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Ice crystallization causes cellular and material damage in subzero environments, presenting challenges in
medicine, food preservation, and cryopreservation. Antifreeze proteins (AFPs) are specialized polypeptides
produced by cold-adapted organisms that inhibit ice growth by binding specific ice planes and inducing thermal
hysteresis without altering melting points. This project aims to purify and characterize AFPs from Lycodichthys
dearborni, recombinantly expressed in Escherichia coli. We will express and purify the AFP proteins using im-
mobilized metal ion affinity chromatography. We plan to evaluate the function of these AFP proteins in cry-
opreservation, food preservation, and anti-icing applications. We have developed preliminary assays including
freeze-thaw survival testing in E. coli and injections in Eisenia fetida to assess tolerance for future cryopreser-
vation studies. We performed initial thermal hysteresis assays with glycerol as a cryoprotectant, which demon-
strated reduced freezing rates. Our next steps will involve evaluating purified AFP proteins with our various
frameworks targeted to control ice formation in biological and industrial systems.
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NTIFREEZE proteins (AFPs) are a subset of ice-
binding proteins found in a wide range of or-
ganisms. Through specific interactions with ice crys-
tals, AFPs depress the freezing point of aqueous
solutions without substantially altering the melting
point, thereby inhibiting ice crystal growth and reduc-
ing freeze-related cellular damage (DeVries & Cheng,
2005). Due to this phenotype, AFPs are of interest
not only for understanding how organisms survive un-
der extreme conditions, but also for their potential ap-
plications in cryopreservation and freeze prevention
(Gharib et al., 2022).

Ice crystallization is a major challenge in both bio-
logical and practical settings, as the formation of ice
crystals can rupture cell membranes, disrupt tissues,
and reduce survival during freezing and thawing (Kiani

& Sun, 2011). In non-biological systems, ice crystal-
lization can also contribute to frost buildup and struc-
tural damage (Gharib et al,, 2022). To address these
issues, researchers have investigated a variety of cry-
oprotective agents, including glycerol and ice-binding
proteins (Murray & Gibson, 2022). In this study, we
focus on a type III antifreeze protein derived from the
Antarctic eelpout L. dearborni (Yu et al., 2005). The
overall goal is to isolate the AFP, evaluate its activity,
and assess its potential protective effects under freez-
ing conditions.

Purification is a critical step before AFP activity as-
says because the protein of interest must be obtained
with sufficient purity, yield, and activity for functional
testing (Kuiper et al, 2003). AFPs have been iso-
lated from a variety of cold-adapted organisms, includ-
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ing fish such as eelpout and flounder, which makes
them useful candidates for investigating freeze toler-
ance and cryoprotection (Salvay et al., 2010; Gourlie et
al., 1984). In this study, we performed a purification
process to isolate the AFP and then subjected the puri-
fied protein to multiple functional tests.

One of the first assays used to assess AFP function
was an ice crystallization assay. In this assay, a drop
of water, glycerol solution, or AFP-containing sample
was placed on a slide and cooled on a dry ice stage un-
der a dissecting microscope (Ampaw et al., 2021). Ice
crystal formation, morphology, and growth rate were
observed and recorded. Pure water provides a clear
and controlled model system, so it allows direct com-
parison of crystal formation between treatments with-
out interference from other variables. In our study, the
AFP-treated samples showed a significant reduction in
ice formation compared to the water control, demon-
strating functional antifreeze activity.

Another measure of AFP function is thermal hystere-
sis (TH), defined as the difference between the melt-
ing point and crystallization temperature of a sample
(Lopez Ortiz et al.,, 2021) AFPs bind to specific sur-
faces of ice crystals through their ice-binding regions,
inhibiting further growth and creating a gap between
the freezing and melting points. A larger TH value in-
dicates stronger antifreeze activity (Vollmer & Baum-
chen, 2012). This property makes TH a useful way to
quantify AFP function and compare the activity of dif-
ferent preparations.

In addition to structural and physical assays, AFPs
can also be evaluated for their protective effects in bio-
logical systems. Cell viability assays assess the propor-
tion of live, metabolically active cells after exposure to
freezing and thawing conditions with or without AFPs
present. In the context of AFP testing, this type of as-
say provides a direct measure of how effectively AFPs
reduce cryogenic damage and improve survival.

