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Part Il: Pomegranate Dreams & Tardigrade Genes

Gene Editing for Space Migration
Moss Piglet Morphin’ Times
On to the tardigrade, since no article about space or survival is complete without them.

Commonly dubbed ‘water bear’ or ‘moss piglet’, there are over 1400 species with a plethora of habitable zones for
this microinvertebrate, ranging from the vacuum of space, to — 270 C°, to an unusually exhibitionist species found in
the moss of Tsuruoka’s urban parking lots. Indeed, in a set of simulations by Sloan et al. (2017) for global sterilisation
events, based on a set of general characteristics, the extremophiles hypothetically persisted until the end of days for
our host star or obliteration of the third rock from it by a 250 mile wide asteroid. Before anyone gets too excited
about invincibility, a biologist responding to the paper noted that in reality, and in his lab, they are ‘quite easily
murdered’ by the thousands. Their genetic acitivity in cosmic contexts is being investigated using NASA’s Bioculture
System aboard the space station.
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Tardigrade talents, perhaps built upon their intrinsically disordered proteins (IDPs) like Damage Suppressor (Dsup),
may have applications to protect astronauts and others against ionising radiation, reactive oxygen species, cancer,
the effects of microgravity, and confer overall extreme resilience (Kasianchuk et al., 2023). As a therapeutic, it is
believed that Dsup could be used to reduce oxidative stress, performing even better against single strand breaks in
combination with the antioxidant N-acetyl-L-cysteine (NAC) (lbid.). As a pretty substantial downside, Dsup seems to
promote toxicity, DNA damage, and chromatin rearrangement in human neurons (Escarcega et al., 2023).

Found in plants and some micro-organisms, late embryogenesis-abundant proteins (LEA) promote intracellular
membrane tolerance in the face of abiotic stressors and are another kind of tardigrade disordered protein. They are
fundamental for the stress tolerance and survival of characteristically immobile plants during harsh environmental

conditions, specifically cellular water deficits including drought, salinity and freezing, and osmotic change, the latter
of which occurs to some degree in microgravity. Without the presence of LEAs, many plant and tardigrade
communities would no longer exist, with the proteins enabling a a dry hibernation state known as anyhydrobiosis
that protects lipid membranes, enzymes, and DNA during conditions of biologically lethal water loss. LEAs are
currently not a major target of biomedical research. However, their effect on mitochondrial function and liposomes
may hold promise for drug delivery, agriculture, water scarcity, and other aspects of imbued extremotolerance.

So, unless humans are first adaptively mutated or annihilated by cosmic radiation, perhaps some protein innovations
of the tardigrade will be used to break molecular and anatomical glass ceilings for homo sapiens, genetically paving
the way to interplanetary migration. A fitting thematic agglomeration, as genetic enhancement, synthetic gene drives
(Kolbert, 2021), chimeras, and space migration (Cirkovic, 2022) remain highly fraught and bitterly controversial topics
related to the future of our kind.

However... the tardigrades face an unlikely contender as humanity’s route to other realms and immortality in the
form of the deific pomegranate. After all, no Achaemenid Immortal guard had gold and silver water bears on their
spears (Spagnoli, et al., 2021).

Punica Granatum L.: Afterlife, Restoration, Cosmic Scenes

If not gene hacking, protein hacking, or super-dosing spaceflight-tardigrade protein powder (can’t wait to see the
packaging art for that), what about popping polyphenol pills?

This summer, Afghanistan exported its first shipment of pomegranate soft drinks to the United States. Though a far
cry from the economic transition of drug-to-cash-crop envisioned decades ago, it is a start, and there is growing
interest in the fruit as a multi-purpose biomedical crop. According to Damien Stone’s Pomegranate: A Global History
(2017), pomegranate and opium poppy are similarly crowned, associated with fertility, and easily confused in
Mediterranean art prior to 900 B.C.E. (p. 37). The two were again confused in 2017, when USAID posted a picture of
an opium farmer instead of what they believed was a Kandahar Food Zone success story.

