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Abstract

Resurrection fern has a unique ability to maintain cell wall integrity when the
plant cell is desiccated. It uses proteins such as late embryogenesis proteins
and heat shock proteins to maintain their cellular functions. The purpose of
this experiment is to determine the effects of environmental stressors on the
physiological response of the resurrection fern (Pleopeltis polypodioides).
The physiological response of resurrection fern plants was subjected to vari-
ous temperatures (-50°C, 0°C, 25°C, and 50°C) for 7 days. Results indicated
that there was a significant difference between hydrated and desiccated ferns
based on the temperature. Additionally, electrolyte leakage measurements con-
firmed cell damage following exposure to temperature extremes of —50°C and
50°C.
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1. Introduction

This experiment will help better the understanding of environmental stressors,
how plants are affected by external factors, and adapted mechanisms in plants.
For example, a plant’s adaptive mechanisms can help explain why and how crops
thrive in extreme climates. If these mechanisms are understood, scientists could
transpose those genes capable of surviving desiccation into food crops where
drought will not negatively impact their growth. This information could also
help with problems associated with climate change. Carbon dioxide, the gas that

causes the greenhouse effect, is starting to spike, causing global warming and
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climate change [1]. As the climate warms, plants will need to be more tolerant of
these changes so that they can continue to be sources of food for life. If these
plants become more tolerant to environmental stressors, this will allow for the
opportunity to grow food-producing crops in otherwise barren areas. The ability
to engineer more tolerant plants would also be a breakthrough in space travel
and the colonization of planets because they could theoretically survive in the
harshest conditions, such as a limited water supply or extreme temperatures [2].
This experiment aims to determine the effects of environmental stressors, spe-
cifically heat stress on the physiological response of the resurrection fern (Pleo-
peltis polypodioides). The heat stressors affected the physiological response of
the resurrection fern.

The resurrection fern is a neotropical epiphytic fern, meaning that it is native
to central and South America. The fern’s resilience gives it an extensive geo-
graphic range [3]. The resurrection fern is commonly found on oaks, magnolias,
and elm trees. It needs a minimal amount of water, sunlight, and soil and does
not use anything from its host [4]. This plant is considered highly unusual be-
cause of its ability to lose 97% of its water, while most plants die after losing only
15% of their water content. When dehydrated, the fern curls into a cylindrical
shell [5]. The dehydrated fern exposes the scaly dorsal surface on the underside
of the frond to protect the photosynthetic organelles of the frond from the sun.
The fern’s vacuole solidifies during the desiccation process. The fern only un-
furls when water returns. Scientists agree that the resurrection fern could live in
this dehydrated state for at least 100 years. This desiccated state is similar to a
dormant state like hibernation where the fern unfurls by quickly forcing the new
water directly onto the fronds [3].

Ferns are gymnosperms, non-flowering plants that reproduce using spores.
They are usually made of one or more fronds attached with a stalk to a rhizome,
a specialized root-like stem. Fronds are composed of smaller leaves attached to
the stalk in the shape of a sword or blade. The fronds are made of four parts: the
apex, or the tip of the frond, the midrib or the stem in the center, the pinna or
the single leaflets connected to the midrib, and sometimes pinnules or the little
segments that make up the pinna [6]. The resurrection fern is part of a loose
group called fern-allies. This group is distinct in how their spores are made at
the base of their leaves or use special branches to hold them [7].

This species is one of the few of its kind that survived the Carboniferous era.
There are many possible reasons why the resurrection fern survived. Either the
fern adapted to live on top of living trees to receive more sunlight, or these ferns
can survive for long periods without water. It has even been theorized that the
resurrection fern can stay in this dormant state for at least 100 years [4].

