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Welcome to Ad Adstra Per Educare! 

This magazine is written by students at New Haven School in 
Spanish Fork, Utah and is edited and laid out by David V. Black, 
the science teacher at New Haven. It was created to showcase 
student projects starting with the astrobiology class offered 
during the summer term in 2020. Students were asked to write 
a series of essays on astrobiology topics and to receive construc-
tive feedback from other students, then improve the articles until 
they were publishable. Enough excellent articles were written 
WR�ÀOO�IRXU�HGLWLRQV�DQG�ZLOO�LQFOXGH�VWXGHQW�DUW��SRHWU\��DQG�P\�
own editorial comments, along with transcripts of interviews and 
WRXUV�,�KDYH�WDNHQ�ZLWK�DVWURQRPHUV�DQG�DW�1$6$�ÀHOG�FHQWHUV��
This magazine will continue with our physics class this fall with 
DGGLWLRQDO�HGLWLRQV��,Q�WKLV�ÀUVW�HGLWLRQ��ZH�ZLOO�LQWURGXFH�\RX�WR�
WKH�ÀHOG�RI�DVWURELRORJ\��LQFOXGLQJ�ZKDW�LW�VWXGLHV�DQG�KRZ��VRPH�
of the scientists involved in it, and a look at the nature of life and 
how we might look for it on other planets. 

Astrobiology is a unique science because it does not actually 
have a subject yet. No life has yet been found beyond Earth. It 
therefore focuses on how we might discover and identify that 

life, what its char-
acteristics might 
be, and where we 
should look for it. We 
study Earth analogs, 
organisms living in 
extreme environ-
ments similar to what 
might be found on 
other planets (which 
we call extremo-
philes) and how life 
could have originat-
ed and evolved on 
early Earth. As such 
astrobiology is part 
biology, part astrono-
my, part geology, and part educated guesswork. Astrobiologists 
come from many disciplines ranging from astrophysics and radio 
telescopy to microbiology and paleobotany. Just take a look 
at the many research areas listed for the scientists at the SETI 
Institute in Mountain View, CA at:  

https://www.seti.org/our-scientists. 
SETI, or the Search for Extraterrestrial Intelligence, is a 

primary research area in astrobiology. 

I have had the privilege to meet a number of astrobiologists, 
including some who work with the SETI Institute, such as Dana 
Backman and Coral Clark, through my selection as a SOFIA 
Airborne Astronomy Ambassador. In March 2012 I participated 
LQ�D�ÀHOG�UHVHDUFK�VWXG\�RI�ELRORJLFDO�VRLO�FUXVWV��DQ�H[WUHPRSKLOH�
that grows on the soils in the Mojave National Preserve and 
elsewhere in deserts around the world. The crusts in that area 
are black patches that form small groups of mounds; they are a 
small ecosystem consisting of cyanobacteria, fungi, and other 
components living in a symbiotic relationship under extreme 
conditions of dryness and heat. We collected samples from three 
sites along the Kelbaker Road between Baker, CA and Kelso 
Station. One area was along a wash with more frequent water and 
the crusts appeared highly concentrated and healthy. One area 

Sampling soil crusts in the 
Mojave National Preserve
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FORVHU�WR�%DNHU�ZDV�RI�PHGLXP�FRQFHQWUDWLRQ��DQG�WKH�ÀQDO�DUHD�
was near Baker and had the least concentration of crusts. 

We returned the samples for testing at the Desert Studies 
Center on Zzyzx Road neat Baker, and I helped to study the 
mineral content of the soils and identify the geologic formations 
near the sample areas to see if geology and minerals might be 
responsible for the differences. We also put the soils through a 
soil sieve to determine the percentages of clay, sand, and loam 
in the soils. Other people in our group studied ATP content, 

QLWURJHQ�À[DWLRQ��FKORURSK\O�DEXQGDQFH��DQG�RWKHU�PHWDEROLVP�
markers. Catalase and polymerase chain reactions (PCR) were 
GRQH�LQ�UHDO�WLPH�DW�WKH�'HVHUW�6WXGLHV�ODE��WKH�ÀUVW�WLPH�,�KDG�
ever seen this done in person. Samples were also sent to labs to 
determine the types of archaea and cyanobacteria living in the 
crusts through DNA sequencing. I wrote about my experiences 
with this study on my bog site, Spacedoutclassroom.com, 
which can be found here: 
https://spacedoutclassroom.com/2012/03/21/to-the-end-of-the-earth-march-18-2012/.

Some of the scientists on our expedition included Rakesh 
0RJXO�RI�&DO�3RO\�3RPRQD�DQG�ODWHU�ZLWK�1$6$·V�2IÀFH�RI�
Planetary Protection; Parag Vaishampayan of NASA’s Space-
ward Bound program, which trains prospective science teachers 
LQ�ÀHOG�UHVHDUFK�DQG�GDWD�DQDO\VLV�WHFKQLTXHV��&KULV�0F.D\�RI�

NASA Ames Research Center; and Rosalba Bornaccorsi of the 
SETI Institute. A paper describing the results of our study was 
published in Frontiers in Microbiology on 23 October 2017 
titled “Microbial community and biochemical dynamics of 
biological soil crusts across a gradient of surface coverage in the 
central Mojave Desert.” You can read it here: 

https://www.frontiersin.org/articles/10.3389/fmicb.2017.01974/full

I am listed as one of many co-authors, as there were quite a 
large group of us including three practicing classroom teachers 
(including one from Australia) and a number of pre-service 
teachers in the CSU system. My involvement was part of an 
award for winning third place in the Mars Education Challenge 
the year before, sponsored by Explore Mars, Inc., the group 
that organizes the annual Humans to Mars (H2M) conference 
in Washington, DC. Chris McKay is a member of the Board of 
Directors, as is Penny Boston, another noted astrobiologist. 

As Dr. McKay put it during our research expedition, the 
reason we study biological soil crusts (BSCs) and other extrem-
ophiles is that they provide us with clues about the nature of life 
LWVHOI�DQG�KRZ�LW�DGDSWV�XQGHU�GLIÀFXOW�HQYLURQPHQWV��VXFK�DV�WKDW�
IRXQG�RQ�HDUO\�(DUWK��7KH�ÀUVW�OLYLQJ�WKLQJV�RQ�(DUWK�ZHUH�DU-
chaea similar to the organisms living in the BSC community and 
date to about 3.5 billion years ago, when Earth’s atmosphere 
was a thick, hot blanket of carbon dioxide. Atmospheric oxygen 
only occurred on Earth because cyanobacteria started pouring 
IUHH�R[\JHQ�LQWR�WKH�RFHDQV��ZKLFK�DW�ÀUVW�ZDV�FKHPLFDOO\�ERQG-
ed with iron in ocean water but eventually became so prevalent 
that it is now 20% of Earth’s atmosphere. It is an obvious marker 
that life exists on this planet, something that could be seen from 
many light years away and which we are now beginning to look 

Biological soil crusts in the Mojave National Preserve

Dr. Chris McKay in the Mojave National Preserve
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for in the atmospheres of exoplanets with the Kepler and TESS 
missions and soon with the James Webb Space Telescope. 