Both opium and pomegranate have been widely used and revered in historic medical practice, alluded to in
Herodotus and covered in the Papyrus Ebers (Stone, 2017), though pomegranates are rather less illegal and
dangerous. For Afghanistan, a rise in medical applications of fruit farming could facilitate a market revival to
(eventually) replace banned opium poppy crops, as well as improve commercial viability for cultivation of the
Kandahar variety, considered the best in the world. Beyond beauty or biomedical products and nutraceutical pills,
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pomegranate can even be made into molasses and wine. On account of its anti-inflammatory and divine properties
(and flavour), it used to be a dietary privilege of ancient Egypt’s wealthiest classes (Spagnoli et al., 2021).

Historically, the pomegranate was additionally revered as a fertility, kingly, and chthonic symbol in empires ranging
from ancient Persia to Egypt and Assyria, eventually becoming a representation of Christian sacrifice and restoration
in Catholic Spain. In myths of Egypt and Asia, pomegranate juice was used to trick rampaging, bloodthirsty goddesses
like Sekhmet and Hariti, saving mankind by virtue of deceptive resemblance to human blood (Stone, 2017: 33, 97). It
goes further: In Turkish myth, fifty singing pomegranates bring a beheaded bridegroom back to life:

If ‘the pomegranates will love you, you need fear nothing, for they will protect you in any distress.’
‘Of all trees, this is the most salutiferous to mankind’

(Kunos, then Bartram, cited in Stone, 2017: 24, 83)

Perhaps true, and the holy fruit accords not just spiritual but cellular restoration. We have advanced from using them
to cross realms into the Afterlife. Instead, astronauts and cosmo-critters of the Soviet space programmes were given
pomegranate as a health tonic (lbid., p. 90-91). Currently, pomegranates are being investigated for their role in ocular
immune response and cellular pathways for inflammation. Rich in antioxidants and with pharmacotherapeutic
potential for neural anti-ageing, this may be better than using potentially neurotoxic tardigrade proteins.

The rind and peel are particularly rich in ellagitannins. These in combination with zinc have potent antimicrobial
properties able to combat viral, bacterial, and fungal infections like herpes simplex (HSV), Candida albicans, and
methicillin-resistant Staphylococcus aureus (MRSA) (Celiksoy et al., 2022) Besides antimicrobial use, there are
beneficial effects on several of the cellular pathways involved in oxidative stress and inflammatory cascade —
therefore pain reduction as well. While results are fairly consistent, specific mechanisms still need to be illuminated.

In an in vitro study by Penalver-Mellado et al. (2023), an extract of pomegranate (Pomanox, PMX) was investigated
for anti-inflammatory potential in human corneal epithelium. A major finding was significant inhibition of interleukin-
8 (IL-8) after endotoxin exposure, even compared to corticosteroid dexamethasone. Cell viability in the PMX group
was also highest after exposure to lipopolysaccharides (LPS) from E. coli. The authors caution that study size was
small, but results were promising, and contribute to building up the literature for future clinical use.

Prior, pomegranate juice was found to have potential for combatting oxidative stress in the retinas of diabetic rats,
increasing levels of antioxidant enzyme glutathione peroxidise (GSH-Px) and reducing oxidative end-products in
diabetes mellitus groups (Tugcu et al., 2017). The effect is described as ‘protective’, with lower DNA oxidative damage
and lipid peroxidation demonstrated in immunohistochemistry of retinal tissues.

Notably, each pomegranate species, taste, environmental and nutritional profile is different. In times past, they were
even ‘punicologically engineered’ by Soviet botanist Gregory M. Levin for survival in frostier environments (Stone,
2017: 89), although this did not include preparation for spaceflight and interplanetary cultivars. Most plants don’t
have a very good time off-world, by the way, which is quite relatable for our bones, immune function, and neuro-
ocular tissue. Given the genetic, oxidative, and mechanical stress mechanisms involved in SANS (Ong et al., 2023), the



https://www.frontiersin.org/articles/10.3389/fnagi.2022.955735/full#h22
https://www.frontiersin.org/articles/10.3389/fnagi.2022.955735/full#h22
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USSR was probably on to something when cosmonaut diets specifically featured pomegranate. The anti-microbial
properties of rinds and peels may have further applications in space-crop and crew disease management.

