SAAFIREY R HAST R
&3

4P T BRI

PI: s #ode



Correlative microscopy

]
Organs Cells in tissue
In vivo imaging Light microscopy
X B
-0
@ “7) '
P = =
\-'-' > B
-
Resolution - P Resolution +
System Biology Cellomics <—* Genomics/Proteomics

o % FET



nucleus

N
‘ ‘;Atf

Mironov et al. JJournal of Cell Biology, 2001, Vol 155, 1225-1238 VOVGEGEP




First Observation of Fully-Hydrated Biological
samples in TEM

C. Y. Chao et al., Physical Review Letters 93, 247801, 2004.

An Exotic Liquid Phase in
a Biomembrane-Like System

One of the major recent advances in condensed matter
physics is the prediction and subsequent experimental
confirmation of the existence of an intermediate hexatic phase
between the crystalline solid and the isotropic liquid in
reduced dimensions. This phase has long-range
bond-orientational order, and its positional correlations, while
short-range, should be much stronger than those in an
ordinary liquid. It has long been suspected but never
demonstrated that lyotropic lamellar membrane systems,
because of their intrinsic two-dimensional nature, should
exhibit hexatic behavior.

Our discovery is important in two respects. This is the
first report of hexatic behavior in a lyotropic liquid crystal
consisting of amphiphilic bilayers similar to those in biological
membrane systems, and should have a broad interest beyond
physics. Furthermore, this appears to be a new type of
hexatic liquid phase, with the charactenistic six-fold symmetry
but only liquid-like nearest-neighbor positional
correlations. lts existence brings into question our basic
understanding of the fundamental mechanism for melting
based on the introduction of defects.

QOur discovery also represents the first report of in-plane hydration force in lyotropic lamellar bilayer systems. In addition, our
experimental results also suggest that the water molecules possessing larger kinetic energy in between those bilayers could have
the chance of passing through the membrane-like bilayer films via the osmosis process, which is directly related to the hydration
force. Our results further suggest that the intercalated water molecules or the the plausible passage of water molecules through
the membrane-like bilayers weakens the interaction force between the molecules of these bilayer films, and the resulting dynamic
balance causes the surface of these lamellar bilayer films to exist in a ‘state’ qualitatively similar but quantitatively different from

the conventional 2D hexatic and 2D liquid states reported previously in many other LC films (Liguid Crystals Today 14, 1, 2005).

Our discovery not only reinforces the existence of surface hexatic liquid in nature, but also further provides important
information about the composition and organization of bilayers which are model systems for biological membranes. Besides, it
provides new food for thought in regard to the location of water molecules in these bilayer membrane films. Moreover, our unique
environmental TEM can also open the door to new research areas linking the disciplines of physics, chemistry, biology, and
medicine.
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This new state forms due to the
existence of hydration force in
lipid-water system in biological
native environment.
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Biological Environmental TEM
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Electron Microscopy of Whole Cells and Biological
Specimens in Liquid
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Electron microscopy of whole cells in liquid
with nanometer resolution

N. cle Jonge®b, D. B. Packyst®, G. ). Kremers®, and D. W. Piston®
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Sample thickness ~15um

Resolution 4nm = now < 2nm operating in the STEM
mode
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Flg. 2. Liquid STEM Images of COS7 fibroblast cells labeled EGF-Au. (4) Image of the edge of a fixed COS7 cell after 5min Incubationwith EGF-Au. The labels
are viible as bright spots and the cellular material Is shown as light-gray matter on a dark-gray background. The plxe size was 5.7 nm. (8) Image of a COS7 cell
Incubated with EGF-Au for 10 min and Incubated In buffer (without EGF-Au) for an additional 15 min. The plxel size was 4.4 nm. (C) Image of the sample usad
In & recorded after the flaw cell was opened and the sample was dried In air. The pixel size was 8.9 nm. Note that the salt of this sample was not removed.
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Electron microscopy of specimens in liquid

Niels de Jonge™ and Frances M. Ross**

REVI EW ART |CLE NATURE NANOTECHNOLOGY poi:10.1038/NNANO.2011.161

20 um

Figure 3 | Electron microscopy of biological samples. a, Human monocyte-derived macrophages imaged with SEM in a wet environment®® at 4.9 torr and
7°C. Samples were fixed in glutaraldehyde and rinsed with deionized water before imaging. b, SEM image of H. pylori bacterium fully immersed in liquid,
imaged using a capsule with a thin window. Samples were incubated with complexed biotinylated gastrin on streptavidin-coated 20 nm Au particles,
followed by glutaraldehyde fixation. ¢, STEM image of Au-labelled epidermal growth factor receptors on whole fixed COS7 fibroblast cells in liquid. The Au
labels are visible as yellow spots on the light blue cellular material. The background shows in dark blue. d, Endocytotic vesicles were formed in a second
sample after a longer incubation. e, Fluorescence microscopy image of COS7 cells®. The cells were fixed, labelled with a fluorescent dye, and stained for
contrast in SEM. f, SEM image of the cellular material in the rectangle in e imaged under fully hydrated conditions®. Panels reproduced with permission
from: a, ref. 39, @ 2009 Wiley; e f, ref. 33, @ 2010 Elsevier. Panels modified with permission from: b, ref. 2, @ 2004 National Academy of Sciences;

c,d, ref. 4, @ 2009 National Academy of Sciences.



World-Leading Technique

& World-leading Biological TEM Technique
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TEM Protein data



»Extra density in the central linker

Missing residues
in X-ray data 15






»Central bracelet
v Central substructure v Sinusoidal pillars

s

v Direct observation of the
sinusoidal bracelet

v’ Bracelet model

Proc. Natl Acad. Sci. USA, 83, 8034 (1986).




@ Cooperative oxygen binding mechanism
of earthworm hemoglobin @ ypon oxygen binding,

the allosteric signal is
transmitted through the
heme iron to the
proximal histidine,
causing the tilting of
helix-F.

In the next step, the
allosteric signal is
transmitted to the linker,
and the B barrel domain
IS pushed outward.

As aresult, the
oxygenation causes a
radial expansion of the
whole hemoglobin
complex.
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