
5
0

 &
 1

0
0

 Y
E

A
R

S
 A

G
O

et al. (page 766)2 and Kaji et al. (page 771)3 
combined powerful technologies, developed 
independently, to overcome many of the diffi-
culties others encountered in attempting virus-
free reprogramming. These groups also made 
use of the virally derived 2A-peptide sequence5 
to create multi-protein expression vectors 
incorporating all of the reprogramming genes. 
Instead of retroviruses or plasmids, however, 
they used the piggyBac transposon/transposase 
gene-delivery system. This vector can easily 
integrate into the genome. But more impor-
tantly, the integrated DNA can also be removed 
from the genome — through transient expres-
sion of the transposase enzyme — in a highly 
efficient and seamless fashion, leaving no trace 
of the integration in the genome of the iPS cells. 
The use of the 2A peptide is crucial, not just 
because it allows delivery of all of the required 
reprogramming genes in a single construct, 
but also because it makes complete excision 
of the foreign constructs much easier. What’s 
more, the efficiency of this approach2,3 is much 
higher than that of transient transduction of 
cells using adenoviral vectors4,5.

Kaji et al.3 also generated chimaeric mice 
using their iPS cells and found that these cells 
contributed to tissues derived from all three 
embryonic germ layers. The researchers do not 
mention, however, whether the animals could 
give rise to iPS-cell-derived offspring — the 
gold-standard test of pluripotency in mice. 
Moreover, they did not extensively character-
ize the human iPS cells, although these cells 
did have the expected features of pluripotent 
stem cells.

Together, these studies2–5 remove a major 
barrier to the generation of iPS cell lines that 
are safe for clinical use, showing beyond doubt 
that transient expression of reprogramming 
factors in somatic cells is sufficient to reset their 
gene expression to the pluripotent state. The 

piggyBac technology, in particular, will find 
broader use for transiently introducing genes 
— such as those encoding ‘reporter’ proteins or 
master regulatory transcription factors — into 
embryonic stem cells and subsequently remov-
ing them. It could, in addition, be applied to 
the reprogramming of one differentiated cell 
type into another, such as the reprogram-
ming of pancreatic exocrine cells into insulin-
producing islet cells9, rather than reverting a 
cell back to an embryonic-like state. 

It remains to be seen whether alternative 
reprogramming methods currently under 
development — such as reprogramming by 
simply exposing differentiated cells to small 
molecules, either alone or in combination with 
gene introduction — will prove more efficient 
than the techniques described so far. And cru-
cial questions about the equivalency of human 
iPS cells to embryonic-stem-cell lines remain: 
do these cell lines have the same developmen-
tal capacity as embryonic stem cells, and will 
they prove to be stable genetically and epi-
genetically? Rapid progress in this exciting 
field hints that the answers to these questions 
will soon become clear.  ■
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PHYSICAL CHEMISTRY

How to improve your image
Michael J. Therien

The technique of second harmonic generation microscopy is used to obtain 
pictures of living systems, but the dyes required provide only modest imaging 
contrast per molecule. The latest dyes give a much better picture.

Optical imaging experiments have provided 
a wealth of structural, functional and mecha-
nistic insights into biological processes, and 
at every level of organization: from the sub-
cellular to the cellular, at the tissue level, and 
even in whole animals. Some of these inves-
tigations rely on multi-photon techniques, in 
which a fluorescent signal is generated from 
a dye by the near-simultaneous absorption of 
two or more photons. Writing in the Journal 
of the American Chemical Society, Reeve et al.1 

describe a new family of dyes that produce 
dramatic signal enhancements in a two-
photon technique known as second harmonic 
generation (SHG) microscopy. The dyes could 
dramatically improve the scope of the tech-
nique for biological imaging — especially in 
studies of membranes. 

Two-photon microscopy2–4, of which 
SHG microscopy is an example, has revolu-
tionized the biological sciences by enabling 
non-invasive, high-resolution imaging of 

50 YEARS AGO
The Eddington Memorial 

Lectures have come to occupy 

a special place in the scheme 

of things, because they enable 

men of distinction to illuminate 

some particular facet of the 

working of that great mind. 

