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Cryo-electron microscopy (CryoEM) has become an essential tool for structural biology and
adjacent fields. Despite the advancements in cryo-EM, the design of sample carriers (grids)
has remained largely unchanged. However, microfabrication techniques, driven by the
semiconductor industry, have made significant progress. CryoSilico is a silicon-based
sample carrier that uses microfabrication techniques to address the limitations of traditional
grids.

Conventional grids are made from soft metals like copper or gold, typically covered with a
holey carbon film. While these materials have desirable thermal conductivity, they are fragile
Furthermore, their surfaces are often uneven, making sample preparation challenging. The
carbon film is transferred at the individual carrier level, leading to inconsistencies in surface
properties even within the same batch. These individual-level processes also increase
fabrication time and lead times.

Our silicon-based carriers use nanotechnology and microfabrication techniques to overcome
these limitations. These carriers consist of a silicon frame, a holey silicon nitride membrane,
and a monolayer graphene layer. Silicon provides a rigid and robust frame, making handling
and sample preparation easier. The carriers are fully autoloader compatible, allowing users
to seamlessly integrate them with conventional metallic rings (cartridges) and C-clips. The
growth of silicon nitride on a silicon substrate results in a highly reproducible, atomically flat
surface, and microfabrication allows precise control of material properties, enhancing
robustness. Furthermore, our developed microfabrication process ensures that the
Graphene covers the entire wafer, enabling a high level of scalability and reproducibility.

CryoSilico grids have approximately round shape and a diameter of 3mm. The thickness of
the carriers is 200pm with thinner area around the edge where the c-clip is being placed (Fig.
1b). The top side (with the DENS logo and different markings) is completely flat and covered
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with a monolayer graphene (Fig. 1b). The sample is being deposited on that side (Fig. 1b).
On the top side of each carrier multiple markings/indicators can be seen (Fig. 1a).
Specifically with the DENSsolutions logo being in the south, in the west there is the
membrane size and spacing(grid bar) in um. North is the hole diameter and spacing (edge to
edge) in pm and in the east is the unique 4 digit grid identifier. On the most north-east
membrane there is a membrane with a 100um in diameter hole that is used for dose
measurements and as a fiducial marker. On the most south-west membrane the grid
identifier is visible in TEM along with the DENS logo to be used as fiducial marker. These
indicators are visible in a binocular or a light microscope.
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Figure 1 - CryoSilico overview
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Figure 2 - Sample preparation and clipping overview

Sample preparation guidelines

In these carriers the sample is deposited on top of the graphene and is present in a uniform
film across the whole top surface and it is not suspended in the holes as in standard grids
(Fig. 2a) Hence the hydrophilicity and surface properties of the graphene are critical for
good quality and thickness of ice.

Hydrophilization

Graphene in its native state is hydrophobic and requires some treatment to become
hydrophilic. The same methods (plasma, glow discharge, etc.) as standard grids can be
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used but graphene requires shorter and gentler treatment. See below a table with different

methods and exposure parameters for graphene:

Device Power (Current) Atmosphere Time
| e Low setting — 6.8W
PDC-32G Plasma .
B1mA) Air 20-30mTorr | 10-20 s
cleaner e Mid setting — 10.5W
(48mA)
. 3.3W (15mA) .
PELCO easiGlow Air 0.26mbar 15s
VitroJet N/A N/A 20-10s
02, 70mTorr,
Gatan Solarus 5W (23mA) 10s
11.5sscm
Other oxygen/air-
based plasma or 5-10W (20-45mA) Air 10-20 s
glow discharge
H2 based plasma H2-5%,
40W 30-60s
(recommended) N2 -95%
UV/ozone cleaner
Bioforce PloCleaner | N/A N/A 30min
. . 30min
Annealing 300°C N2 or Air
Chemical e Prepare 0.1 mM of PBA in dimethylformamide (DMF).
modification with ° In.cubate thg grid fgr 1.5m?n in the at?ove solution.
. i e Rinse the grid by dipping in DMF 3 times.
Pyrene Butyric Acid e Rinse the grid by dipping in ethanol 2 times.
(PBA) e Rinse the grid by dipping in IPA 3 times.
e Let grid dry in a cross flow cabinet or fume hood.

