binding protein binds to
this IRE and protects the
3 mRNA from degradation.
When iron levels in the cell are
high (right panel) and additional
uptake is not necessary, the IRE-
binding protein binds an iron
atom and dissociates from the
mRNA, allowing the mRNA to
be degraded. As a result, syn-
thesis of the transferrin recep-
tor decreases, leading to a
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less for some growth factor mRNAs to over 10
hours for the mRNA encoding b-globin. The

decreased rate of iron transport into the cell.

length of the poly (A) tail is one factor that
plays a role in controlling mRNA stability.
Messenger RNAs with short poly (A) tails tend
to be less stable than mRNAs with longer poly
(A) tails.
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metals. Electrons, which are charged par-
ticles, interact with light waves, which
consist of rapidly changing magnetic as
well as electric fields. The surface elect-
rons, thus, take up the energy of the wave,
which they re-emit as the reflected wave.
And as it is the electrons that carry out
this action, metal surfaces are typically
good reflectors.

But when the dimensions of the surface
are very small, the to and fro motion of the
electrons at the surface, which follows the
rules of quantum mechanics, can match
the frequency of waves of a particular
colour of light. In such a case, it is said that
there has been resonance and there is strong
reflection. But with small particles, where
there is no resonance, as in the case of
light of other frequencies or colours, the
wave just passes through. Very small par-
ticles can, thus, act as a selective but pow-
erful reflector of just one particular col-
our of light, whose frequency matches that
of the electrons on the surface. A screen
embedded with such particles would then
reflect light that is shone on it at a partic-
ular frequency, but allow all other light, of
the main images, to pass through without
being affected.

Chia Wei Hsu and others note in the
paper that the metal, silver, is the most
suitable, out of others, like gold, copper,
aluminum, lithium, tantalum and so they
used silver based nano-particles. The de-
sign requires silica cores with a shell of
silver and the table shows the optimum
radii of the core and shell for different co-
lours of light. As the core suitable for blue
light, which was chosen as test frequency,
is small, silver nanoparticles were used.
The particles were suspended in a vinyl-
alcohol compound and poured on a glass
sheet. When the plastic set, the sheet was
covered with a transparent layer embed-
ded with silver nanoparticles.

Proof of principle

The trials with blue light showed that an
image of “MIT” was effectively projected
on a screen through which a trio of MIT

mugs was viewed, as shown in the picture.
The screen had effectively lost no trans-
parency and the overlaid image was dis-
tinct. The trio of mugs could be replaced
by any other display, or activity in prog-
ress, and the “MIT” image could be expert
comments or announcements or even a
video of a different part of the activity,
related to the main display. If nanoparti-
cles corresponding to green and red light
are added to the particles embedded on the
screen, the display would be in the three
primary colours and, hence, could be in
full colour.

The principle demonstrated is that the
simple display could have clarity, be visi-
ble from a wide viewing angle and also
readily scalable to large size of screen and
display. The polymer used is inexpensive
and the quantity of silver is negligible.
The design of the nanoparticles could be
improved for more accurate colour res-
ponse so that true full colour rendition is
possible.

Additional possibilities are of flexible
screens and screens that can be rolled up
and carried. Another attractive possibility
is because the polymer film is only 0.46
mm thick. Most of the light, hence, under-
goes only single scattering, as opposed to
multiple scattering. The result is that a
property called the polarisation, of the
light that falls on the nanoparticles, is re-
tained after reflection. Using the property,
a pair of images or sets of images could be
shone, using light in opposite directions of
polarisation, to feed different images to
the left and right eyes of viewers, for full 3-
D effects.

Yet another useful feature is that a black
cloth could be placed behind the transpar-
ent screen to convert it into a high con-
trast screen for the projected image alone.
Placing a black background is found to
improve the contrast, as opposed to a
white background, which is necessary
when we use conventional projection.
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Stem cell breakthrough

ESPERTS SAY THE GROUND-BREAKING DISCOVERY
COULD PAVE THE WAY FOR ROUTINE USE IN MEDICINE.
STEVE CONNOR REPORTS

A new way of creating stem cells that is
cheaper, faster and more efficient than
before could transform the ability of scien-
tists to develop “personalised medicine”
where a patient’s own healthy skin or blood
cells can be used to repair damaged tissues,
such as heart disease or brain injury.