In his recent lecture entitled 

“Science, Philosophy and 

Religion” … Sir Russell Brain 

shows how the analysis of man, 

science and revelation, man 

and mechanization, perception 

and knowledge fit into the main 

stream of Eddington’s thought 

… If one lesson emerges clearly 

from pondering upon Eddington’s 

philosophy, it is that a new 

concept will be needed to enable 

us to explain total behaviour 

in a way which transcends 

individual components. This is 

well said for biological systems, 

but it ... is becoming essential 

for inanimate phases, too, as 

witness the present discontents 

with ‘classical’ quantum theory. 

Ratiocination will try its hardest, 

though maybe these regions 

form part of the unseen world 

to which, as Eddington says, the 

human spirit must turn. 

From Nature 11 April 1959.

100 YEARS AGO
An article is contributed by Dr. H. 

Marzell to Naturwissenschaftliche 

Wochenschrift (March 14) on 

the subject of plants which 

have been popularly endowed 

with magic qualities. The chief 

of these is undoubtedly the 

mandrake, Mandragora officinalis, 

the cultivation of which dates 

back to very ancient times, and 

spread from the East to various 

European countries ... Another 

plant, known as “moly” (μωλυ), 

frequently mentioned in the 

classics, because it was given 

to Ulysses to protect him from 

the wiles of Circe, is generally 

regarded as a species of Allium. 

Reference is also made to an old 

English cantation, “The Song 

of the Nine Herbs,” and to the 

superstition connected with 

“fern seeds,” i.e. fern spores, 

which are supposed to render the 

bearer invisible.

From Nature 8 April 1909.

716

NATURE|Vol 458|9 April 2009NEWS & VIEWS

9.4 n&v MH IF   7169.4 n&v MH IF   716 3/4/09   17:29:503/4/09   17:29:50

© 2009 Macmillan Publishers Limited. All rights reserved



living samples in real time. Perhaps the most 
commonly used variant is two-photon-excited 
fluorescence (TPEF) microscopy, in which a 
pair of low-energy photons is absorbed by an 
emissive probe molecule that would normally 
absorb a single photon at half the wavelength 
(twice the energy) of the low-energy photons. 
The resulting electronically excited dye relaxes 
to a fluorescent state that can be observed. By 
using low-energy (near-infrared, NIR) pho-
tons to generate fluorescence, rather than 
higher-energy (visible-light) photons, light-
induced degradation 
of biological samples 
is minimized.

In contrast to TPEF 
imaging, the dye mol-
ecules in SHG micro-
scopy do not absorb 
photons. Instead, 
they scatter light at 
exactly half the wave-
length of the incom-
ing radiation. As no 
real excited states are 
produced, phototoxic 
damage to biological 
samples can in prin-
ciple be eliminated. 
Like TPEF imaging, 
SHG microscopy is 
based on a nonlinear optical process in which 
the observed signal scales with the square of 
the intensity of the incident light; this relation-
ship provides excellent spatial resolution. But 
whereas the light produced in SHG microscopy 
is always half the wavelength of the irradiat-
ing laser, that produced in TPEF imaging is 
determined by the spectral breadth of the dye’s 
fluorescence emission band.

Both methods require pulsed-laser excitation, 
which provides the necessary peak intensity of 
light for these experiments, typically at NIR 
wavelengths. This is a particularly useful optical 
window for studying biological systems, because 
biological media do not absorb NIR light well, 
which reduces background noise in the images 
obtained. Furthermore, because light scatter-
ing diminishes with increasing wavelength, 
NIR light penetrates tissue more effectively than 
either ultraviolet or visible light.

To obtain high sensitivity and resolution 
in SHG microscopy, hyperpolarizable probes 
are required — dye molecules that have 
electron-density distributions that can be 
highly distorted under the influence of an 
optical field. Reeve and colleagues’ probes1 
are based on previously reported ‘porphyrin’ 
dyes5 (Fig. 1a). Porphyrins provided a good 
template from which the authors could work, 
because such compounds have been shown to 
fluoresce intensely on absorbing low-energy 
photons6, and to be particularly good at absorb-
ing pairs of photons7,8 — properties that are 
crucial for linear and nonlinear optical imaging 
applications.