Once the grid is hydrophilic, proceed with the sample deposition (on the top surface of the
carrier, Fig. 2a), blotting (should also be done from the top/graphene side) and vitrification.

4 www.DENSsolutions.com

care
Innovate
deliver




DENS

solutions

1. Once the grid is hydrophilized, carefully grab the grid with plunger tweezers by the
thin edge. When grabbing a grid with tweezers one should pay attention that the
tweezers' tips grab only the thin edge of CryoSilico and the grid sits straight (see
Fig.3).

Wrong Correct

|

Figure 3 — Grabbing CryoSilico grid with plunger tweezers.

2. If the grid is sitting straight in the plunger tweezers then the contact of the grid
surface with the blotting paper will be not much different compared to normal
grids. After placing a grid into tweezers and locking the tweezers with a slider it is
recommended to shake it in order to check if the grid sits firmly. Also the sliding lock
should not be too tight, otherwise the tips will squeeze the grid's edge too hard and
the grid will jump out.

3. Then place the grid into the plunger and proceed with sample deposition, blotting and
vitrification as with a conventional grid. There still some changes be possible in the
sample behaviour during vitrification because of presence of graphene. But one can
use the blotting parameters optimized for other types of grids as a starting point for
CryoSilico.

For example, a recipe working for apoferritin:

e Glow discharge in PELCO easiGlow :15 mA, 0.26 mBar air for 15 sec.
e Plunging settings with the Vitrobot MkIV :
o Temperature: 4°C

Relative humidity: 95%
Sample volume: 3ul
Blotting force: 2

Blotting time: 1.5s,2,3 s

o O O O
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o Delay: 1s
o Blot total: 1

The carrier is placed with the top/graphene (flat) side down in the autogrid cartridge and the
clip ring is placed on the back side of the carrier. Standard tools, autogrid cartridges and clip
rings can be used (Fig 2b,c).

When picking up the grid the tips of the tweezers one should grab the thin edge of a grid
(see Fig.3).

Make sure that the tips of tweezers grab the whole thin edge up to thicker part and check
the strength of grabbing the grid by shaking it before inserting into a plunger.

If the thin edge is damaged by tweezers' tips it means that the squeezing force was too
high.

1. Take a 4 x 4 atlas of the whole grid.

2. Inthe square selection task use the “Add new grid square here” option (Fig, 4) — this
will add a green grid square, with the centre of the square being placed exactly
where the mouse clicked. Although these squares appear to be of a certain size, this
does not tell you what will be in the field of view in terms of holes. You should treat
them more as a marker of the area rather than the absolute area that will be in that
grid square.
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Figure 4 — Manually added grid squares in EPU.

3. In order to see what will be at the newly defined grid square — you need to use the
“hole selection” task. When you move the newly defined grid square EPU will try to
move the stage as close as it can to the centre of the square you placed on the
atlas. The number of holes and the size of the area will depend entirely on the
magnification you have selected when you set up your “grid square” preset. One just
need to pick a magnification here that allows to accurately find and centre the holes
when using AFIS. If you go too low in magnification there is more pixel size and
defocus error, so this will be less accurate.

4. Do not place your added grid squares too close to each other. You do not want to
accidentally include holes in two squares, as then they will be acquired twice and
double exposed once. However, EPU 3.10.1 has a handy measuring tool, so you can
make sure they are far enough apart.

5. Use “eucentric height by beam tilt” to find the eucentric height for a grid square.
Prepare all squares works well once you have prepared one example square, one
can also use multigrid option, which automatically finds the eucentric height of
each defined square as the session proceeds.
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o If you have any technical questions, please reach out to
lifescience@denssolutions.com.

o If you have any sales-related inquiries, please reach out to
sales@denssolutions.com.

o If youwould like to receive a quote for CryoSilico, you can do so via the following
link: https://denssolutions.com/request-a-quote/cryosilico/. Or alternatively, scan
the QR below.
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