This is not to imply that exocarpic polyphenols will be able to comprehensively protect our brains plus act to
compromise the cytoplasmic membranes of all fungi, facehuggers, and assorted alien pathogens. However, at least
for the foreseeable medical future, an abundance of wild type and genetically diverse pomegranate species may be a
good idea. Perhaps one may yield human invulnerability, as done for Esfandiyar in the Shahnameh. That, holy water,
or dragon’s blood, though the latter is less easily procured for contemporary experimentation. Anyway, the
Esfandiyar formulation specifically excludes comprehensive ocular protection (spolier), and is not to be used in
combination with tamarisk. These trees have similar compounds and medicinal applications to pomegranate unless
applied in the format of an arrow to the face.

Hamlet, Act 2 Scene 2

To meitis a prison . . .
O God, | would be bounded in a nutshell,
and count myself a king of infinite space,

were it not that | have bad dreams. . .

Which dreams indeed are ambition, for the very

substance of the ambitious is merely the shadow of a dream.

Partially cited in in Cirkovic (2022)

Conclusion: Dreams caused by the Flight of a Rocket around a Planet and to a Moon

The pomegranate has been a prominent symbolic device in religious art, depicted by imperial craftsmen (Spagnoli et
al., 2021) as well as famous painters like Botticelli and Salvador Dali. In fact, Dali’s painting, Dream Caused by the
Flight of a Bee Around a Pomegranate a Second Before Awakening (1944), parallels revolutionary moments of the
late 1960s: Our first journeys into space and the sight of our planet from the cosmos: Earthrise (NASA, 1968).

The successful launch of Sputnik in 1957 and the Apollo missions of 1968 and ‘69 transformed human attitudes and
perspectives about ourselves, our planet, and the infinite beyond (Chaikin, 2007). Not only did the ‘Sputnik moment’
galvanise investment in research and technologies, but Apollo-related media depicting our tiny, blue oasis floating in
the gaping maw of space yielded ‘an unprecedented awareness of the singularity and finitude of our terrestrial

home, which in turn helped catalyse the modern environmental movement across the Western world’ (Alberro,
2022).
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=0CDUQw7AJahcKEwiov7iuko6BAxUAAAAAHQAAAAAQAg&url=https%3A%2F%2Fwww.semanticscholar.org%2Fpaper%2FThe-nutshell-kings%253A-Why-is-human-space-settlement-%25C4%2586irkovi%25C4%2587%2F73a08110b327fd315a01f8a1637a235f48da7221&psig=AOvVaw2BjFtqL7KOu3fy4E8Vrd7-&ust=1693813084766701&opi=89978449
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https://www.nasa.gov/image-feature/apollo-8-earthrise
https://history.nasa.gov/sp4801-chapter4.pdf
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Fifty years later, part of the strategy seems to be preserving/abandoning the blue ship by rocketing off to other
(uglier) ones, like Mars, Mercury, the moon, space stations, or even the radiation-soaked moons of Saturn and
Jupiter. Both technological and physiological barriers are being tinkered with, some may be broken, and there’s really
no telling how any of this will eventually be regulated or disrupted by human events or genotoxic effects (See
Grinstein, 2023).

Rather than perceiving everything pessimistically as a 6™ Mass Extinction, we can think of it as being on the edge of
some kind of post-terrestrial CRISPR-Cambrian explosion, complete with spaceship-weaving silkworm—tardigrade
hybrids drifting about in high earth orbit farms (you never know). Furthermore, with the wealth of genotypic and
molecular innovation already existent in our minds, myths, flora, and fauna, maybe Brad-Pitt-Achilles is right:

“Do you know what’s there, waiting beyond that beach? Immortality. Take it! It’s yours!”

(Troy, 2004)

Disclaimer: The material presented is for informational and entertainment purposes only, in summary of recent news
and events. It neither reflects the views nor constitutes professional advice of the organisation. The major sources
used are referenced below.
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