Japanese scientists have announced they
had created stem cells — essential for bodi-
ly repair — by simply bathing blood cells in
a weakly acidic solution for half an hour,
triggering a remarkable reversion to the
cells’ original embryonic state.

Researchers in Britain said they were
astonished by the ease with which their
colleagues in Japan had created embryon-
ic-like stem cells with the ability to develop
into any of the dozens of highly spe-
cialised cells of the body, ranging from car-
diac muscle cells to the nerve cells of the
brain and spinal cord. It opens up the
prospect of doctors taking small samples of
skin or blood from a patient and using the
tissue to create stem cells that could be
injected back into the same patient as part
of a “self-repair” kit to mend damaged or-
gans without the risk of tissue rejection.
The stunning breakthrough was even more
striking in that it was made by a young
Japanese researcher called Haruko Obo-
kata of the Riken Centre for Develop-
mental Biology in Kobe, who could not at
first believe her own results — and when
she did finally believe them she found it
just as difficult to persuade her colleagues
that they were not a mistake.

“I was really surprised the first time I
saw (the stem cells)... Everyone said it was
an artifact — there were some really hard
days,” Dr Obokata said. Although the rese-
arch was carried out on mouse cells, it
should also work with human cells, she
said. “It’s exciting to think of the new possi-
bilities this finding provides us not only in
areas like regenerative medicine but per-
haps in the study of cell senescence (ageing)
and cancer as well. As regards human
cells, that project is underway,” she added.

Previously, stem cells with the ability to
develop into any specialised tissue - a phe-
nomenon called pluripotency — could only
be created either by extracting them from
early embryos or by genetically manipulat-
ing adult cells to create so-called induced
pluripotent stem (iPS) cells. However, cre-
ating and destroying human embryos rais-
es ethical questions for many people and is
fraught with practical difficulties, while
using iPS cells in human medicine raises

safety concerns about using genetically
modified cells. Both techniques are also
costly, inefficient and time-consuming.
The new approach, based simply on
bathing blood or skin cells in a weak solu-
tion of citric acid for 30 minutes, is not
only much quicker and cheaper than the

An image of a mouse embryo with beating heart generated
totally from Stap cells. (Haruko Obokata; Nature.)

previous two techniques, it is also so sim-
ple that it could be carried out in labs with-
out any particularly specialised knowledge
or equipment.

To test that the cells were truly pluripo-
tent, Dr Obokata and her colleagues labe-
lled them with a green fluorescent gene,
injected them into early mouse embryos
and found that they colonised every tissue
of the developing foetus, even its umbilical
cord — which does not happen with classi-
cal embryonic stem cells and iPS cells.

The Japanese scientists, who collaborat-
ed with Charles Vacanti of Harvard Med-
ical School in Boston, said that in addition
to blood cells, they had also created stem
cells from the brain, skin, muscle, fat, bone-
marrow, lung and liver tissues of newborn
mice. They have called the technique Stim-
ulus-Triggered Acquisition of Pluripo-
tency and believe there may be other ways
of “shocking” adult cells to revert to their
embryonic condition other than bathing
them in a weak acid solution.

Professor Vacanti said, “It may not be
necessary to create an embryo to acquire
embryonic stem cells. Our research find-
ings demonstrate that the creation of an
autologous pluripotent stem cell — a stem
cell from an individual that has the poten-
tial to be used for therapeutic purpose —
without an embryo, is possible.”

PLUS POINTS

Resistant to fluorosis

A scientist from a government college in
Udaipur, Rajasthan, has found that
compared to other animals, including
humans, camels are less prone to
fluorosis — a medical condition caused
by excessive intake of fluoride. It is
characterised by discolouration of the
teeth and, in severe cases, by dark brown
stains. Understanding what protects
camels from the disease could help find
ways to protect other animals. Young
adults of most species are susceptible to
fluorosis.