We also study extremophiles because they act as canaries in 
coal mines; as our climate changes, extremophiles living on the 
edge of existence are the most sensitive to changes. They can 
be an early warning system that our environment is becoming 
unlivable. 

For my astrobiology class this summer, I wanted to involve my 
students in a group project that would stretch their abilities and 
lead to a useful result. We decided to create a school astronomy 
magazine which we would publish quarterly, titled Ad Adstra 
Per Educare (To the Stars through Education). Students in the 
class would write a series of articles, most around 
200 words to act as sidebars but at least one 
article that could be a feature article of at least 
800 words. As we discussed the nature of life, 
its characteristics and the factors necessary for 
LW�WR�GHYHORS�GXULQJ�RXW�ÀUVW�ZHHN��HDFK�VWXGHQW�
picked an extremophile and wrote an article about 
it. They also picked an astrobiologist and wrote a 
short biography. These short articles have been 
FRPELQHG�LQWR�WKH�IHDWXUH�DUWLFOHV�RI�WKLV�ÀUVW�
edition. 

In an effort to teach quality and professional-
ism to my students, I have implemented a form 
of Critique similar to that used at High Tech 
High and developed by Ron Berger and others at 
Expeditionary Learning. Each student was asked 
to Critique the articles of two other students for 
each assignment and make positive suggestions in 
a kind and useful manner. 

The students then incorporated these suggestions as they 
UHYLVHG�WKHLU�DUWLFOHV��DQG�,�DFWHG�DV�HGLWRU�WR�PDNH�ÀQDO�VXJ-
gestions. The best articles, those that have been through three 

GUDIWV��ZLOO�EH�LQFOXGHG�LQ�WKLV�PDJD]LQH��7KLV�ÀUVW�HGLWLRQ�KDV�D�
theme of Life in the Extreme. I am including the transcript of an 
LQWHUYLHZ�,�GLG�ZLWK�&KULV�0F.D\�DW�WKH�0RMDYH�3HUVHUYH�WKLV�ÀUVW�
edition. 

Because of the privacy requirements of my school, only the 
ÀUVW�LQLWLDOV�RI�WKH�DXWKRUV�ZLOO�EH�XVHG��7KH�LPDJHV�LQ�WKH�PDJ-
azine have been partially created by my media design class from 
this summer. Others are my own photographs. Other editions 
will follow, including our second edition on Life in the Solar 
System, focusing on Mars and a landing site selection activity 
my students presented to each other. Our third edition will be 
on the Nearby Stars and a 3D model of the stars out to 15 light 
years away that my students built as a culminating activity. Our 
fourth edition will be on the Search for Extra Terrestrial Intelli-
gence. Other editions will come from future classes; my physics 
class this coming year has been accepted for the ExMASS pro-
gram (Exploring Mars and the Asteroids by Secondary Students) 
through the Lunar and Planetary Science Institute. We will 
UHSRUW�RQ�RXU�UHVHDUFK�DV�WKH�ÀIWK�HGLWLRQ�

We hope you enjoy our magazine. Some of the best articles 
will be posted on my blog site at: http://spacedoutclassroom.com. Giv-
en the great need for online activities that can be done at home 
by students due to school closures from the COVID pandemic, 
the magazine will include lesson plans I have developed for my 
own classes. These include an update on how to use Mars, lunar, 
and USGS 3D terrain data; how to build our 3D star model; and 
other lessons. Please let us know how you have liked our maga-
zine and how you have used it in your research or classes.  

Dr. Rakesh Mogul and students testing soil crusts in the 
laboratory at the Desert Studies Center

A Tralfamadorian as envisioned by Kurt Vonnegut 
in his novel Slaughterhouse Five. We have no idea

what alien life forms may look like, 
perhaps even sentient toilet plungers.

Page 3



Extremophiles: Earth Analogs 
for Alien Life
$VWURELRORJLVWV�KDYH�\HW�WR�ÀQG�FRQFOXVLYH�SURRI�RI�OLIH�RXWVLGH�

Earth, although tantalizing clues of the possibility of life do ex-
ist. Just this week, a research team led by Sara Seager announced 
the discovery of phosphine gas in the clouds of Venus. Phos-
phine is found in Earth’s atmosphere and is mostly of biogenic 
origin, created by certain anaerobic bacteria. The phosphine on 
Venus is of too high a concentration to be easily explained by 
non-biogenic sources such as lightning; life could be a possible 
explanation, but that life would have to survive in an extreme 
environment, since the clouds of Venus are up to 96% sulfuric 
acid. 

To under-
stand what such 
life might be 
like, we study 
organisms on 
Earth that can 
survive and even 
thrive in extreme 
conditions, 
including high 
acid environ-
ments. These 
extremophiles 
are an analog of what we could look for on Mars, under the ice 
of Enceladus or Europa, or in the clouds of Venus. By studying Page 4

Astrobiology: Are We Alone in 
the Universe?

By J. W.

What is astrobiology?

'RHV�H[WUDWHUUHVWULDO�OLIH�H[LVW"�,I�VR��KRZ�GR�ZH�ÀQG�LW"�7KHVH�
DUH�VRPH�RI�WKH�TXHVWLRQV�WKH�ÀHOG�RI�DVWURELRORJ\�LV�IRFXVHG�RQ�
answering. Astrobiology is, in short, the study of the possibility 
of life on other planets. It centers around the origins and evolu-
tion of life on Earth, and how that process might look elsewhere 
in the universe. Astrobiologists often work together to answer 
complex questions that require knowledge from multiple scien-
WLÀF�ÀHOGV�RI�VWXG\��DOWKRXJK�WKH\�FDQ�ZRUN�DORQH�LQ�RWKHU�FDVHV�

What do astrobiologists study?

$VWURELRORJ\�LV�DQ�LQWHUGLVFLSOLQDU\�ÀHOG��EULQJLQJ�WRJHWKHU�D�
multitude of other realms of science in order to understand how 
life might appear and survive on other worlds. These include, 
but are not limited to: astronomy, biology, geoscience, chem-
istry, geology, oceanography, aeronautical engineering, and 
atmospheric sciences (atmospheric chemistry, atmospheric 
dynamics, atmospheric physics, and climatology). Some astrobi-
ologists study extremophiles, organisms that can survive under 
extreme conditions. This information proves useful when trying 
to understand the limitations of the survival of life in a given 
environment.

Where can astrobiologists work?

:KLOH�LW�LV�D�UHODWLYHO\�QHZ�ÀHOG��DVWURELRORJ\�KDV�VKRZQ�WR�EH�
quite promising as new discoveries continue to be made. From 
the European Space Agency to the Australian Center for Astro-
biology, opportunities for employment exist all over the world. 
In the United States, astrobiologists can work at a number of 
GLIIHUHQW�VFLHQWLÀF�RUJDQL]DWLRQV���1$,��1$6$�$VWURELRORJ\�
Institute), SETI (Search for ExtraTerrestrial Intelligence), JPL 
(the Jet Propulsion Laboratory), to name a few.

Why be an astrobiologist?