The potential for biological application of AFPs can
also be explored in whole-organism models. Earth-
worms, such as E. fetida (the red wiggler earthworm),
are ectothermic organisms and therefore especially
vulnerable to cold conditions (Holmstrup & Zachari-
assen, 1996). When exposed to low temperatures, ice
formation can damage cells by rupturing membranes
and ultimately reduce organismal survival. Because
of their simple physiology and well-characterized re-
sponses to environmental stress, red wigglers provide
a useful model for evaluating the protective effects of
AFPs in vivo (Greiner et al,, 2011). In this study, AFPs
dissolved in solution were injected into the coelom of
the worms, allowing the proteins to diffuse through in-
ternal tissues before the organisms were exposed to
low-temperature conditions that would normally be
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lethal to untreated individuals.

Overall, this study aims to investigate the antifreeze
properties of a purified type III AFP from L. dearborni
using a combination of ice crystallization, thermal hys-
teresis, cell viability, and whole-organism testing. To-
gether, these experiments are designed to assess both
the functional activity of the protein and its potential
application in cryoprotection and food preservation.

Materials and methods

Transformation and expression testing

AFP-expression plasmid purchased from Genomics
- labeled Eel which was named for the anti-freeze
genes taken from L. dearborni - were first transformed
into E. coli DH5alpha (Geneaid) cells for amplifica-
tion. Following confirmation of plasmid integrity, the
plasmid was subsequently transformed into E. coli
BL21(DE3) cells (Geneaid) for expression purposes.
Protein expression was assessed using isopropyl (3-D-
1-thiogalactopyranoside (IPTG) induction as well with
a control of non-IPTG, where overnight cultures of E.
coli BL21 containing the AFP plasmid were diluted
into fresh lysogeny broth (LB) medium and incubated
overnight. Afterward, the bacteria cultures were di-
luted in a 1 to 10 ratio and allowed to grow for 4-5
hours to maintain cells in the log phase. After doing
so, the bacteria culture was induced by IPTG (Sigma
Aldrich) at a concentration of 0.5 mM and allowed to
grow for another 4-5 hours before it was finally har-
vested.

For the preparation of nickel-nitrilotriacetic acid
(Ni-NTA) sepharose beads, binding buffer and elution
buffer were used. The binding buffer was prepared by
adding 10 mM sodium phosphate NaH, P04, monoba-
sic (Choneye Pure Chemicals) buffer, of 50 mM sodium
chloride NaCl (Choneye Pure Chemicals), and 0.68 g
imidazole (Sigma Aldrich) with H, 0 until the total vol-
ume was 500 mL. The pH of the solution was also ad-
justed to 7.4 with HCl and NaOH. The elution buffer was
prepared by adding 10 mM sodium phosphate buffer,
50 M sodium chloride (NaCl), and 17.02 g imidazole to
H,0 until 500 mL. The pH was then adjusted to 7.4 with
NaOH and HCL

To prepare 1 mL 50% slurry, 625 pL of the fully re-
suspended sepharose beads was mixed with 375 uL
of dH20 in a micro centrifuge tube. The bead solu-
tion was then centrifuged at 6000 RPM for 30 sec-
onds. After centrifugation, the ethanol supernatant
was removed. The remaining 500 pL of beads were re-
suspended in 1000 pL dH20. Then the bead solution
was gently shook for a minute and resedimented by
centrifugation at 6000 RPM. The supernatant was re-
moved. The beads were resuspended in a 500 pL bind-
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ing buffer to wash the beads, gently shook for a minute,
and the supernatant was removed. Washing was re-
peated several times. The beads were resuspended in
a 500 pL binding buffer to make the final 50% slurry.

