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Improved in situ visuali-
zation of regions of 
interest in eukaryotic cells 
using HPF and cryo FIB



Pilot Project Introduction

HPF Cryo-FIB

FEI Titan Krios, CEITEC

A Zeiss Libra 200/FEG TEM was used to obtain a low-
magnification image of synthesized graphene at 200 kV.
Individual sheets typically appear folded and overlapping in
low-magnification images, and are as large as several hundred
nm (Fig. 1b). A high-resolution direct image of a synthesized
sheet, taken using the TEAM 0.5 (Fig. 1c), shows the
hexagonal arrangement of carbon atoms that is characteristic
of graphene.4 The sheet is highly ordered and free of
adsorbates, even in the region near the edge.

An atomic-resolution TEAM 0.5 image reveals a highly
ordered synthesized single-layer graphene sheet (Fig. 2).
Individual carbon atoms appear white in the image, and
are arranged in a hexagonal pattern with a 0.14 nm bond
length. Prior to this study, such a clean and structurally perfect
single-layer sheet had only been observed from graphene
obtained from graphite.4

FT-IR has been used to detect the presence of functional
groups on graphene oxide and chemically exfoliated
graphene.7,9,18 Prominent features in the FT-IR spectrum of
electrically insulating graphene oxide9 include absorption
bands corresponding to C–O stretching at 1053 cm!1, C–OH
stretching at 1226 cm!1, phenolic O–H deformation vibration
at 1412 cm!1, CQC ring stretching at 1621 cm!1, CQO
carbonyl stretching at 1733 cm!1, and O–H stretching
vibrations at 3428 cm!1. Additionally, one CH3– and
two CH2– peaks occur at 2960, 2922, and 2860 cm!1,
respectively.18 These features are either absent or minimal
in the FT-IR spectrum of the synthesized graphene (Fig. 3a).
To verify these findings, an FT-IR spectrum of ball-milled
HOPG was obtained for comparison. The HOPG powder
exhibited weak absorption bands at 1200 and 1580 cm!1,
in agreement with published transmission spectra of
graphite that had been extensively milled.19 The strong
similarity between the FT-IR spectra of the synthesized
graphene and HOPG (Fig. 3a, inset) and the absence of
other features showed that the sheets were free of functional
groups.
Additional elemental characterization studies confirmed

the FT-IR results. An XPS spectrum obtained from the
synthesized sheets (Fig. 3b) also resembles spectra obtained
from HOPG.7 Elemental analysis by combustion,20 which
measured C, H, and N, revealed that the mass composition
of the as-synthesized graphene was 98.9% C, 1.0% H,
and 0.0% N (0.1% O by difference). A direct measure-
ment of oxygen also showed that the sheets had a mass
composition of 0.1% O. These results show that oxygen from
the ethanol does not bond to the graphene during the synthesis
process.
The substrate-free gas-phase method can continuously

produce clean and highly ordered free-standing graphene
sheets. Milligram amounts of graphene can be collected
in minutes with the current experimental setup,17 and it
is possible to scale up the process to obtain industrial
quantities. We suggest that the graphene synthesized by
this method can substantially enable graphene research and
applications.

Fig. 1 (a) A 6 cm tall vial containing a 100 mg sample. In our current experimental setup, samples were obtained at a rate of 2 mg min!1.

(b) A typical low-magnification TEM image of synthesized graphene sheets. Scale bar is 100 nm. (c) A high-resolution image directly taken at

80 kV in the TEAM 0.5. The white arrow indicates the edge of the sheet. Scale bar is 4 Å.

Fig. 2 An atomic-resolution image of a clean and structurally perfect

synthesized graphene sheet. Individual carbon atoms appear white in

the image. The image was obtained through the reconstruction of the

electron exit wave function from 15 lattice images using MacTempas

software.
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Electron Microscopy (EM) enables insights 

into atomic details (< 1 Å = 0.1 nm = 

1/10.000.000. mm)

Dato et al., 2009For large biological samples (e.g. cells) 

highest quality can be achieved by high 

pressure freezing (HPF), then “cutting out” 

the region of interest by focused ion beam 

(FIB) milling and cryo-TEM visualization 

but biological samples need protection from 

dehydration (vacuum inside EM instruments) 

and electron radiation so that special sample 

preparation is needed which limits resolution

before radiation after radiation
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HPF Cryo-FIB

sample preparation by HPF:
High Pressure Freezing

HPF

Application Kits

6mm Flat Embedding System

I Type A carrier:
100/200µm recesses

I Type B carrier:
Flat and 300µm recess

I Type A/B: Al or Au-plated Cu
I 3rd party carriers

Minimised interference with
specimen!
Caution with freeze substitution!

Leica Microsystems (EM HPM100)

Leica EM ICE Regensburg, June 28, 2016 (C) Nexperion e.U., 2013 - 2016 Slide 16 / 34

Cryo-FIB

FEI

Cryo-FIB: cutting out the 
region of interest

TEM

2D & 3D Visualization by 
TEM: Transmission 

Electron Microscopy

Burbaum et al., 2017
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Project - Implementation

HPF Cryo-FIB

Staff Exchanges / Knowledge Transfer:
partly done, partly ongoing

Internal Workshops:
started, but delayed due to installation of new, critical equipment



Project Results: HPF 

HPF Cryo-FIB

• Comparison of different HPF instruments:
-> Leica EMpact preferred for cells

containing viruses; otherwise Wohlwend

Compact well suited

• Comparison of different Carriers:
-> critical parameter is depth; as deep as 

necessary and as flat as possible

• Comparison of different fillers:
-> BSA suitable for most samples

• Comparison of different cell types:
-> suitable for different samples, e.g. HeLa, 

MDCK; yeast, bacteria, …

Application Kits

6mm Flat Embedding System

I Type A carrier:
100/200µm recesses

I Type B carrier:
Flat and 300µm recess

I Type A/B: Al or Au-plated Cu
I 3rd party carriers

Minimised interference with
specimen!
Caution with freeze substitution!

Leica Microsystems (EM HPM100)
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Project Results: cryo-FIB 

HPF Cryo-FIB

• Complete workflow
established including:
-> cryo-transfer to FIB
-> FIB Milling
-> cryo-transfer to TEM
-> TEM visualization

1. Vitrified cells on the TEM grid 2. Zoom-in to cells selected for lamella preparation

3. Cellular cross-section preparation by Ga+ beam 4. Final lamella for high-resolution cryo-electron tomography



Project Results: TEM visualization

HPF Cryo-FIB

Vaccinia virus inside A9 cell HeLa cell

• Final visualization step:
-> transfer to TEM (transmission electron
Microscope) for 2D or 3D visualization



Project Summary & Outlook

HPF Cryo-FIB

• Workflow HPF – cryo-FIB – TEM visualization established:
-> ready for open access projects

• Potential applications / end-users:
this technology allows high resolution insights into large samples as close to the native state as
possible today and is highly interesting for several research areas:

structural biology
developmental biology
cell biology 
pharma industry…

HPF Cryo-FIB TEM