Astrobiology aims to answer the ancient question-- is there 
DQ\RQH�HOVH�RXW�WKHUH"�)URP�VFLHQFH�ÀFWLRQ�WR�DOOHJHG�8)2�
encounters, humanity seems to be obsessed with the idea that we 
may not be alone in the universe. It’s an enticing possibility, far 
less lonely than the alternative. If you have ever dreamed of dis-
covering life on other worlds, or you are fascinated by the origin 
DQG�HYROXWLRQ�RI�OLIH��DVWURELRORJ\�LV�WKH�SHUIHFW�ÀHOG�IRU�\RX��



extremophiles, we train ourselves how to study life elsewhere.

The following short articles were researched and written by 
students at New Haven School in Spanish Fork, Utah as part of 
their astrobiology summer course.

Could life exist in sulfuric acid clouds of Venus?

Acidophiles   by V. N.

An acidophile is a bacteria / animal that can or must survive in 
a highly acidic area. An acidic environment is an area that has a 
pH level below 6. An organism is only considered an acidophile 
if it can thrive in an area with a pH below 2, areas such as that 
are considered highly acidic. Acidophiles are able to survive 
in highly acidic environments due to their membrane system 
which pumps out protons into the intercellular space; the result 
helps keep the cytoplasm at or around a neutral pH. Due to this 
process it is not necessary for intracellular proteins to develop 
acid stability. 

Certain acidophiles such as Acetobacter aceti utilize an acid-
LÀHG�F\WRSODVP��WKLV�IRUFHV�RXW�QHDUO\�DOO�RI�WKH�SURWHLQV�LQ�WKH�
genome to get to acid stability. The Acetobacter is a great way to 
understand how proteins can obtain acid stability. Many studies 
focused on acidophiles have shown a few mechanisms by which 
the acidophiles obtain a steady amount of acid inside them. 
In most stable acid proteins there tends to be too much acid 
residue which affects low pH stabilization created by a buildup 
of positive charges. Other ways acidophiles survive is by mini-
mizing the solvent accessibility of acid residues, or by binding 
the metal cofactors. 

Acidophiles are incredible at adapting to harsh environments. 
It is notable that acidophiles can survive in an impressive amount 
of harsh and unwelcoming environments that humans couldn’t 
imagine or physically stay alive in.

Alkaliphiles by K. T.

Did you know harsh environments can sustain living organ-

LVPV"�7KHVH�RUJDQLVPV�DUH�NQRZQ�DV�H[WUHPRSKLOHV��7KH�GHÀ-
nition of an extremophile is “a microorganism, especially an Ar-
chaean, that lives in conditions of extreme temperature, acidity, 
DONDOLQLW\��RU�FKHPLFDO�FRQFHQWUDWLRQ�µ��'LFWLRQDU\��'HÀQLWLRQ�
of Extremophiles, google.com). Within extremophiles are class-
es, such as alkaliphiles. These species are known to grow around 
D�S+�RI�����&HUWDLQ�PLFUREHV�TXDOLI\�DV�WKLV�VSHFLÀF�FODVV��

Alkali bees are a suitable example for an animal that can 
survive a harsh environment. Alkali bees dig nests underground 
looking for salty soil, this is categorized as an haloalkaliphile. 
They create a strategic arrangement of tunnels to lay eggs in 
safety. Their lifestyle is isolated and not livable for other crea-
tures, but they adapt to it quite easily, since it is in their nature 
to do so (Alkali Bees, fs.fed.us.com). 

Other categories known are the obligate and facultative 
alkaliphiles. Obligates require a very high pH to survive, and 
facultative are able to survive in high pH climates, but also are 
adaptable to normal conditions (en.wikipedia.com, Alkaliphile). 
Alkaliphiles are still currently being discovered and not very 
much is known 
about them in 
this present day. 
Even though 
there is little 
information, the 
research contin-
ues to explore 
more about the 
adaptations 
and creatures 
surviving under 
these harsh, 
unlivable climates.

Clostridium  by S. E.

Clostridium is an anaerobe, a type of extremophile which 
can survive without oxygen, metabolizing on their own without 
external energy (oxygen). They are also a genus of Gram-pos-
itive bacteria, which means they change into a certain color 
when exposed to a staining method introduced in 1884 by Hans 
Christian Gram. Clostridium is commonly known in the medical 
ZRUOG�EHFDXVH�WKLV�VSHFLÀF�W\SH�RI�DQDHUREH�LV�NQRZQ�WR�FDXVH�
and accelerate human pathogens by infecting the intestinal and 
GLJHVWLRQ�WUDFWV�E\�RYHUSURGXFLQJ�KHDOWK\�ÀEHU��RYHUORDGLQJ�
the dietary system; often appearing as Clostridium perfringens 
(food poisoning) or Clostridium tetani (tetanus) in the body, this 
genus can cause many infections which, like the latter condition 
of tetanus or lockjaw, can sometimes be fatal. 

Clostridium frequently exists in airtight containers, as it is 
able to survive anaerobically, or without air, causing food poi-
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soning to those who eat canned goods infected by this anaerobe. 
A prokaryote, or a bacterium lacking sophisticated internal 
V\VWHPV��&ORVWULGLXP�LV�VRPHWLPHV�FODVVLÀHG�DV�D�GLVHDVH��$V�
for anaerobes in general, other substances and energies than 
oxygen are used in metabolism and respiration, such as nitrates. 
They do best in regular body temperature environments, unlike 
other extremophiles which can survive in severe temperatures. 

Clostridium strains cause disease and infection by secreting 
toxins in lysis, the organelle process in which the cell membrane 
is ruptured by viral infections. In closing, Clostridium is a 
bacterium, often rod shaped, and the cause of toxins that can be 
potentially fatal and are often very resilient due to their status as 
anaerobes.

Halophiles   by N. D.

Halophiles are a type of extremophile that thrives in environ-
ments with high concentrations of salt. The name “halophile” 
comes from the Greek words “salt loving.”  Halophiles mainly 
live in evaporation ponds or salt lakes. Some examples are The 
Great Salt Lake, Owens Lake, and the Dead Sea. Those bodies 
of water contain a salinity of 33.7%. That’s about 10 times 

saltier than any ordinary seawater. That amount of salt allows 
halophiles to thrive in their environment.

Halophiles are chemoheterotrophs, using light for energy 
and methane as a carbon source under aerobic or anaerobic 
conditions. Halophiles contain proline, amino acid derivatives, 
polyols, sugars, and methylated sulfur compounds. Halophiles 
DUH�D�YHU\�FRPSOLFDWHG�DQG�GHWDLOHG�RUJDQLVP�WKDW�LV�GLIÀFXOW�WR�
study. Most halophilic and other salt eating animals use energy 
to remove salt from their cytoplasm. Normally, organisms living 
in salt would lose water and die because of osmosis—other than 
halophiles.

Halophiles are categorized by the levels of salt on which they 
grow best: slight halophiles, moderate halophiles, and extreme 
halophiles.

Hyper Piezophiles   by L. M.

Hyper Piezophiles are organisms that survive and reproduce 
in high pressures in the depths of the ocean or deep under-
ground, also known as the deep biosphere. In order for these 
organisms to live in these extreme environments they develop 
various mechanisms to prevent the effects of the elevated pres-
sures they live through. They live more than 1000 m below sea 
level, which has a hydrostatic pressure greater than 10 MPa. In 
the deep biosphere there is lack of light and nutrients and very 
little organic materials.