It occurs mainly due to continuous
intake of fluoride through water and
diet. “Fluoride content in groundwater
is relatively high in Rajasthan,” says the
author of the study, SL Choubisa,
professor and head of the zoology
department of Government Meera Girls
College, Udaipur. He says fluoride levels
in groundwater in Rajasthan are
between 2-5.7 parts per million.
Choubisa carried out a comparative
fluoride study in animals and humans
from 2011
to 2012.
House-to-
house
surveys
were
| carried out
in nine
villages of
the Thar
desert for
examining
fluorosis
symptoms.
Signs for dental and skeletal fluorosis
were observed in 194 adult camels (over
five years old) and 43 juvenile/sub-adult
camels (less than five years old). Apart
from camels, 210 adult and young
bovines and 218 residents, including
children, were examined for fluoride
symptoms in the surveyed regions.

The results showed that 13.8 per cent of
adult camels and 9.3 per cent of sub-
adult camels were afflicted with mild to
moderate forms of dental fluorosis,
while the incidence of moderate forms
of skeletal fluorosis was found to be 10.2-
2.3 per cent, respectively. However, the
prevalence of dental fluorosis was found
to be much higher and severe in bovines
(61.9 per cent) and humans (58.6 per
cent) than in camels, says Choubisa. He
also found a difference in the
manifestation of fluorosis in camels and
bovines. In cattle, the enamel of the
anterior teeth was striated with deep
brown stains, whereas in camels it was
non-striated and vertical, with light
brown stains.

Choubisa says that since camels are
adapted to arid environments and can
live for days without water, their intake
of fluoride-rich drinking water is
comparatively less. He concludes that
the severity of fluorosis is directly
proportional to the frequency of fluoride
intake.

Devendra Swarup, former director of
the Central Institute for Research on
Goats, Mathura, Uttar Pradesh, cites a
few reasons for the difference in fluoride
susceptibility in animals. He says that
unlike cattle and horses, which are
grazers, camels and goats are browsers
and eat plants and herbs rich in calcium
and vitamin C. Grazers primarily eat
grass while the diet of browsers includes
mostly leaves and twigs.

The study was published in Current
Science on 25 December 2013.

Fluoride content in groundwater is
relatively high in Rajasthan. Since
camels can live for days without
water, their intake of fluoride-rich
drinking water is less.
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Pollution biomonitors

Seaweeds (algae) are good indicators of
heavy metal levels in marine
environments and could be used for
monitoring such pollutants in seas.
According to a new study in the Gulf of
Kutch, which receives discharges
containing heavy metals from several
industries, various species of brown, red
and green algae accumulate heavy metals
from seawater and sediments.

Heavy metals enter various organisms and
trigger tissue damage. They generate
reactive oxygen species, such as hydrogen
peroxide, which break down proteins and
lipids, degrade DNA, and cause cell deaths.

The study was conducted at Vadinar and
Sikka in the Gulf of Kutch. In recent
years, such coastal regions have seen rapid
industrialisation. The researchers
measured the levels of heavy metals in
various species of red, brown and green
algae, in seawater and sediments and
found that iron, manganese and zinc
concentrations were generally high in all
the algae species. Large amounts of
cadmium and zinc were also found.

The highest concentrations of iron and
zinc were found in green algae (Ulva
lactuca) and the lowest iron concentration
was recorded in red algae (Gracilaria
Verrucosa)
at Vadinar.
Green algae
(Caulerpa
scalpeli-
formis)
accumula-
ted consid-
erable
amounts of
manganese at Vadinar. At Sikka, it was
found accumulated with large quantities of
cadmium and chromium. The highest and
lowest concentrations of lead were found
in the green algae. The study also found
that cadmium was accumulated most by
brown algae (Padina gymnospora).

The results have been published in the
February issue of Eco foxicology and
Environmental Safety.

Iron, manganese and zinc
concentrations were high in all the
algae species studied in the Gulf of
Kutch.
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