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Liquid nitrogen is colorless, odorless, extremely cold (-196 °C) Ii%uid kept under pressure. It is commonly used as a cryogenic fluid for long term
storage of biological materials such as blood, cells and tissues 2 The cryogenic nature of liquid nitrogen, while ideal for sample preservation,
can cause rapid freezing of live tissues on contact - known as ‘cryogenic burn'z, which may lead to severe frostbite in persons closely involved in
storage and retrieval of samples from Dewars. Additionally, as liquid nitrogen evaporates it reduces the oxygen concentration in the air and might
cause asphyxia, especially in confined spacesz.

In laboratories, biological samples are often stored in cryovials or cryoboxes stacked in stainless steel racks within the Dewar tanks'. These
storage racks are provided with a long shaft to prevent boxes from slipping out from the racks and into the bottom of Dewars during routine
handling. All too often, however, boxes or vials with precious samples slip out and sink to the bottom of liquid nitrogen filled tank. In such cases,
samples could be tediously retrieved after transferring the liquid nitrogen into a spare container or discarding it. The boxes and vials can then be
relatively safely recovered from emptied Dewar. However, the cryogenic nature of liquid nitrogen and its expansion rate makes sunken sample
retrieval hazardous. It is commonly recommended by Safety Offices that sample retrieval be never carried out by a single person. Another
alternative is to use commercially available cool grabbers or tongs to pull out the vials®. However, limited visibility within the dark liquid filled
Dewars poses a major limitation in their use.

In this article, we describe the construction of a Cryotolerant DIY retrieval device, which makes sample retrieval from Dewar containing cryogenic
fluids both safe and easy.

Video Link

The video component of this article can be found at https://www.jove.com/video/3903/

Protocol

1. Assembly of Cryotolerant Device for Retrieval of Cryoboxes

1. Using pliers, straighten out one side of 3 sided strong-tie (Figure 1A) to make an L shaped strong-tie shown in Figure 1B. Note: The
dimensions of strong-tie can be selected depending on the diameter of the neck of Dewar.

2. Secure two such strong-ties with a strong-tie T strap (Figure 2) using Crown bolt nut, washer and screw to form the Cryoscoop base as
shown in Figure 3(A-B). Note: Two strong ties are used to allow retrieval of 5 Y2 in. X 5 2 in. cryoboxes.

3. Using a slotted plate (Figure 4), align the slots on the strong-tie T strap with the slots on one end of the slotted plate and secure the two
together with help of Hillman nut and bolts (Figure 5). Note: If the slotted plate and strong tie's does not come with pre-drilled holes, you will
have to have holes drilled using carbide drill bit.

4. Bend the other end of the slotted plate with the help of pliers as shown in Figure 6. (This step is optional).

5. Wrap the handle with foam to better grasp the device when in liquid nitrogen as shown in Figure 6. (optional) Note: Remove the foam prior to
autoclaving.

2. Assembly of Cryotolerant Device for Retrieval of Cryovials

The Cryotolerant DIY retrieval device can also be adapted for retrieval of cryovials. This involves substituting the flat base with a stainless steel
strainer as shown altered for scooping out vials from liquid nitrogen (Figure 7).

1. Unscrew the Crown nuts and bolts attaching the strong-tie T strap to the slotted plate.
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2. Before attaching the stainless steel strainer to the slotted plate, gently bend the neck of the strainer with the help of pliers to orient the base
at an angle to resemble a ladle (Figure 8). Note: If the strainer comes with a lip, use pliers to bend the lip down; this will make maneuvering
with the device easier.

3. Align the hole on handle of the strainer along with the holes on the slotted plate and secure the strainer with help of Hillman nuts and bolts as
shown in Figure 8. Note: if the strainer does not come with pre-drilled holes, you will need to arrange to have holes drilled with carbide drill
bit.

3. Retrieving Cryoboxes and Cryovials From Dewar

To begin, put on cryogenic gloves and remove 1 or 2 freezer racks from the Dewar to allow room for maneuvering.

Gently scrape along the bottom of the Dewar with the upright Cryotolerant DIY retrieval device fitted with strong-tie T strap base (Figure

5) and collect the box fallen to the bottom of the Dewar tank. Note: Liquid nitrogen boils immediately on contact with a warmer object,
enveloping the object in insulating nitrogen gas (Leidenfrost effect). To cool the device prior to retrieval of samples, slowly immerse the device
into the Dewar and allow liquid nitrogen to cool the device sufficiently before proceeding with the above step.

Pull the device upright along the walls of the Dewar to scoop the freezer box out of the tank.

Grab the box retrieved from the bottom of the Dewar.

For retrieving cryovials, gently scrape the bottom of the Dewar with the cryoscoop fitted with a strainer (Figure 9).

Similar to cryobox retrieval, pull the device upright and grab the vials collected in the strainer.
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4. Representative Results

A major challenge in gene expression studies is that the quality of RNA depends on the storage conditions for both frozen tissue samples

and extracted RNA?. Figure 10 shows the effect of sample handling on integrity of total RNA. Total RNA from the same tissue source (human
adipose) was subjected to different sample handling. Prior to experiment, intact total RNA preparate shows clear 28S and 18S rRNA bands with
the 28S rRNA band approximately twice as intense as the 18S rRNA band (Figure 10, lane 1). This 2:1 ratio (28S:18S) is an indication that the
RNA is intact, while partially degraded RNA appears as a smear, or its 28S:188S intensity ratio departs from 2:1° Lanes 3-4 depicts RNA samples
with significant degradation. These RNA samples were subjected to repeated partial defreezing by short-term retrievals from the Dewar (Method
A), thus modeling long term storage with periodic decanting due to necessity of the retrieval of the fallen vials and boxes (Figure 10, Lane 3-4).
However, samples stored in Dewar serviced using DIY device (Method B) and, thus, no partial defreezing, contain intact RNA (Figure 10, Lane
2).