 
When piezophiles are isolated they can be divided into 

thermopiezophiles and psychropiezophile. Pyroccus yayanosii 
strain CH1 is the only known thermopiezophile and is found in  
hydrothermal vents. Hydrothermal vents are splits in the ocean’s 
ÁRRU�ZKHUH�ZDWHU�LV�JHRWKHUPDOO\�KHDWHG�XS�WR�����&�DQG�
emitted and then results in eutrophic, microbial dense commu-
nities. Psychropiezophiles are found in the depths of the ocean 
also, but in areas that are not heated by geothermal energy that 
UHDFKHV�DERXW���&�

Osmophiles   by B. H.

There are probably a lot more creatures living in your food 
than you think. Osmophilic organisms are adapted to live in 
areas with high sugar like jam or honey. The adaptations that 
osmophilic organisms have are they can make glycerol to balance 
their internal and external osmotic pressure. They can also 
shrink their membranes to keep the glycerol in their cells. Yeasts 
are common osmophilic organisms you might discover in foods 
containing high amounts of sugar. Some types of yeast, molds, 
and bacteria are osmophilic.

Osmophilic organisms are some of the only organisms that 
are adapted to live in high osmotic pressures. A lot of different 
foods have sugar in them because the sugar will suck up all the 

Clostridum bacteria as seen under a microscope. They can live 
in airtight containers without oxygen.

The Spiral Jetty on the north shore of the Great Salt Lake. The pink color 
of the water is due ot halophilic bacteria that live in the lake.
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water around it, making it a great food preservative. I don’t 
know about you but I know that now I will look at food totally 
differently and will be more careful about what I eat. I don’t want 
to get sick or even risk getting sick. The bacteria that lives in 
your food can be either good or bad; be sure you are not eating a 
bunch of bad bacteria. 

Too Hot to Han-
dle: The Weird 
World of the Pom-
peii Worm   by J. W. 

Imagine living comfort-
ably in 140-degree water. 
Seems impossible, right? 
Not for the Pompeii worm. 
Discovered by marine 
biologist Craig Cary and 
his colleagues in 1997, the 
3RPSHLL�ZRUP��VFLHQWLÀF�
name Alvinella pompeja-
na) is a species of deep-sea 

polychaete worm, or “Bristle Worm.” Pompeii worms can reach 
up to 13 centimeters in length. They have a feather-shaped head 
and tentacle-like gills, colored red by hemoglobin. Pompeii 
worms live in tubes near “black smokers” -- hydrothermal vents 
RQ�WKH�3DFLÀF�VHDEHG�WKDW�HPLW�D�VXEVWDQFH�FRPSDUDEOH�WR�EODFN�
smoke. These worms are extremophiles, organisms that can 
live comfortably under multiple extreme conditions. For the 
Pompeii worm, those conditions are extremely high pressure 
and temperatures. 

In fact, the Pompeii worm is known as the most heat-tolerant 
animal on Earth. Alvinella pompejana can survive at sustained 
WHPSHUDWXUHV�RI�������&��������)��IRU�VKRUW�SHULRGV�RI�WLPH��
but it is most comfortable in temperatures ranging from 40 to 
�����&������WR�������)���3RPSHLL�ZRUPV�OLNH�WR�NHHS�D�FRRO�
head-- while they rest their tails in water with temperatures as 
KLJK�DV�����&��������)���WKH\�UHVW�WKHLU�KHDGV�LQ�FRROHU�ZDWHU��DW�
WHPSHUDWXUHV�DURXQG������&�������)���

The Pompeii worm’s abilities to withstand the heat are linked 
to heat-stable ribosomal DNA and a symbiotic relationship with 
bacteria. The worms have hairy-looking backs; these “hairs” are 
actually colonies of bacteria, which feed off of mucus secreted 
from glands on the worm’s back. This layer of bacteria can be 
up to one centimeter thick! The bacteria are thought to provide 
insulation for the worm, thanks to eurythermal enzymes that 
protect the bacteria-- and thus, the worm-- from extreme tem-
peratures. It’s clear-- no one can take the heat like the Pompeii 
worm.

Snottites   by S. S.

Extremophiles are organisms that live in extreme conditions. 
An example of an extremophiles is Picrophilus torridus, it is a 
thermoacidophile adapted in hot acidic conditions. It was found 
in soil near a hot spring in Hokkaido, Japan. Snottites or Snot-
icles are another extremophile that are found in caves hanging 
from the walls and ceilings. They have the consistency of nasal 
mucus and look like drips. Snottites got thier name by Jim 
Pisarowicz in 1986. They get their energy from chemosynthesis 
of volcanic sulfur compounds including H2S and warm water 
solution dripping down from above. Because of this their waste 
is highly acidic with similarities to battery acid. Diana Northup 
and Penny Boston brought attention to snottites while studying 
in a toxic sulfur cave called Cueva de Villa Luz in Tabasco, Mexi-
co. Northup says that at certain times of the year the slime makes 
the walls look like they have been silvered, she says that “it’s 
just breathtakingly gorgeous.” Some cave systems Snottites are 
found in are the Frassasi caves in Italy, Grotta di Rio Garrago, 
and Cueva Luna Azufre.

Tardigrades   by S. W.

Tardigrades are incredible and extremely resilient microscop-
ic animals. Although they look soft and puffy, they are actually 
covered in a tough cuticle closely related to that of a grasshop-
per. First discovered in 1773 in Germany by J.A.E Goeze, 
these tiny extremophiles were named “Kleiner Wasserbär” or Page 7



“little water bears” in English. In the grand scheme of time, 
Tardigrades were discovered a long time after the start of their 
existence. Scientists have traced them back to roughly 4 million 
years before the oldest of our found dinosaurs.

As of today, roughly 1,300 species of Tardigrade have been 
IRXQG�DQG�FDQ�EH�SURSHUO\�FODVVLÀHG�HDFK�RI�ZKLFK�VKDUH�VRPH�
similar features. All Tardigrades have four to six claws on each of 
their eight feet used to easily allow them to cling to plant matter. 
They all have a mouth-like structure known as a buccopharyn-
geal apparatus used to suck in nutrients from plants and other 
microorganisms.

Tardigrades have been nicknamed “Moss Piglets” due to their 
preference to live in mossy areas with lots of fresh water mois-
ture and their slight resemblance to tiny, grey pigs. Although 
they prefer wet areas, Tardigrades have been proven to thrive 
even in desert sand dunes because they keep an extremely thin 
yet useful layer of water around their bodies at all times. Because 
they keep themselves moisturized so well, Tardigrades can 
actively survive without food or water for up to thirty years.

Tardigrades have incredible resilience to many different 
substances. They have a unique protein in their bodies called 
a Damage Suppressor or “Dusp” in shortened terms. This 
amazing protein protects them against extreme radiation which 
can be present in soil, water and around plant life. These damage 
suppressing proteins also allow them to survive at a temperature 
RI�XS�WR���������)�����������&��RU�EH\RQG�ERLOLQJ��LQ�SUHVVXUHV�
six times harsher than in the deepest of our ocean’s trenches 
and they can withstand the cold vacuum of outer space for an 
impressive amount of time. Although it may seem so, these 
tiny superbeings are not immune to everything. They are very 
sensitive to acidity. Even the lowest levels of acidity can kill them 
almost instantly.