On average, plants’ water, sunlight, and minerals are the most crucial parts of
a plant’s ability to perform photosynthesis, cellular respiration, and other cellular
functions [8]. Photosynthesis is the process in which a plant makes glucose which

feeds the plant. Through two processes light-dependent and light-independent
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glucose is made taking in carbon dioxide and water [9]. Aerial carbon dioxide
and oxygen are vital to plants. Carbon dioxide is used in photosynthesis and
oxygen in cellular respiration. Terrestrial plants also require nutrients such as
nitrogen, potassium, and phosphorus, which are assimilated from the soil.
However, unlike terrestrial plants, if dehydrated, resurrection ferns go into a
physiological rest period using special proteins called dehydrins to lubricate the
cells and keep them from dying. Another difference is that the resurrection fern
gets most of its nutrients from leaf litter, not soil [8].

The stressors that plants are subjected to during their lifetime generally fall
into two categories, abiotic and biotic. Abiotic factors include radiation, salinity,
extreme temperatures, floods, and droughts. Factors like pathogens, including
fungi, oomycetes, nematodes, and herbivores are biotic stressors. Unlike ani-
mals, which can seek shelter, plants are stationary and are exposed to the ele-
ments. As a result, plants have developed adaptive mechanisms to tolerate ex-
ternal factors. Plants physiologically acclimate to seasonal changes through hor-
mones due to temperature changes or daylength. These mechanisms occur in-
side the cell within the cytoplasm. By using multiple transduction pathways, the
stimuli are received and transferred to the transcriptional machinery in the cell’s
nucleus. This gives way to different transcriptional changes, such as making
proteins and allowing the plant to tolerate the upcoming stressor. An example of
transcriptional changes would be when the resurrection fern makes dehydrins
and heat shock proteins to dehydrate the plant while maintaining cell wall inte-
grity.

Another line of defense in plants is shown in their roots. However, the chances
of the plant surviving this stressor will be a lot higher if the plant is healthy and
the soil is biologically diverse. Many things can happen when stressors begin to
trigger the plant, such as gene expression, cellular metabolism, and changes in
growth rates. In some cases, stressors may have injured the plant so severely that
they exhibit dysfunction with their metabolism, seed formation, flowering, or
death. On the other hand, biotic stress is harder for a plant to detect. This is be-
cause plants lack an adaptive immune system. Despite this, plants have evolved
defensive strategies in their genetic code [10].

A plant's response to stress is accompanied by electrolyte leakage. Electrolyte
leakage is most found when potassium ions leave the plant cells, which are
usually kept in check by the plasma membrane. The majority of the time, this is
found with a reaction resulting in programmed cell death. Oxygen species (ROS)
accompanies this reaction and activates the potassium ions efflux [11].

In a previous experiment, researchers measured the reaction to heat stress in
desiccation-tolerant plants; the main plant was the resurrection fern. After ex-
posing the resurrection ferns to heat stress, they measured their effects using
metabolic indicators. Ferns were exposed to 50°C in their hydrated state and
65°C in their desiccated state. Both hydrated and dehydrated fronds started
showing effects above 40°C, but both hydrated and dehydrated ferns remained
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metabolically active to 50°C. When exposed to 40°C, there was slight discolora-
tion after being rehydrated, but when exposed to >50°C, there was permanent
discoloration after rehydration. They conclude that the dehydrated resurrection
fern was better at protecting the fern from heat stress by recovering up to 55°C,
whereas the hydrated ferns could only tolerate 40°C [12]. This research assisted
the researchers in establishing temperature parameters for this study.

The resurrection fern is tolerant to dramatic environmental changes. These
plants caught NASA’s attention and were taken to the international space station
to be observed. NASA discovered that the resurrection fern can even “resurrect”
in zero gravity. NASA also found that the fern could tolerate zero gravity due to
the adaptation that the plan uses to survive. As it starts to dehydrate, the plant
curls up to protect from the sun, whereas a regular plant’s cells would collapse,
no longer maintain healthy cytoplasm, and lose integrity. Membrane integrity is
essential during desiccation. The degree of injury caused by extreme tempera-
tures can be measured [13]. The fern also produces late embryogenesis abundant
proteins or LEAs, dehydration proteins or DHAs, and heat shock proteins or
HSPs to protect from the sun and maintain cell elasticity. These proteins also
continue photosynthesis and aid in the resurrection of the plant once water re-
turns [14].

