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中国科学家近日在

世界上首次得到了分子

间氢键的实空间图像，

这将为生命科学的发展

带来新契机。

500年前伽利略·伽
利雷发明了第一台显微

镜。从那时开始，技术

的进步不断将人类的观

察对象投射到更小的物

体上，从昆虫的复眼到

细胞，从分子到原子。

直到今天，科学家们成

功观测到了氢键—分子

间的一种作用力。

“我们用显微镜观

察分子间的作用，就像

是我们用一台超级望远

镜从月球上观察地球上

的人类。以前没看到氢

键时我们只能看到一群人站在地球上，而现在，看到了氢键以后，我们发

现这些人是手拉手站着的，” 中科院国家纳米科学中心研究员裘晓辉告诉记
者。裘晓辉研究组拍下了世界上第一张氢键照片，并以论文形式将这一成

果发表在今年 11月初的《科学》杂志上，引起了科学界的轰动。
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Advances in technology have allowed scientists to observe a hydrogen bond,
a great leap forward in the study of life science. Cheng Yingqi reports.

E
ver since Galileo Galilei invented the microscope 500 years ago, leaps in technology have
extended our vision further into the world beyond the naked eye — from insects’ eyes to cells,
molecules and atoms. Now scientists are observing the hydrogen bond, a weak bond among
individualmolecules. “Toobservemoleculesandthebondthat links themtogether is likeusing
a super telescope to observe a human from the moon. In the past we found a crowd of people
standing on the Earth; now we can see that these people are holding hands with each other,”

says Qiu Xiaohui, an author of the research paper, Real-Space Identification of Intermolecular Bonding with
Atomic Force Microscopy, which was recently published in Science magazine.
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“The observation system
opens up broad prospects for
understanding the mechanism
of intermolecular interac-
tions.”

“Chemical bonding, paral-
leled to periodic law of ele-
ments, is thegreatestdiscovery
in chemistry, which allows us
to understand the chemical
natureofmatter,” saysLiuMin-
ghua, director of the National
Center for Nanoscience and
Technology, China.

When two or more atoms
join together to form a mole-
cule, they are linked together
by chemical bonding. The
strongest type of chemical
bond is a covalent bond.

“For an analogy, the covalent
bondsare likeyourarms—they
are stitched to a molecule. If we
rip them off, the molecule falls
apart,” Liu explains.

“The hydrogen bond, on the
contrary, is like people holding
each other’s hands. The way
they stand there holding their
hands determines the shape of
their formation — or the inter-
nal structure of a matter — but
if we cut off the hydrogen
bond, there will not be molec-
ular changes, or what we call a
chemical reaction,” he says.

Thefirsteverhigh-resolution
images of covalent bonds were
reported in 2009 by Leo Gross
and his colleagues at IBM-Zu-
rich Research Laboratory, yet

the images of hydrogen bonds
had never been captured
before Qiu’s team did so.

“It is already very difficult to
capture an image of a covalent
bond using the current
microscopy techniques, not to
say a hydrogen bond, which is
much weaker than a covalent
bond,” Liu says.

Hydrogen bonds are deci-
sive for the structure of some
of the most essential substan-
ces in our life, like water, DNA

and protein. “If scientists
want to understand the rea-
son why a snowflake has a del-
icate six-pointed shape, why
DNA has a double-heli struc-
ture, and why protein folds
into its optimum shape, we
explain it by hydrogen bonds,
though no one had ever seen
it,” Liu says.

“Now that we can see the
image of hydrogen bonds
directly, it will be a great help
for future research of life sci-
ence.”

International debates over
the nature of hydrogen bonds,
however, did not cease until
the recent publication of the
real-space images published
by the Chinese scientists, con-
tributing this decisive evi-
dence.

In 2011, the International
Union of Pure and Applied
Chemistry published a seven-
page draft redefinition on
hydrogen bonds after exten-
sive research into evidence
found over the past 40 years
questioned the nature of this
form of bond.

“Qiu Xiaohui and his team’s
real-space identification of
hydrogen bonding has indeed
been very, very important in
my opinion, as I have seen
chemists arguing endlessly
about ‘bonding’ without solid
experimental evidence,” Elan-
gannan Arunan says. Arunan

is the chemistry professor of
the Indian Institute of Science
who led IUPAC’s committee to
redefine hydrogen bonds.

Flemming Besenbacher,
founder and director of the
Interdisciplinary Nanoscience
Center located at Aarhus Uni-
versity, Denmark, says the
work of Qiu’s team “allows us
to ‘see’ something invisible
bonding”.

“The intermolecular bond-
ing is like an invisible glue
linking molecules together to
assemble molecules from
DNA, protein to build up you
and me,” he says.

“Qiu used — in a very ele-
gant way — the Atomic Force
Microscopeto imagehydrogen
bonds between DNA bases.