Known also as “masters of cryobiosis,” Tardigrades can prac-
tically freeze themselves in time and wait for unsafe conditions to 
pass by. Cryobiosis is a state of complete inactivity triggered by a 
lack of moisture. Tardigrades can squeeze themselves into tight 
balls tucking down their heads for protection. This allows them 
to release moisture through their skin like a living microscopic 
sponge. When their surrounding conditions improve, Tardi-
grades can quickly consume moisture and revive themselves.

Thermophiles   by C. L.

Alicyclobacillus acidocaldarius are a thermophile species. 
These creatures can inhabit an environment with a higher 
WHPSHUDWXUH�WKDQ�PRVW�VSHFLHV�FDQ�VXUYLYH�LQ��7KH�ÀUVW�VSHFLHV�
of alicyclobacillus were found in the geysers in Yellowstone Na-
tional Park, and also found in fumarole soil, which is an opening 
near a volcano in which hot gasses come out. They can be found 
in Hawaii’s Volcano National Park. Scientists decided that it 

VKRXOG�EH�FODVVLÀHG�DV�Bacillus acidocaldarius in 1971, then lat-
HU�RQ�ÀJXUHG�RXW�WKDW�VWXGLHV�VKRZHG�LW�WR�EH�IURP�D�GLIIHUHQW�DQG�
new species called Alicyclobacillus. They live in acidic and high 
WHPSHUDWXUHV��7KRPDV�'��%URFN�ZDV�RQH�RI�WKH�ÀUVW�VFLHQWLVWV�WR�
categorize this species. The temperature in which Alicycloba-
cillus�FDQ�JURZ�DW�LV���������&��DQG�RSWLPXP�S+�LW�FDQ�JURZ�DW�
LV����������ZKLFK�LV�D�VLJQLÀFDQW�DPRXQW�RI�DFLG��2YHU�WLPH�WKH\�
have adapted to the high acidic levels of their environments. 

Grand Prismatic Spring in Yellowstone National Park. The rainbow of 
colors is created by various species of thermophilic bacteria in the water.
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Hyperthermophiles   by R. R.

There are now 70 species of Hyperthermophiles. The most 
extreme living on the walls of deep sea hydrothermal vents, a 
place one would normally see as impossibly habitable. What 
gives hyperthermophiles this incredible ability to endure and 
even thrive at such high temperatures actually has something to 
do with their protein molecules and cell makeup. Their protein 
molecules, which show hyperthermostability, allow them to 
maintain structural stability and function at high temperatures. 
These evolved hyper thermostable proteins allow chemical reac-
tions within the organism to proceed faster at higher tempera-
tures. Hyperthermophiles also contain high levels of saturated 
fatty acids in their cell membranes which allow them to retain 
their shape at their preferred temperature.

Hyperthermophiles live in hydrothermal vents, which are 
created by volcanic activity and tectonic plate movement. It is a 
ÀVVXUH�RQ�WKH�VHDÁRRU�IURP�ZKLFK�JHRWKHUPLFDOO\�KHDWHG�ZDWHU�
comes from that can reach temperatures above 700 degrees 
fahrenheit in some cases. There are two types of hydrothermal 
vents, black smokers and white smokers. Black smokers emit 
SDUWLFOH�ODGHQ�ÁXLG�WKDW�DUH�PDGH�XS�RI�ÀQH�JUDLQHG�VXOÀGH�
PLQHUDOV�IRUPHG�ZKHQ�WKH�K\GURWKHUPDO�ÁXLGV�PL[�ZLWK�WKH�YHU\�
cold sea water surrounding the vents. White smoker vents have 
lighter minerals emitted and lower temperatures than that of 
EODFN�VPRNHU�YHQWV��7KH�PLQHUDOL]HG�ÁXLGV�IURP�WKLV�W\SH�RI�YHQW�
are rich in calcium and sulfate-rich and form carbonate deposits. 
Any creature able to withstand and thrive in such an environ-
ment is astounding. 



Astrobiologist Biographies
In each of our editions of Ad Astra Per Educare we will 

include short biographies of prominent astronomers and their 
HGXFDWLRQ��FDUHHUV��DQG�LQWHUHVWV��)RU�WKH�ÀUVW�IRXU�HGLWLRQV�ZH�
will focus on astrobiologists, since that was the subject of the 
summer course. Each student in the class was asked to pick an 
astrobiologist, research her or his life, and report on it through 
D�VKRUW�HVVD\��:H�ZLOO�SURÀOH�����DVWURQRPHUV�LQ�HDFK�HGLWLRQ�RI�
our magazine.

Rosalba Bonaccorsi   by N. D.

Rosalba Bonaccorsi is a member 
of the SETI Institute and she is a 
woman with a big imagination. She 
has plans to explore and research 
things that go beyond our current 
knowledge. She is strong willed and 
believes she can do anything she 
puts her mind to, even if that means 
ÀQGLQJ�D�ZD\�WR�WUDYHO�WR�0DUV�DQG�
prove a point to the entire universe. 
Rosalba joined the SETI Institute 
in 2008 and has been a strong 

member ever since. She has expanded her work to include envi-
ronmental aspects of Planetary Protection. She studies where to 
look on a planet for signs of life and how to protect that life.

Rosalba has studied biology, geology, marine mammals, sed-
imentology and organic geochemistry. Her disciplines include 
astrobiology, environmental science, marine geochemistry, and 
bio sedimentology. Her degrees and majors include a Ph.D in 
2001 in Geological, Marine, and Environmental Sciences, from 
the University of Trieste, Italy. Rosalba’s dream is to go to Mars. 
She believes that “planitary studies can spark the imagination.” 
She longs to understand the entire nature of the solar system and 
wants to know if we’re really alone. Rosalba strongly believes 
that we are not the only living creatures in the universe and plans 
on revolving her life around proving that belief to the world.

Graham Lau by R. R.

Graham Lau was born and 
raised in South Central Penn-
sylvania in between the city and 
the country. He was surround-
ed by nature in his childhood 
and his favorite pastime was 
exploring new things about 
the world and himself. Graham 
spent an impressive amount of 
time in college; around 13 years 

between the York College of Pennsylvania and the University of 
Boulder Colorado. He studied biology, chemistry, astrophys-
ics, geological sciences, and completed an internship studying 
marine molecular biology and aerobiology. 

Graham has explained his constant curiosity towards looking 
up at the stars and wondering if we are alone, and this is the 
interest that fueled his career. Graham is currently working as 
the Director of Communications and Marketing for the Blue 
Marble Space Institute of science and is the director of logistics 
for the University Rover Challenge, hosts the NASA astrobiolo-
gy and SAGANet show “Ask an Astrobiologist” and the research 
community coordinator for the Hypothesis Bowser and the Life 
Detection Forums Knowledge Base. 

The search for life beyond Earth in general requires the un-
derstanding of life, the nature of the environments that support 
it, and planetary systems and stellar interactions and processes. 
Since no life has been found outside of Earth yet, it is easy to 
ORVH�KRSH�LQ�WKLV�ÀHOG��EXW�*UDKDP�/DX�VWD\V�PRWLYDWHG�DQG�
inspired.