Figure 1. A) The base consists of two 3 sided strong-tie of shown dimensions. Each strong-tie contains one large pre-drilled hole (solid arrow)
and multiple smaller holes (small arrow) on each face. This provides an option to allow fastening with nut and bolts. Also the smaller holes allow
rapid drainage of liquid nitrogen during sample retrieval. B) One side of each of the strong-tie is straightened with the help of pliers to make L
shaped strong-tie.
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Figure 2. Strong-tie T strap is used to secure the strong-ties together. Like strong- tie, T-strap has one large pre-drilled hole (solid arrow) and
two smaller holes (small arrow) on each corner. This allows securing strong-ties along the length of the T - Strap using nuts and bolt. It also
enables fastening T-strap to the slotted plate.

A

“——— Tslrap

Strong-tie 1
Strong-tie

Figure 3. A) Each strong-tie is fastened to one corner of T-strap, along its length using crown bolt nuts, bolts and washers. B) Two strong-ties
are secured adjacent to each other to help retrieve 5 Y2 in. X 5 %2 in. cryoboxes. For smaller cryoboxes such as 2 in. X 2 in. , a single strong-tie
can be fastened directly to the slotted plate without a T-strap.
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Figure 4. Slotted flat plate is used as the handle. Length of the slotted plate depends on the depth of the Dewar. In this case, 4 feet of slotted
plate was used. The thickness of slotted plate is critical since thin slotted plates (<14 gauges) make the device flimsy while retrieving samples
from liquid nitrogen filled Dewar.

Figure 5. The flat base consisting of strong-ties and T strap is then secured at one end of the slotted plate. The larger hole on the remaining
corner of T strap is aligned with the slot on the flat plate and fastened using hex bolt and nut. This device can be now used to retrieve cryoboxes
from Dewar.
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Figure 6. One end of the slotted flat plate is bent using pliers and covered with foam to provide better grip especially for deep Dewars, as shown
in this case.
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Figure 7. Strainer with wire mesh and stainless steel handle is used to retrieve cryovials from Dewar. If the handle is not provided with a slot,
drill with carbide bit will be required for drilling a hole.
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Figure 8. To ease retrieval of cryovials, strainer is bent along the neck using pliers to get ladle shaped strainer. If strainer is provided with lip as
in this case, pliers can be used to bend it. This ensures strainer does not get caught within the Dewar.
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Figure 10. Sample integrity of total RNA subjected to different sample handling conditions. To explore how RNA quality is affected by
sample handling conditions, a set of RNA samples from the same source was subjected to two methods of handlings. Method A consisted of
storage of RNA in Dewar subjected to sample retrievals using DIY device, thus no partial defreezing. Method B consisted of storage of RNA in
Dewar subjected to repeated partial defreezing by short-term retrievals from the Dewar, thus modeling long term storage with periodic decanting
for retrieving fallen samples. Total RNA integrity was then analyzed by gel electrophoresis. Lane1: Sample before storage in Dewar; Lane 2:
Sample from Dewar subjected to retrieval by Method A; Lane 3, 4: Sample from Dewar subjected to retrieval by Method B; M: 100 bp ladder.
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One of the most common methods of retrieving cryoboxes and cryovials from the bottom of the Dewar tank is to decant liquid nitrogen into a
spare container and pull out the samples remaining in the flask or floating in the decanted liquid nitrozgen. This is, however, an unsafe practice
that may cause cryogenic burns or asphyxiation due to prolonged exposure to liquid nitrogen vapors®. Other common way of retrieval of fallen
cryovials involves use of cryovial tongs3. However, the limited visibility within the dark space of the tank filled with liquid nitrogen restricts their
maneuverability.

The Cryotolerant DIY retrieval device described above provides a cheaper, safer and easier alternative for retrieving fallen cryoboxes and
cryovials from the bottom of deep flasks with limited visibility. The ease of handling the DIY retrieval device circumvents the need to empty the
flasks prior to retrieval. Moreover, the retrieval of cryovial with the help of said device can be carried out by a single individual. Additionally,
the use of the DIY retrieval device substantially shortens the amount of time other samples stored in the same unit spend under ambient
temperatures, thereby improving sample storage conditions®”.

Many commonly used materials such as plastic, carbon steel and rubber become brittle in liquid nitrogen, and often fracture under stress®®10.

The stainless steel or galvanized components used in the DIY device are resistant to damage from sub-freezing temperatures of cryogenic fluids.
Furthermore, these components are easily available in local hardware stores and of low cost with the construction of DIY device amounting to
less than $50.00. The long handle helps prevent operator from direct contact with the cryogenic fluids and the perforated base and strainer allow
instant draining of liquid nitrogen during sample recovery. The rapid retrieval allows minimum exposure to liquid nitrogen vapors making sample
retrieval a safer process. Due to its modular design, the DIY retrieval device has the flexibility to be used for either boxes or vials. Further,

the simplicity of the design allows the device to be adapted for Dewars of varying shapes and sizes and possibly to work with other types of
cryogenic fluids. The use of this device may, however, be limited in the case of cryogenic tanks that do not have a flat bottom.
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