“For a life science, it is truly
remarkable progress to see
how DNA links, allowing us to
investigate the origin of life. It
is also possible to find mis-
matched and defective DNA,
which may help and find a
new way to cure disease,”
Besenbacher says.

Qiu and his team spent
eight years refining the Atom-
ic Force Microscope.

AnAtomicForceMicroscope
is an extremely precise micro-
scope that uses an atom-sized
probe to move across the sur-
faceofasamplesothat it isable
to detect individual atoms and
image them.

The precision of a general
purpose Atomic Force Micro-
scope reaches one-10th of a
nanometer, but far from
enough to see the hydrogen
bond.

Qiu and his team redesigned
the probe, and finally devel-
oped a new technologies pack-
age for probe production,
which is patent pending.

The team also optimized
mechanical design of the
microscopy. And the precision
of the specialized microscopy
has reached sub-nanometer, or
about a millionth of the width
of a human hair.

“This is like how speed rac-
ers refit their vehicles — they
modify the engine, the drive
system, the shock attenuation
device, etc.

“What I did is quite similar: I
refit my Atomic Force Micro-
scope. The probe is as impor-
tant as my engine so I
redesigned it, and I made
changes to other parts to
ensure they fit the high per-
formance engine,” he says.

The advancement of science
equipment is without end, as is
the exploration into hydrogen
bonds.

“Maybe one day we will
manage the technique to regu-
late hydrogen bonds, so that
with those devices, we will be
controlling the shape of DNA
and protein as easy as pie,” he
says.

Contact the writer at
chengyingqi@
chinadaily.com.cn

To observe molecules
and the bond that links
them together is like
using a super
telescope to observe a
human from the moon.
In the past we found a
crowd of people
standing on the Earth,
now we can see that
these people are
holding hands with
each other.”
QIU XIAOHUI
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Investor says brain science is becoming the next big wave
By CHENG YINGQI

The growth the Internet
industry brought to China is
remarkable — search engine,
electronic commerce and
mobile Internet have become
everyday necessities.

What is next? What kind of
science and technology will
bring phenomenal growth like
the Internet in the coming
decades?

Investor Patrick J. McGov-
ern says brain science is a field
worth investing in, though the
rewards he looks forward to
are not monetary.

McGovern is the chairman
and founder of International
Data Group, a world-leading
technology media, events and
research company.

In 1992, IDG was one of the
foreign pioneers to enter the
Chinese market, and had a
head start in local business —
especially the Internet-related
field — with its investment in
companies like Baidu, Sohu,
Tencent, Soufun and Ctrip.

Since 2011, McGovern and
his wife, Lore Harp McGovern,
have invested in brain science
research inChina.Theysigned
agreements to create insti-
tutes with three universities in
Beijing — Tsinghua University,
Peking University and Beijing
Normal University.

According to the agree-
ments, IDG will donate $10
million to each of the three
institutes by 2021.

The three new institutes fol-
lowed the establishment of

McGovern Institute for Brain
Research at Massachusetts
Institute of Technology in
United States, the first brain
research institute the couple
invested in, in 2000.

The McGoverns decided to

extend the research institute
to China because many of the
most brilliant brain and neu-
ral scientists they met were
from China. In fact, 30 per-
cent of the 500 employees at
the McGovern Institute at
MIT has Chinese parentage.

“We found Chinese people
are very good at science and
technology, especially in areas
of medical research,” Patrick J.
McGovern says.

“You cannot always take
people out of their country and
import them to America,
because people have culture
needs, they have family needs
and they need to be in their
country,” says Lore Harp
McGovern, explaining why
they launched three institutes
in China.

The couple expect each of
the three institutes to have 500
people in the coming 10 years,
about the size of the MIT insti-
tute. That means about 80 per-
cent of the employees in the
four centers will have Chinese
background.

“The returns we are looking
for are to increase the quality
of life and standards of living
for people. Right now, there
are about 500 million people
around the world who have
mental illness or brain dis-
ease. The 500 million people
with mental illness are costing
$5 trillion of vast economical
activity in the world, because
they require medical care, plus
the destruction they may
make, plus the society’s func-
tion because of their behavior,”

Patrick J. McGovern says.
“So, it is the dream of our

institute of brain research to
better understand the basis of
this type of mental illness and
find ways to cure it.”

The threeuniversities inChi-
na have different focuses in
their areas of study. The insti-
tute at Tsinghua focuses on
molecular research to better
understand neural circuits and
connections; Peking University
researches cognitive systems
neuroscience; and Beijing Nor-
mal University focuses more
onthemechanismsthatpeople
use to learn.

According to the latest sta-
tistics by Chinese Center for
Disease Control and Preven-
tion, China has more than 100
million people suffering from

mental disorders, with 16 mil-
lion of them in a crucial stage.