Heat shock proteins (HSPs) are one of the main proteins to help the resurrec-
tion fern during dehydration. These proteins can be one of two types of HSPs,
those that use ATP and those that do not. Both protect proteins from denaturing
in the process of protein folding. An interesting fact is that these proteins are al-
so found in humans, especially during the embryonic development of the nerv-
ous system. In addition, heat shock proteins are what help other proteins fold
correctly. These proteins are part of the molecular chaperone system. The cha-
perone system helps the fern’s proteins not denature due to the fern’s changing
shape and environmental condition. These proteins also increase elasticity in cell
structure [15].

Late embryogenesis abundant proteins (LEAs) also help the resurrection fern
during dehydration. They are divided into 8 subgroups LEA1, LEA2, LEA3,
LEA4, LEA5, LEAG6, seed maturation proteins, and dehydrin (DHN). Dehydrins
and LEA2s are the specific ones that work the most in a plant’s reaction and
adaptation to antibiotic stress. These proteins are commonly found in the roots,
stems, and other organs in a plant’s growth phase. LEAs are distributed in orga-
nelles like the mitochondria, chloroplast, or the cytoplasm [16]. After significant
environmental changes, LEA levels go unregulated, leading people to believe that
these proteins are essential to responding to environmental stressors. Dehydrins
and LEA2s are found explicitly throughout the cell during abiotic stressors that
cause dehydration, such as salinity, drought, cold, heat, etc. Because the expres-
sion of many DHNS increases with the phytohormone abscisic acid (ABA), they
are also known as RAB proteins. Like all LEAs, DHNs are found across most

plants. All these intricate responses and adaptations by the resurrection fern
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open up a multitude of possibilities.

2. Materials and Methods

The first study was initiated on April 25, 2020. Four treatments were initiated by
sorting 32 specimens of resurrection ferns into 4 groups of 8. Prior to experi-
mentation, the ferns were conditioned to the imposed treatments (either dried
or hydrated), which were placed into a container with an inch of desiccate to dry
the tissue and the other half were under a damp paper towel which hydrated the
tissue. The ferns were then exposed to —50°C (ultra-low), 0°C (freezer), 25°C
(room temperature), and 50°C (forced air drier) for the duration of a week. Af-
terward, the ferns were reconditioned by wrapping in moist paper towels to
maintain unity for recovery, and water was added and left for another week. Da-
ta was collected using a 1 - 10 scale (1 = dead, 5 = moderate growth recovery,
and 10 = vigorous growth recovery) data were analyzed using an ANOVA at the
0.05 level of significance. The experiment was terminated, and the ferns were
harvested for evaluation.

A second study was started, and specimens were harvested from the same live
oak. The ferns were randomly split into two groups (hydrated or dehydrated).
Of those groups, the ferns were evenly divided into twelve separate smaller
groups. The groups were exposed to the three treatments —50°C (ultra-low),
25°C (room temperature), and 50°C (forced air drier) for 48 hours. 0°C was ex-
cluded due to space constraints. Then 100 ml of distilled water was measured
and poured into an Erlenmeyer flask. The ferns were then cut at the base of the
frond and each group is submerged into the flasks. Then all the filled flasks were
placed in a New Brunswick Scientific shaker and left for 48 hours allowing the
salt from the damaged cells to flow out of the fronds. The ferns electrolyte lea-
kage was then measured by a conductivity meter and analyzed using an ANOVA
at the 0.05 level of significance. The experiment was then terminated.

A third study was started, and new actively growing specimens were harvested
from the same live oak. Three hydrated ferns were measured and then left in the
forced air dryer for 7 days. Afterward, the ferns were measured again, and the

water content was calculated.

