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Recently, it has been demonstrated that cryo-focused ion beam milling (cryo-FIB) can be used to obtain
high-quality samples from complex cellular environments for cryo-electron tomography (cryo-ET) from
both plunge-frozen and high pressure frozen (HPF) cells, organisms and tissues [1-3]. These advances
revealed the inner organization of cells and tissues at the molecular scale and at unprecedented resolution,
coining the term “molecular sociology” [4].

Although technically demanding and involving time-consuming preparation steps, the extraction of
lamellas from large high-pressure frozen samples (lift-out) can be successfully conducted using two
different approaches [1, 5, 6]:

The first approach uses a cryo-gripper to transfer the volume of interest from a bulk sample to a receiver
grid with slots previously made by FIB milling. However, the preparation of these receptacle grids is a
time-consuming process. Moreover, the receiver grid with the delicate lamella needs to be mounted in
cartridges for the subsequent transfer to the TEM, with the risk of damaging or even losing the lamella

[1].

The second approach to extract lamellae from bulk HPF material employs a sharp tungsten needle. Here,
the transfer to a receiver grid is achieved by depositing platinum via a gas injection system (GIS) that
attaches the needle to the volume of interest. Since under cryo-conditions the platinum is deposited over
the entire sample, the resulting platinum layer will accumulate with each lift-out, thus limiting the total
number of transfers that can be performed [7].

In this work, we demonstrate the application of deposition-free cryo-FIB lift-out using both the gripper
and the needle system. While the gripper does not require local material deposition for the transfer to the
receiving grid, the needle is attached by re-depositing needle material onto the volume of interest, thereby
avoiding the build-up of a platinum layer. For both gripper and needle, extracted volumes are then welded
onto a half-moon grid that has been pre-assembled in a cryo-EM cartridge. This is again achieved using a
re-deposition procedure similar to that described previously [7] before fine-milling and transfer to the
TEM. Circumventing the cartridge assembly after lift-out greatly enhances the success rate. While
contamination during transfer between cryo-FIB and TEM still limits the accessible positions for
tomography, the resulting lamella quality is equivalent to standard on-the-grid milling approaches.
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Figure 1. Figure 1. Cryo-FIB lift-out workflow. I: A volume is extracted from the bulk by either A:
attachment to a tungsten needle by re-deposition or E: a cryo-gripper. Arrowheads in A indicate milling
region for re-deposition. 11: B: Transfer to a half-moon grid and F: attachment by re-deposition of half-
moon grid material through milling regions indicated by arrowheads. I1l: Scanning electron microscopy
(SEM) overview of a polished lamella produced by C: the needle and G: the gripper lift-out approach. IV:
TEM overviews of the lamellae produced by D: the needle and H: the gripper approach.
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