To purify AFPs, E. coli BL21 cells were transformed
with the AFP-expression plasmid. Overnight cultures
were diluted with a ratio of 1:10 and grown at 37°C
shaking for 3 hours and induced with 0.5 mM IPTG and
grown for an additional 3 hours. Cells were harvested
through centrifugation at 12000 RPM, and lysed by
sonication in a lysis buffer (20 mM sodium phosphate,
500 mM sodium chloride, 10 mM imidazole). Crude
lysate was clarified by centrifugation at 4°C at 15000
RPM for 10 minutes. Cleared lysate was added to a col-
umn containing a 50% slurry of Ni-NTA resin. After
binding, the slurry was washed two times with a wash
buffer (20 mM sodium phosphate, 500 mM sodium
chloride, 20 mM imidazole). Lastly, His-Tagged-AFP
were eluted with an elution buffer (20 mM sodium
phosphate, 500 mM sodium chloride, 500 mM imida-
zole).

Ice crystallization assays

Visualization of ice crystallization was conducted us-
ing a dissecting microscope equipped with bottom il-
lumination to enhance visibility of crystal formation
(Sazaki et al., 2010). Solutions were prepared in 10 pL
volumes on micro cover glasses and sealed with a cover
slip. Four types of solutions were tested separately:
distilled water, glycerol solutions, antifreeze proteins
(AFP), and elution buffer.

Distilled water was first tested as a control. This
was followed by glycerol solutions prepared by dilut-
ing glycerol with distilled water to concentrations of
10%, 5%, 2.5%, and 1.25%. For each trial, 1 pL of food
coloring was added to the solutions and mixed directly
on the cover glass to enhance visual contrast between
ice formation and liquid solution.

For polarized light imaging, a polarizing filter was
taped to the camera lens, and an additional polarizing
lens was attached to the microscope eyepiece.

To induce freezing and initiate crystallization, a cube
of dry ice was placed on the microscope stage plate be-
low a transparent plastic container, and the prepared
cover glass, positioned on top of the plastic container,
directly on top of the dry ice.

The camera was aligned with the eyepiece, and the
crystallization process was recorded in video format at
30 frames per second.

Thermal hysteresis assays

A temperature-controlled freezing and melting experi-
ment was conducted to measure thermal hysteresis in
distilled water and glycerol solutions. Two water baths

were prepared. Beaker 1 contained a mixture of ice,
distilled water, and salt to create a subzero environ-
ment, while Beaker 2 contained only ice and distilled
water to maintain a temperature near 0°C.

Samples were prepared by adding 15 mL of either
distilled water, 5% glycerol, or 10% glycerol into sepa-
rate test tubes. A Vernier thermocouple probe was in-
serted into each sample, ensuring that the probe tip
was fully submerged without contacting the sides of
the test tube.

Each test tube was first placed in the ice-salt bath to
induce cooling and freezing. Temperature data were
recorded at 0.5-second intervals. After approximately
245.5 seconds, the test tube was removed from the ice-
salt bath and transferred to the ice-water bath to allow
controlled warming.

Data collection continued until 380 seconds. The
recorded temperature versus time data were plotted
to determine the freezing and melting points, and to
calculate the thermal hysteresis gap for each solution.

Viability assays

A 3 mL overnight culture was prepared in 3 mL LB
broth with 100 pg/mL ampicillin. A pipette tip was
then used to collect cells from another colony to grow
in a test tube. The tube would then be placed into a
shaking incubator at 37°C and 195 RPM overnight. In
order to establish a standard baseline for the experi-
ment to test cell viability, the optical density (0D600)
of E. coli bacterial stock solution was measured. How-
ever, because the initial concentration of the stock so-
lution exceeded the spectrometer’s accurate detection
limit, it was first diluted to a 1:10 ratio with 300 uL
of the stock overnight culture solution and 2700 pL of
distilled water in a cuvette. The resulting absorbance
level was then recorded and used to calculate the con-
centration of the original stock solution. The stock so-
lution was then diluted to a final concentration of OD
of 1.0 in a 1 mL solution using the C1V1 = C2V2 dilu-
tion equation. This step ensured that the subsequent
experimental trials all had the same uniform starting
concentration.