When the porphyrin is attached to electron-

directed radiation that depends on the distri-
bution and orientation of dipoles in the dye 
molecules. Accordingly, SHG microscopy can 
in many instances provide structural informa-
tion that can’t be obtained by TPEF imaging2,3.

SHG microscopy has been used in such 
diverse applications as probing cell–cell inter-
actions, scrutinizing cellular morphology and 
even recording waves of electrochemical activity 
(action potentials) in neurons in real time2–4,10. 
But thus far, the method has relied on dyes that 
have only modest hyperpolarizabilities. Reeve 

and colleagues’ 
compounds1 are a 
big improvement, 
but the authors 
have another trick 
up their sleeves 
that could further 
enhance  imag-
ing contrast per 
molecule of dye. 
Por phyrins read-
ily bind dipositive 
metal ions. When 
the authors’ dyes 
bind to certain such 
ions, such as cop-
per ions (Cu2+), the 
resulting complex is 
non-fluorescent. If 

these non-fluorescent complexes are used for 
SHG microscopy, the experimental set-up can 
be tuned to exploit an effect known as resonance 
enhancement. This increases the hyperpolariz-
ability of the molecules5,9, thus providing even 
more sensitive probes for SHG microscopy. 

Reeve and colleagues’ compounds are the 
first of a new generation of SHG imaging dyes 
that will undoubtedly enable multi-photon 
imaging at higher contrasts and resolution than 
was previously possible. Because the electron-
donating and electron-accepting groups can be 
readily changed, an enormous range of dyes 
can be made and optimized for various appli-
cations. This, in turn, will provide new tools 
for visualizing cellular and subcellular events 
in living tissue. ■
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donating and electron-accepting groups by 
carbon–carbon triple bonds (C≡C), the elec-
tron density of its delocalized electrons can be 
hyperpolarized in an optical field. The C≡C 
bonds are particularly important in the design 
of imaging agents for biological applications, 
because porphyrin compounds featuring this 
bonding motif exhibit desirable nonlinear opti-
cal properties and exceptional hyperpolariz-
abilities5,9, as well as strong NIR fluorescence6,8. 
Yet another reason for the interest in porphy-
rins is that they are ubiquitous components 

Figure 1 | Another way to dye. a, Reeve et al.1 report improved fluorescent dyes for second harmonic 
generation (SHG) imaging. The molecular structure of the dyes consists of a porphyrin core (blue), 
to which an electron-donating group (green) and an electron-accepting group (red) are attached. R 
represents a methyl group, or a hydrocarbon chain to which a polar group is attached. b, The authors used 
their dyes to obtain SHG images of SK-OV-3 cancer cells. (Scale bar, 10 μm. Image reproduced from ref. 1.)

of the proteins involved in electron migration 
(cytochromes), oxygen transport (haemo globin) 
and oxygen storage (myoglobin). Probes 
such as those described by Reeve et al.1 might 
therefore exhibit the biocompatibility and 
biodegradability required for in vivo imaging 
applications.

Will SHG microscopy supplant TPEF as the 
standard microscopic method for biological 
imaging? To answer this question, it should 
be noted that SHG measurements require 
hyperpolarizable dyes to be ordered in an 
asymmetric fashion — a ‘noncentrosymmet-
ric’ arrangement, for those in the know — over 
macroscopic dimensions. Reeve et al.1 incorpo-
rated structural elements into their dyes (long 
hydrocarbon chains on the electron-donating 
portion of the molecules) that ensure asym-
metric ordering of the molecules within bio-
logical membranes. This enabled the authors to 
generate SHG micrographs of SK-OV-3 cancer 
cells1 (Fig. 1b). But TPEF imaging does not 
require asymmetric ordering of dyes to gener-
ate signals, and will thus always remain a more 
general two-photon microscopy method.

On the other hand, TPEF imaging is an 
incoherent process that entails light absorption 
and, in general, subsequent omnidirectional 
emission. This combination of processes often 
causes valuable information to be lost about 
how dye molecules interact with their local 
biological environment. In contrast, SHG 
microscopy is a coherent phenomenon that 
maintains phase information about the inci-
dent radiation. The scattered light observed 
in SHG imaging therefore consists of highly 
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