3. Results and Discussion

Study 1. There were significant differences when hydrated and dehydrated
ferns were exposed to different temperatures. The dehydrated ferns and hy-
drated ferns were both exposed to —50°C and after seven days of recovery were
rated. The dehydrated ferns were measured at a level of 9 (the ferns were actively
growing and 90% of foliage was green) compared to the hydrated ferns, rating at
level 2 (<20% of the foliage was brown) (Figure 1). Leaf tissue from these treat-
ments were examined at 200x power under a microscope indicating that the hy-
drated tissue recovery showed visible damage from the low temperatures com-
pared to the control (Figure 2). The fronds exposed to 0°C also exhibited a
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Figure 1. Exposure of resurrection fern to extreme temperature exposure after 7 days and subsequent plant recovery.

Figure 2. Two Images of a scope on the rope at 200x. (A) Hydrated resurrection fern ex-
posed to 25°C for 7 days. (B) Hydrated fern after exposed to —50°C for 7 days.
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significant difference between the desiccated ferns which were at a rating of 9
and the hydrated which were at the level of 2. There were no differences between
the moisture levels for ferns exposed to 25°C both moisture levels were meas-
ured at a healthy level, which is expected since the temperature was in the opti-
mum temperature range. Lastly, there was a difference between moisture levels
exposed to 50°C. The dry specimens were measured at a level of 3 (less than 30%
foliage was brown) and the hydrated was measured at a level of 6 (the ferns were
actively growing and 60% of the foliage was green); however, compared to the
other environments, the dehydrated ferns did not recover as well.

Study 2. There were significant differences in electrolyte leakage between the
hydrated and dehydrated ferns exposed to different temperatures. Also, while
preparing for the experiment all the ferns rehydrated even after the roots had
been cut; thus, the ferns have the ability to survive without roots. The ferns ex-
posed to —50°C had significant differences in moisture levels. The dehydrated
fronds exposed to —50°C leaked an average level of 25.6 uS/cm versus the hy-
drated specimens that leaked an average level of 138.1 uS/cm (Figure 3). The
ferns that were exposed to 25°C had significant differences in their moisture le-
vels. The dehydrated ferns leaked an average of 30.55 uS/cm versus the hydrated
ferns which leaked an average of 2.1 uS/cm (Figure 3). The ferns exposed to
50°C degrees had significant differences between moister levels. The dehydrated
ferns measured at an average of 76.6 uS/cm versus the hydrated ferns which av-
eraged at a level of 98.1 uS/cm (Figure 3). However, there was also a specimen
that leaked significantly more showing that there can be cases where certain spe-

cimens can take more damage.

mWet = Dry

-50 25 50
Temperature (°C)

Figure 3. Electrolyte leakage of resurrection fern exposed to extreme temperatures dry or hy-

drated.
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Study 3. The actively growing resurrection ferns were harvested to determine
the percent of water weight in living tissue. The average water content in resur-
rection ferns (consisting of resurrection fern fronds, rhizomes, and roots) was

determined to be greater than 59%.

4. Conclusion

In conclusion, the resurrection fern is overall more tolerant to different temper-
atures when the tissue is in its desiccated state. The dehydrated ferns exposed to
0°C and —50°C notably were similar to the control group. This study determined
that resurrection ferns were found to be resistant at extreme conditions, espe-
cially in a dehydrated state. The ferns were more tolerant to colder temperatures
than warmer temperatures. This could be due to proteins being denatured and
dehydrated being unable to decrease temperature through transpiration. Lastly,
it was shown that the hydrated fronds were about 2.3 times bigger than the de-

siccated fronds.

Application to Society

Understanding the adaptive mechanisms of resurrection ferns could be instru-
mental in the transformation of domesticated food crops, space exploration, and
stopping world hunger. Identifying and transferring desiccation tolerant genetics
could have beneficial human impacts around the world. If this study becomes a
reality and cell integrity can be transferred to essential crop plants, the result
could lead to plants that are tolerant of drought, temperature extremes, and loss
of resources needed for survival. A possible way is through a transgenic trans-
formation where it is possible to transfer a genome from one plant to another.
This would allow food-producing plants to survive longer without water, making
extended trips for space travel possible. In the foreseeable future transgenic plant
that is tolerant in a lunchbox-like planter where plants could be hydrated or pro-
duced.
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