From this standardized OD of 1.0 solution, a system-
atic 1:10 serial dilution was done. This was achieved
by adding 100 pL of the 1.0 OD bacterial solution to
the 900 L of distilled water. Across 6 subsequent se-
rial dilutions, concentrations ranging from 10-1 to 10-
6 were produced. In between each dilution, the new
concentration would be vortexed to ensure that the
suspension would be homogeneous, with the bacteria
evenly distributed, before being transferred to the next
tube. The 5th and 6th dilutions were then split into
three groups: control, freeze, and glycerol. To establish
the cryoprotectant condition, the bacterial suspension
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was combined with a 300 pL 50% glycerol stock with
300 pL of the two concentrations, resulting in a final
glycerol concentration of 25%. Additionally, the con-
trol and freeze groups were once again diluted with
300 pL of bacteria and 300 pL of distilled water. The
freeze group and glycerol groups were then frozen in a
-80°C freezer for 48 hours, and the control group was
plated on ampicillin-laced plates with 100 pL of bac-
terial solution. Finally, after 48 hours, the other two
groups would be thawed and plated.

E. fetida assays

Specimens of E. fetida were used in all experiments.
Materials included a 7% (v/v) ethanol solution, 5%
(w/v) sodium chloride solution, tweezers, syringes,
Petri dishes, beakers, distilled water, small plastic con-
tainers, shredded cardboard, rubber bands, plastic
wrap (Saran wrap), and a laboratory freezer main-
tained at -22°C.

Injection Procedure:

Worms were first anesthetized by submersion in a
7% ethanol solution for a minimum of 10 minutes. Fol-
lowing anesthesia, each worm was rinsed thoroughly
with distilled water to remove residual ethanol. The
worm was then placed in a Petri dish and gently se-
cured near the posterior region using tweezers. Us-
ing a sterile syringe, approximately 0.1-0.3 mL of the
designated solution (depending on worm size) was in-
jected into the coelomic cavity via the posterior region
near the base of the tail.

Freezing Exposure and Recovery Assessment:

Following injection, the worms were placed in the
containers and then placed in a freezer set to —22°C for
16 min. After cold exposure, containers were removed
from the freezer, and damp, shredded cardboard was
added to the containers to provide moisture and a sub-
strate. Containers were sealed with plastic wrap and
secured using rubber bands. Small onholes were cre-
ated in the plastic wrap to allow for ventilation, and it
was kept at room temperature overnight.

Viability Assessment:

Worm survival was assessed the following day. Each
specimen was tested for responsiveness to physical
stimuli (e.g., gentle prodding with tweezers). Worms
exhibiting movement or reflexive responses were clas-
sified as alive, while those showing no response were
considered non-viable.

Results

Protein purification

Whole cell lysates from IPTG-induced cultures were
transformed with the AFP eel plasmid and were ana-
lyzed on a sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis (SDS-PAGE) gel to test if the protein
was successfully induced and expressed. We express
the protein by transforming the AFP plasmid into E. coli
BL21 (DE3) cells, followed by IPTG induction. The SDS-
PAGE analysis of the induced sample revealed a band
consistent with the expected molecular weight of the
EelL AFP in the elution column at 7.86 kDa, indicating
successful protein expression. We used the Sonicator
Microtip Probe to lyse the cells. His-tagged AFP was
captured using Ni-NTA resin and eluted with the elu-
tion buffer. Eluted samples were run on a 5-15% gra-
dient SDS-PAGE gel. The eluted sample was visualized
with Coomassie blue and matched the expected size of
7.86 kDa (Figure 1).

Ice Crystallization Microscopy

To determine whether our purified AFPs were func-
tional, we visualized ice crystal formation using a mi-
croscope and a cold stage. In Figure 2A, when no AFP
was added, the ice crystals formed elongated, feathery
dendritic structures. In Figure 2B, the 10% glycerol
solution produced larger, more compact, and blunt
spike-like ice crystals with reduced branching. In con-
trast, the buffered solution in Figure 2C crystallized in
broader, planar structures with flat, streak-like mor-
phology. In Figure 2D, the AFP solution with buffer
displayed highly uniform crystallization, characterized
by fine, densely packed, and predominantly thin, lin-
ear ice structures, indicating a more controlled crys-
tal growth pattern, suggesting that our purified AFPs
were functional. However, more tests are required to
confirm.

Thermal Hysteresis

To further confirm whether our purified AFPs are
functional, we developed a preliminary thermal hys-
teresis assay to verify that there is a significant gap be-
tween the melting point and freezing point of water.
Red line: 4.77°C. Yellow line: 2.70°C.