Penelope Boston   by S. S.

Penny (Penelope) 
Boston grew up 
traveling the world 
with her parents who 
were performers. 
Penny had Graves’ 
disease which is a 
type of hypothyroid-
ism. It causes a lot of 
hardships mentally 

and physically. Penny went to high school in Florida and went to 
St. Petersberg for college and eventually she transferred to the 
University of Colorado Boulder. The climate in Colorado was 
drier and that helped her health a lot. 

Penny spends her time delving into deep research in caves. 
She studies subsurface microbiology and the possibility that 
there is life deep within the caves of Mars. She has worked on 
projects with Dr. Carl Sagan and Dr. Frank Drake. She was one 
of the founders of the Mars Underground and helped organize 
a series of conferences called “The Case of Mars.” She also was 
the last director of the NASA Astrobiology Institute before the 
institute was suspended. 

Currently she is working as a professor at the New Mexico 
Institute of Mining and Technology. She is known as a New 
Mexico speleologist, microbiologist and astrobiologist. She is 
WKH�DXWKRU�RI�RYHU�RQH�KXQGUHG�DQG�ÀIW\�SXEOLFDWLRQV�DQG�KDV�
PXFK�VFLHQWLÀF�NQRZOHGJH��6KH�KDV�DFFRPSOLVKHG�D�ORW�DQG�LV�
loved by her students.  
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An Interview with Dr. Chris 
McKay, Astrobiologist with 

NASA Ames Research Center
Dr. Christopher P. McKay holds a PhD in AstroGeophys-

ics from the University of Colorado, Boulder and his research 
interests focus on the evolution of our solar system and the origin 
of life. He studies life in extreme conditions that are similar to 
what exist on Mars, including the Atacama, Namib, and Mojave 
Deserts and the dry valleys of Antarctica. He has been a co-in-
YHVWLJDWRU�RQ�VHYHUDO�LQVWUXPHQWV�WKDW�KDYH�ÁRZQ�WR�0DUV�DQG�LV�
active in planning future Mars missions, including the proposed 
Icebreaker Life mission.

The following interview was conducted at the Desert Stud-
ies Center in the Mojave National Preserve near Baker, CA in 
0DUFK�������,W�ZDV�DW�WKH�HQG�RI�D�ZHHN�ORQJ�ÀHOG�VWXG\�RI�
biological soil crusts in the Mojave Desert conducted by research-
ers from the California State University system, NASA Ames, 
the Astrobiology Institute, and several other groups. I was there 
as a practicing science teacher through my participation in the 
Mars Education Challenge sponsored by Explore Mars, Inc. At 
the time of this interview, the Mars Science Laboratory (Curios-
ity) was on its way to Mars. NASA was developing the Space 
Launch System with a plan to send it and the Orion capsule to a 
small asteroid as a test mission.

David Black  0:48  
Thanks for being willing to do this. 

Chris McKay  0:50  
No problem.

David Black  0:51  
2ND\��VR�ÀUVW�TXHVWLRQ��:KDW·V�\RXU�EDFNJURXQG"�+RZ·G�\RX�

get into astrobiology and into working with NASA, NASA Ames.

Chris McKay  0:59  
I think got interested in astrobiology, it wasn’t even called 

that, when Viking landed on Mars. Here was a very sophisticated 
spacecraft, lands on Mars searching for life, and the signal that 
it sends back to Earth can really be summarized as, well, all the 
elements needed for life are here, but there’s no evidence of 
life. I took a sort of “lights are on but nobody’s home” message. 
I got real interested in that I was a student at the time, started 
following up on what does this mean for Mars, and that got me 
into life and then started sitting in on microbiology classes. 
And then NASA Ames had a summer program for students and 
I went there for the summer a nd that really got me involved in 
the astrobiology perspective. And as a result of that summer 
SURJUDP��,�HQGHG�XS�GRLQJ�ÀHOGZRUN�LQ�$QWDUFWLFD�DQG�WKDW�JRW�
me turned on to life in extreme environments and how places 
on earth could be used as models for life on Mars. And I’ve been 
doing that ever since. 

David Black  2:03  
What did you study in college?

Chris McKay  2:05  
I was in graduate school at the University of Colorado and I 

was in an astrophysics program. And when I entered graduate 
school, I had no idea that I’d end up veering toward astrobiolo-
gy. It was - it sort of took me by surprise.

David Black  2:19  
Is it more correct to say astrobiology or exobiology?
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Chris McKay  2:28  
Well, in the late 90s, they decided to invent something called 

astrobiology, so that they could go to Congress and say we have 
a new program give us more money. So, conceptually, it’s the 
same thing we’ve been doing for many years.

David Black  2:42  
What are the differences, if any, between astrobiology and 

exobiology?

Chris McKay  2:52  
Well, there’s a lot of overlap between what used to be called 

exobiology and what’s now called astrobiology. I - I think the dif-
ference is semantics, at least in terms of the things I’m interested 
in, it didn’t change. I was interested in what we now call astro-
biology starting as a graduate student in the in the early 80s. So 
there’s been a continuity of intellectual pursuit in terms of what 
I’ve been working on. And we used to call it exobiology and now 
we call it astrobiology, whatever.

David Black  3:24  
So lately, though, the public attention and - and at least some 

hope seems to be rising that astrobiology will soon be achieving 
real results.

Chris McKay 3:35
There’s a lot of growing interest in astrobiology and I trace 

it back to a couple things. First, the discovery of the nature of 
the early universe and star formation and dark matter all those 
things. Second, the discovery of extrasolar planets, planets 
DURXQG�RWKHU�VWDUV��DQG�WKHQ�ÀQDOO\��WKHUH�ZDV�DOVR�FRPLQJ�EDFN�
from Mars, including the Mars meteorite of many years ago, 
ZKLFK�KDV�VLQFH�SURYHQ�WR�EH�QRW�DV�VFLHQWLÀFDOO\�YDOLG�DV�ZH�RQFH�
thought, but it sparked interest in the notion of life on Mars. 
And then, right on the heels of that announcement came a series 
of Mars programs, rovers and the Phoenix lander, which really 
continued to capture the attention and keep the spotlight on 
Mars.

David Black
:KDW·V�RXU�EHVW�FKDQFH�IRU�ÀQGLQJ�HYLGHQFH�RI�OLIH�RXWVLGH�RI�

the earth?

Chris McKay
:HOO��WKHUH·V�WKUHH�SODFHV�ZKHUH�ZH�PLJKW�ÀQG�HYLGHQFH�IRU�

life, Mars, Europa, the moon of Jupiter, and Enceladus the moon 
of Saturn, those three places. I think it’s a fair bet on which one 
LV�JRLQJ�WR�EH�WKH�PRVW�OLNHO\�WR�JLYH�XV�D�ÀUVW�VLJQ�RI�OLIH��0DUV�LV�
close. We have evidence of water but it looks like the evidence 
of life may be hard to get to. Europa, we have clear evidence of 
water, but it’s deep below ice, it’s not clear we’re going to get 
access to any evidence of life on the surface anytime soon. En-
celadus, much smaller, maybe younger in terms of its biological 
activity, but the samples are coming out in a plume and we know 
there’s organics in there. So it’s interesting as well. It’s hard to 
predict which of those three worlds is going to be the one that’s 
going to be most interesting.