Lu Bai, a guest professor of
Tsinghua University and vice-
president of GlaxoSmithKline,
a science-led global healthcare
company, says the founding of
three McGovern institutes in
Beijing will help China’s brain
science in several ways.

“Most importantly, it will set
a new model of operation of
scientific institutions,” Lu
says.

He says the fund would help
recruit top Chinese neurosci-
entists to return to China, and
the close tie of the three insti-
tutes with the McGovern Insti-
tuteatMITwillprovideunique
opportunities for collabora-
tions between neuroscientists
in China and the US.
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Patrick J. McGovern, chairman
and founder of International
Data Group.
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国家纳米科学中心主任刘鸣华告诉记者，这项发现将为人们理解分子

间的相互作用开启广阔的前景，“化学键是和元素周期表齐名的化学学科最

伟大的发明之一，它使得我们得以探究物质的化学属性，”刘鸣华介绍。

相同或不相同的原子之所以能够组成稳定的分子，是因为原子之间存

在着化学键，而化学键中最强的一种叫做“共价键”。刘鸣华说，共价键就

像是长在人身上的胳膊，它们是连接在分子上的。如果我们打开共价键，

分子也就被打散了。与共价键不同，氢键就像是人们手拉着手，大家拉手

的方式可以决定他们站立的队形（也就是物质的内部结构），但如果我们把

氢键打开，不会发生分子内部的变化，亦即不会发生化学反应。

2009年，IBM-Zu-rich Research Laboratory的 Leo Gross和他的同事拍
摄到了第一张高分辨率共价键图片，但还从未有人捕获清晰的氢键照片。“利

用现行的显微设备，拍到共价键已经很难能可贵了，更勿论氢键了，因为

氢键比共价键弱很多，”刘鸣华说。

别看氢键的作用力弱，它却对许多关键生命物质的结构起着决定性作

用，比如水、DNA和蛋白质的内部结构。刘鸣华告诉记者，如果科学家想
知道为什么雪花呈现六角形的形状，为什么 DNA是双螺旋结构，为什么蛋
白质能以最优的方式折叠，这都需要借助氢键来解释，“尽管从来没有人见

过氢键的模样”。

“现在我们终于直接地观察到了氢键的样子，这对于未来生命科学的发

展将有很大助益，”刘鸣华说。

事实上，在中国科学家得到分子间氢键的实空间图像并提供了关键性

证据之前，国际上关于氢键的特性的争论从未停止过。在 2011年，在对过
去 40年间质疑氢键的存在的研究进行梳理之后，国际理论（化学）与应用
化学联合会发布了一份长达 7页的草案来重新定义氢键。这份草案的带头
专家，国际理论（化学）与应用化学联合会的化学家 Elangannan Arunan在
发给中国日报的邮件中表示，裘晓辉及其团队的分子间氢键的实空间图像

“在我看来是非常非常重要的，因为我已经见过太多的化学家们在没有试验

证据的情况下无休止地争论氢键是否真的存在。”

丹麦 Aarhus大学 Interdisciplinary Nanoscience中心的创始人和现任主
任 Flemming Besenbacher在写给中国日报的邮件中表示，裘晓辉团队的发
现使得人们亲眼看到了“隐形的作用力”。他说，“分子间作用力就像是一

种隐形的胶水，将不同的分子粘合起来组成 DNA和蛋白质，再装配成你我
这样的人类。而裘晓辉利用了一种非常优雅的方式——原子力显微镜——
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来实现对 DNA氢键的观测。对生命科学而言，这是一次非凡的进步，它使
得我们可以直接观察到 DNA内部分子的连接，让我们能进一步探究生命的
起源。这样一来，我们也同样有可能找到突变的 DNA，并找到治疗疾病的
新方法。”

为了打造这台观测到氢键的原子力显微镜，裘晓辉的团队整整用了八

年时间。原子力显微镜是一种高精度的显微镜，它使用原子级的探针扫描

样本的表面，得知表面高度图，并绘制三维图像。商业用途的原子力显微

镜的精度可以达到 1/10纳米，但仍远远无法观测到氢键。
裘晓辉实验组重新设计了探针，改造了整台显微镜，并取得了相关技

术专利。将显微镜的机械设计进行改造后，其精度达到了亚纳米级别（相

当于一根头发直径的百万分之一）。“就像赛车手改车要改引擎、改传动系

统、改减震一样，我们所做的也差不多，只是改造的是电子力显微镜。显

微镜的探针就像汽车的引擎一样重要，因此我重新设计了探针，也对其他

部分做了改造，以确保它们能匹配这台高性能的‘引擎’。”和化学家对氢

键的探索一样，科学工作者对优化科研设备的热情永无止境。“也许有一天

我们能够掌握控制氢键的技术，有了这样的设备，我们就能轻而易举地调

整 DNA和蛋白质的结构了，”裘晓辉说。