To determine whether our purified AFPs could act
as a functional cryoprotectant in living cells, we de-
veloped a cell viability assay using E. coli cells. As a
proof of concept, we first used glycerol treatment, an
unknown cryoprotectant, to test whether E. coli cells
were still viable after freeze-thaw cycle. Cells treated
with 25% glycerol had a 73% survival rate compared
to cells that were not treated with glycerol which had
a survival rate of 58% (Figure 4). shown in Figure 4,
the positive control had the most cell growth, while
the negative control reflected the least amount of cell
growth. Lastly, the group with treatment indicated an
increase in cell growth when compared to the negative
control, but had less growth than the positive control.

In order to test the effects of AFPs and cryoprotec-
tants in the cryopreservation of multicellular organ-
isms, earthworms were exposed to varying freezing
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Figure 1. Purification of Eel antifreeze protein (AFP) by nickel affinity purification. Fractions from each purifica-
tion step were resolved by SDS-PAGE and visualized by Coomassie staining. Lane labels: Ladder, molecular weight
marker; L, lysate (total cell lysate prior to purification); B, pellet (insoluble fraction following centrifugation); FT,
flow-through (unbound protein that did not interact with the HIC resin); W1, wash 1 (first wash to remove weakly
bound contaminants); W2, wash 2 (second wash); E1, elution 1 (first elution fraction); E2, elution 2; E3, elution
3; E4, elution 4. A band consistent with the expected molecular weight of Eel AFP (7.86 kDa) is observed in the E1
fraction, indicating successful enrichment of the target protein. The absence of visible protein in elution fractions

E2-E4 suggests AFP eluted primarily in E1.

temperatures and durations, followed by injections of
glycerol and saline solutions.

Worms exposed to room temperature, 4°C, 0°C, and
-20°C for 10 minutes showed 100% survival, while
worms exposed to -80°C for 10 minutes showed 0%
survival (Figure 5).

To further determine the freezing threshold at-20°C,
worms were frozen for increasing lengths of time.
Worms frozen for 10 minutes showed 100% survival.
Worms frozen for 14 minutes showed 0% survival,
while worms frozen for 15 and 16 minutes showed ap-
proximately 33% survival. At 20 minutes, none of the
worms survived (Figure 6).

Since purified AFPs will be used to inject earth-
worms, we determined the amount of time required
to anesthetize earthworms with 10% ethanol so that
they could be injected with cryoprotectants. Worms
exposed to 10% ethanol for 10 minutes showed high

survival, while longer exposure times reduced survival.
Worms exposed for 20 minutes resulted in only par-
tial survival, and prolonged exposure caused complete
mortality (Figure 7).

Following the identification of lethal freezing condi-
tions and anesthetization times, we injected and anes-
thetized worms with glycerol solutions and froze them
at -22°C for 14-16 minutes and compared them with
ones injected with salt (control) The salt room tem-
perature control group showed 100% survival, while
the frozen salt group showed 0% survival. All glyc-
erol treated earthworms exposed to freezing condi-
tions were non viable regardless of freezing duration
(Figure 8).

Discussions

The fundamental aim of our project is to utilize an-
tifreeze proteins (AFPs) for present-day applications.
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Figure 2. Different shapes of ice crystallization based on
the substances. (A. water freezing with food coloring, B.
10% Glycerol, C. Elution buffer only, D. AFP with elution

buffer)

Their primary function is to prevent the growth and
crystallization of ice crystals, protecting cells and tis-
sues from freeze-induced damage (Wu et al, 2021;
Kim et al., 2017). Successful purification of eel-derived
AFPs is crucial to providing the foundation to evaluate
their practical applications and biological effectiveness
(Kim etal,, 2017).