David Black
If you were to design a probe yourself, where would it go and 

what would it do?

Chris McKay
If I was building a probe in the McKay Rocket Company, we 

ZRXOG�Á\�WKURXJK�WKH�SOXPH�RI�(QFHODGXV��JHW�D�VDPSOH��DQDO\]H�
it for biological organics, and bring that sample back to Earth.

David Black
How would such a mission be able to bring back samples?

Chris McKay
Well, the hardest part of such a mission is the long trip going 

to Saturn and then once you reach Saturn slowing down so that 
\RX�FDQ�Á\�WKURXJK�WKH�SOXPH��DW�D�UHODWLYHO\�VORZ�UHODWLYH�VSHHG�
so that you don’t destroy the samples from the impact velocity, 
and then the long trip home bringing the sample back home. So 
those are the challenges on such a mission. They’re things we 
know how to do, that just require fairly complex systems to do it.
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David Black
What are some recent concepts for exploring whether life can 

survive on the moon and Mars?

Chris McKay
We are working right now on a concept to grow plants on the 

moon. Well we want to do is just send seeds and just grow them 
IRU�D�ZHHN�RU�VR�VR�WKDW�WKH\�JHUPLQDWH��6R�WKDW·V�RXU�ÀUVW�VWHS�
germination under lunar gravity and lunar radiation.

David Black
So the sample would be sealed?

Chris McKay
That’s right. The sample would be completely sealed. When 

we landed on the moon, water would be injected and the seeds 
would start to grow.

David Black
With Earth soil, Earth water, and seeds, right? 

Chris McKay
:H�SUREDEO\�ZRXOGQ·W�XVH�VRLO��ZH�SUREDEO\�XVH�D�ÀOWHU�SDSHU�

DQG�WKH�VHHGV�ZRXOG�EH�LPSUHJQDWHG�LQWR�WKH�ÀOWHU�SDSHU��$QG�
when we landed on the moon, a little jet of water or earth, water 
would be injected into the container, and they would start grow-
ing, the only thing we’d be testing is growing in lunar gravity 
and lunar radiation, everything else would come from Earth, the 
air, the water, the chamber, the plants would all be Earth, but it 
would be growing in the lunar environment. And what we’d have 
is thousands of duplicates growing in the Earth environment for 
comparison. 

David Black
What would be the advantage of doing that?

Chris McKay  7:37  
But it would tell us whether plants can grow in lunar gravity. 

We don’t we don’t actually know that right now. We know plants 
can grow in Earth’s gravity. And we know that plants can grow 
although differently in zero gravity, but we don’t have any data 
at intermediate gravities, Moon or Mars gravity. And that’s we 
DUH�DVVXPLQJ�WKDW�SODQWV�ZLOO�JURZ�ÀQH��ZH�DVVXPH�WKDW�0DUV�
gravity or moon, gravity will be all right. But we don’t know that. 
6R�LW·OO�EH�WKH�ÀUVW�GLUHFW�HYLGHQFH�RI�WKDW�HIIHFW��$QG�LQ�DGGLWLRQ�
to the gravity, there’s the radiation environment. And there’s 
some speculation that gravity and radiation might somehow have 
interacting effects, which could alter patterns of development. 
$QG�JURZLQJ�D�SODQW�IURP�VHHG�ZLOO�EH�WKH�ÀUVW�WHVW�RI�WKDW��

David Black  8:27  
And then ultimately, to do something similar on Mars?

Chris McKay
Right, once we’ve demonstrated that we can do a plant growth 

plant germination experiment on the moon, I would then push 
for doing it on Mars. It’s further, it’s harder, more expensive, 
but it’s ultimately the place where I really want to grow plants.

David Black
*LYHQ�KRZ�GLIÀFXOW�LW�LV�WR�JHW�WKLV�NLQG�RI�IXQGLQJ�IURP�

NASA, using the support of private corporations is the future of 
space exploration. What are some of the possibilities and some 
companies you’ve worked with?

Chris McKay
I think that that space exploration is in transition right now. 

It’s in the transition from a completely government dominated 
government controlled enterprise into a mode where govern-
ment is a customer, but one of many customers. And the private 
sector is providing Launch Services to ships, the airplanes the 
equivalent of. And so we’re moving into a system where compa-
nies will provide the rockets, and NASA will be a customer on 
that. There may also be a mode in which cost of experiments get 
down low enough that we can look for private sponsors, we can 
go to a foundation and say, Would you be interested in doing a 
plant growth experiment, and the costs may come down to the 
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point where private foundations could support those kinds of 
experiments.

David Black
For example, X PRIZE sponsoring the next moon landings.

Chris McKay
Exactly. An example of all this is the Lunar 

;3UL]H�ZKHUH�*RRJOH�LV�SXWWLQJ�XS�VLJQLÀFDQW�
money to sponsor companies to do organizations 
WR�GR�OXQDU�PLVVLRQV��7KDW·V�D�GHÀQLWH�FKDQJH�LQ�
paradigm from the way we used to do lunar mis-
sions, which are all always state space agencies. 
Government funding,

David Black
Would you be in favor of a quick and dirty sam-

ple return mission to Mars?

Chris McKay  10:30  
:HOO��WR�PH��WKH�ÀUVW�VDPSOH�UHWXUQ�PLVVLRQ�

should be a simple one, it should land it should 
grab some soil and it should bring it back and it should do the 
whole thing quickly, easily and in one opportunity, and at low 
cost. After we’ve done it once a simple one a demonstration and 
engineering tests so to speak, then we can do more complicated, 
more sophisticated missions. But if we set our sights too high, 
we’re never going to get there. We need to set our goal for sim-
SOH��QHDU�WHUP�VDPSOH��WKH�VDPH�ZD\�ZH�GLG�URYHUV��WKH�ÀUVW�URYHU�
to Mars was the size of a shoe box, and just went a few meters. 
That was it. It couldn’t have couldn’t do much it didn’t have high 
VFLHQWLÀF�JRDOV��%XW�WKHQ�WKH�QH[W�URYHU�ZDV�ELJJHU�DQG�PRUH�
capable and our rovers even more bigger and more capable. And 
then we have to take the same approach the sample return, the 
ÀUVW�VDPSOH�UHWXUQ��JRWWD�EH�VLPSOH��GLUHFW��$QG�WKHQ�IURP�WKHUH��
we build up the capability to more.

David Black  11:28  
The current plan for a  Sample Return scenario is too compli-

cated?

Chris McKay  11:35  
Too complicated - too complicated, too expensive, and it’s 

never going to happen. And that that kind of logic of this com-
plex sample return mission derives from a notion that we’re only 
going to do one would be like saying, well, you’re only going to 
ever get one rover on Mars. Well, then, of course, the rover ends 
up having to be a big giant, fancy rover that does all these things, 
but that’s not the way we do things. It’s not the way we’ve done 
things and it’s not the logical way to do things. A logical ways 
WR�GR�VRPHWKLQJ�VPDOO�DQG�VLPSOH�ÀUVW��DQG�WKHQ�EXLOG�RQ�WKDW�
experience and do ever more complicated missions. Why? Why 
wouldn’t we want to take that same approach to sample return?