By reducing ice crystal formation, AFPs protect liv-
ing cells from membrane rupture and intracellular
damage during freezing and thawing, making them
highly valued for cryopreservation applications in
medical, agricultural, and reproductive biology (Wu et
al,, 2021). Building on this, our viability tests provide
initial evidence supporting this advantage. Based on
the average percentage of cell survival, our results are
consistent with our hypothesis for the 10-5 dilution,
which claims that our treatment group would have
higher cell viability compared to our negative control.
However, even though Figure 4 illustrates a higher per-
centage of cell survival in our treatment group com-
pared to the negative control, this difference is not sta-
tistically significant. As seen from the slight overlap in
error bars, this gap could be due to biological variation
in viability or growth state across the culture (Figure
4). This inconsistency was slightly improved by stan-
dardizing cell concentrations to an optical density of
1 at the beginning of each trial (21 replications), en-
suring less variation in resulting cell viability counts.
Moreover, we utilized glycerol to simulate the addi-
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tion of AFPs, which is known to successfully inhibit
cell death from low temperatures (Figure 4) (Murray
& Gibson 2022; Wu et al,, 2021). For next steps, we
will replace glycerol with actual AFPs to demonstrate
their ability to prevent cell death under freezing tem-
peratures.

In addition to viability testing, we evaluated thermal
hysteresis (TH) to establish a baseline for AFP activity,
further highlighting their potential benefits over sim-
ple cryoprotectants like glycerol. Our results demon-
strate that glycerol solutions exhibit thermal hystere-
sis, while distilled water does not, and that the mag-
nitude of this effect increases with glycerol concentra-
tion. In this experiment, the TH gap becomes appar-
ent at approximately 245.5 s, when the samples were
transferred from the subzero ice-salt bath to the ~0°C
ice-water bath, revealing a separation between freez-
ing and melting temperatures (Figure 3). The freez-
ing temperature was taken as the lowest point reached
before the temperature rapidly increased, indicating
crystallization. The melting temperature was iden-
tified as the first stable plateau during the warming
phase after transfer. Distilled water showed little to
no thermal hysteresis, with freezing and melting tem-
peratures occurring at approximately -0.8°C, close to
0°C but slightly depressed due to experimental con-
ditions such as probe calibration and solution impu-
rities. This is expected, as pure water undergoes a
reversible phase change without mechanisms that in-
hibit ice crystal growth (Kiani & Sun, 2011). Both 5%
and 10% glycerol solutions exhibit thermal hysteresis.
For the 5% glycerol solution, the freezing temperature
is approximately -3.32°C, while the melting tempera-
ture is approximately -0.62°C; the thermal hysteresis
gap was calculated using Equation 1 and was deter-
mined to be approximately 2.70°C.

TH = (—0.62) — (—3.32) = 2.70°C. (1)

For the 10% glycerol solution, the freezing temper-
ature is approximately —4.15°C, and the melting tem-
perature is approximately 0.62°C; the thermal hystere-
sis gap was calculated using Equation 2 and was deter-
mined to be approximately 3.53°C.

H = (-0.62) — (—4.15) = 3.53°C. (2)

This behavior can be explained by colligative prop-
erties and molecular interactions, where glycerol low-
ers the freezing point by disrupting the ice lattice (Rall
et al,, 1978). However, several sources of experimen-
tal error may have influenced the results, including ini-
tial data fluctuations due to probe equilibration and ki-
netic energy from manual transfers. If AFPs were intro-
duced, a significantly larger TH gap would be expected,
as AFPs bind directly to ice crystal surfaces and inhibit
further growth, leading to greater separation between
freezing and melting temperatures.
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Figure 3. Mean cooling curves of distilled water (blue), 5% glycerol (yellow), and 10% glycerol (red). Temperature
was recorded over 380 s at 0.5 s intervals; data are shown to 300 s for clarity. At approximately 245.5 s, samples
were removed from the ice-salt bath and transferred to an ice-water bath.
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Figure 4. Percentage of cell viability by treatment. E.
coli treated with 25% glycerol had 73% viability after
freeze-thaw, whereas the cells that were not treated with
glycerol (negative control) had a 58% viability. (n=21
for each treatment)

To directly evaluate AFP function at a molecular level
and confirm successful purification, we also performed
ice recrystallization inhibition assays through visual-
ization and characterization of ice crystals (Graham et
al,, 2018). The reason we think AFP was successfully

purified is because of the uniform and flat ice expan-
sion direction observed (Ye et al., 2020). Compared to
water and 10% glycerol, which had thick spikes and
lines that can easily penetrate and damage cells, Fig-
ure 2A shows that AFP does not have strong spikes nor
dendritic lines, exhibiting the characteristic flat and
uniform crystals of AFPs. AFPs bind to ice crystals and
inhibit their expansion, making them less threatening;
thus, Figure 1 supports that AFPs exist in the buffered
solution (Ampaw et al,, 2021). In addition, Figure 2C
(only buffer) shows randomly expanding jagged lines,
suggesting that buffer solution is significantly different
from how AFP crystallizes (Figure 2D). Several chal-
lenges explain why the visualization was not fully suc-
cessful, including unknown AFP concentration, use of
food coloring, lack of a standardized scale bar, and dif-
ferences in solvent. Since the AFP concentration was
not standardized, it may have been too low to pro-
duce a strong crystallization pattern, and food color-
ing could have diluted the solution further. Inconsis-
tency in dissecting microscope magnification also hin-
dered comparisons; for instance, Figures 2A-2C had
similar magnification for direct comparison, but Figure
2D (AFP) was at lower magnification. Moreover, the

223



BioTreks

100%

75%

50%

Survival Rate (%)

25%

0%

room temperature -4 0 -20 -80

Temperature (°C)

Figure 5. Survival of earthworms following 10 minute exposure periods to different temperatures
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Figure 6. Effect of freezing duration at -20°C on earthworm survival
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Figure 7. Effect of ethanol concentration and exposure time for earthworm survival
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Figure 8. Effect of different conditions of glycerol and salts on earthworm survival
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AFP sample was dissolved in buffered solution rather
than pure water, so low AFP concentration allowed
buffer effects to dominate, making it somewhat similar
to buffer-only while differing from glycerol. The lack
of replicate trials compounded this. In the future, we
will utilize polarizing lenses to eliminate food coloring,
standardize concentrations and imaging, and conduct
multiple trials for robust visualization.

To extend findings beyond the molecular level, we
conducted earthworm experiments assessing AFP ef-
fectiveness in improving survival under freezing con-
ditions. The primary finding is that earthworms ex-
hibit extreme sensitivity to sub-zero temperatures; ex-
posure to -22°C for 16 minutes resulted in 100% death
rate across initial trials, likely due to ice crystal for-
mation disrupting cellular membranes. Glycerol trials
(5%, 7.5%, 10%) failed to provide protection at 14-
16 minute marks, suggesting insufficient concentra-
tion or poor systemic distribution via injection. Con-
trol groups support this: worms injected with 5% salt
solution at room temperature all survived, confirming
the injection and salt were not harmful, while frozen
salt-injected worms died primarily from freezing. Sim-
ilarly, AFP-injected but unfrozen worms survived, indi-
cating AFP is not toxic under normal conditions (Tran-
Guzman et al,, 2022).

Overall, these results underscore the benefits of eel-
derived AFPs in cryopreservation such as superior ice
crystal inhibition and potential cell protection (Wang,
2000; Kim et al,, 2017), while revealing challenges like
purification variability, assay standardization, and or-
ganismal sensitivity (Shan et al., 2023).

Next steps

For visualizing the ice crystals, there are various meth-
ods to improve the results. Rather than using food col-
oring, using polarizing lights will minimize the dilution
caused by the food coloring.

Using a dialysis bag could be a potential way to trans-
fer the AFP in water so the solvent stays consistent
throughout the experiment. In addition, freeze-drying
the AFP solution to obtain the solid protein and con-
centrating it with desired concentration is another al-
ternative way to maximize the concentration of the
AFP when freezing the crystals.

Moreover, future improvements include AFP viabil-
ity tests on earthworms (exposing them to AFP solu-
tion under controlled mild freezing, then comparing
survival rates, tissue damage, and movement recovery
to controls), replacing glycerol with purified AFPs in
cell assays, optimizing transformation for other AFP
types, standardizing ice crystal imaging with polariz-
ing lenses and replicates, and quantifying AFP concen-
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trations for precise TH and recrystallization assays.

We will also be doing a circular dichroism spec-
troscopy and specialized ice-shuttling assays to ana-
lyze the secondary structure of the protein, evaluate
whether it maintains proper folding under different
conditions, and assess its ability to interact with and
bind specific ice planes (Kun & Mastai, 2007).
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