David Black  12:12  
We’re sending a very complex rover now.

Chris McKay
Exactly. This is the fourth rover to go to Mars. We would not 

KDYH�VHQW�WKLV�DV�WKH�ÀUVW�URYHU�

David Black
So we’re out here in the middle of the Mojave Desert. Why are 

we coming here to study astrobiology?

Chris McKay  12:34  
Deserts are particularly relevant for the study of life on Mars 

because Mars is a desert world. So when we study deserts on 
Earth, we see many of the chemical and biological processes that 
we think are happening on Mars. We see oxidants in the soil, we 
see challenges in the preservation of organic material, we see 
life trying to adapt at very low levels of moisture. These are all 
themes that keep occurring when we think about life on Mars. 
And so deserts in a way provide us a way to hone our analytical 
skills, test our instruments, learn what we’re doing. So when we 
go to Mars, we have a better idea of how to proceed.

David Black
So this desert is a feasibility study.

Chris McKay
It’s like a training study. We’ve tested out Mojave, if we can’t 

get it to work in the Mojave, we’re not ready to send it Mars.

David Black  13:24  
6R�ZH·UH�ORRNLQJ�VSHFLÀFDOO\�DW�WKHVH�ELRORJLFDO�VRLO�FUXVWV���,Q�

ZKDW�ZD\V�ZRXOG�WKH\�SRLQW�WKH�ZD\�WRZDUGV�ZKDW�ZH�FRXOG�ÀQG��
especially on Mars?

Chris McKay  13:37  
While we could imagine that at one time, Mars was wet 

enough that biological soil crusts could have formed. There also, 
these crusts are also very interesting here on Earth in terms of 
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maintaining, maintaining the desert surface. And we there’s 
many things we don’t understand about these crusts and about 
their distribution. So they, they’re fascinating directly and one 
of the things that happens when you study deserts, as you realize 
how interesting they are. And so we start asking questions that 
DUH�VSHFLÀF�WR�WKH�GHVHUW��$QG�PD\EH�ZH�ORVH�D�OLWWOH�ELW�WKH�
connection to Mars, but we always come back to it eventually. So 
the soil crust is a good example of that we’re sort of following a 
lead here in the desert, On these soil crusts, what’s controlling 
them, where do they grow and why. And eventually, we’ll bring 
that lead back around and connect it to Mars.

David Black  14:27  
Other types of very primitive slow growing life, and we talk 

about anaerobic bacteria and desert varnish will help us under-
stand the possibilities.

Chris McKay  14:38  
Well, they’re all in that same category of things that are living 

in desert environments and very low levels of water and, and 
are developing and using interesting ways to conserve water 
to grow in low water, and so on. So we’re trying to study the 
whole range of these kind of desert organisms. Right now we’re 
focusing across previous expeditions here, we focused on the 
hypolithic algae growing under the stone, again, it’s a model. 
We study though we study it for its own interests, we do try to 
apply it to Mars. But we’re not walking around with Mars on our 
mind all the time. When we’re in the desert, we’re studying it 
as a interesting system, worthy of interest in respect and study 
intrinsically. And then once we understand it, we can then apply 
that knowledge to Mars and past life on Mars. But to really learn 
about the desert, we have to immerse ourselves in it directly, and 
then only later pull that knowledge back out and apply it to the 
Martian case.

David Black  15:37  
So the idea that bacteria or some simple form of life might 

live under a rock or under a layer of varnish or in a symbiotic 
community is something we can apply directly to our search for 
life on Mars.

Chris McKay  15:52  
:HOO��ÀUVW�ZH�KDYH�WR�XQGHUVWDQG�LW��)LUVW��ZH�XQGHUVWDQG�

what’s going on in the desert here. Then we draw more general 

principles. So it may be that none of these ecosystems we stud-
ied here directly apply to Mars. But we learn general principles 
which we can then apply to Mars about how life developed strat-
egies to grow in dry environments. So it would be a mistake to 
come out the desert and look at a habitat or a rock and say, Ah, 
that could exist on Mars. I think the analogy is more subtle and 
more and at the same time deeper than that. So we come to the 
desert, we study life in this dry extreme, we develop a deep un-
derstanding of how life survives in dry extreme. And then we try 
to apply that deep understanding to Mars and we may not follow 
the exact detailed path that we’re observing in the desert here. 
But we may still follow the same general principles. It points to 
directions and how to look what kind of instruments to send and 
that sort of thing.

David Black  16:54  
The big question of course, is would we know what life is if we 

ever saw it?

Chris McKay  17:03  
This is one place where Earth analogs fail us. Here, we’re 

searching for life and its life like us. It’s the same DNA baseline 
that we see everywhere else. On Mars, we don’t know if it is 
going to be the same DNA base life. In fact, we hope it isn’t. We 
hope it’s something different, the more different the better from 
my point of view, and then there’s the problem of how do we rec-
ognize it? How do we analyze it? And that’s something we can’t 
OHDUQ�VWXG\LQJ��ÀUVW��PRGHOV��,Q�IDFW��TXLWH�WKH�RSSRVLWH��6WXG\-
ing Earth models tends to point us in a direction, it’s probably 
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wrong, because we focus on using methods like DNA extraction, 
which is what we’re doing today. And those methods are only 
going to look for Earth life. So we end up training ourselves 
ZLWK�PHWKRGV�WKDW�DUH�VSHFLÀF�WR�(DUWK�OLIH��$QG�VR�ZH�KDYH�WR�
consciously make an effort to realize that those methods will not 
be what we necessarily want to use on Mars.

David Black  17:56  
6R�LI�ZH�SXW�DVLGH�VRPH�RI�WKH�GHÀQLWLRQV�RI�ZKDW�ZH�/LIH�KDV�

to have, like before DNA and so on and make a more general 
rule.

Chris McKay  18:09  
We have no idea if there’s a general chemical rule for life, 

some molecule all life has to have. It’s very hard to make general 
rules when you only have one example. So I think our approach 
has to be one of ignorance, we have to say, we don’t know what 
it is we’re looking for. We just need to look, and we need to be 
systematic in the search. And if we see something that we can’t 
explain, and it looks like a pattern that could be biological, we 
have to be prepared to see that even if it’s not the same pattern 
we see here on Earth.

David Black  18:40  
Is that part of the reason why Mars Science Lab, they say, you 

know, we’re really not looking for the possibility of the mole-
cules being associated with life, which seems kind of a strange 
way of putting it.

Chris McKay  18:53  
But I think part of the reason is, is the rover, the Mars Science 

Lab rover doesn’t really have the capability to make a convincing 
case for life even it’s there. It has a capability to detect organics, 
and that will be very interesting. And it may lead to missions that 
IROORZ�XS�RQ�WKDW��WKDW�ZLOO�KDYH�GLUHFW�DQG�GHÀQLWLYH�LQVWUXPHQWV�
to search for life. But it does not have such instrumentation. So 
it can give us very interesting results. They can tell us whether 
organics are present, and might even hint that they could be 
ELRORJLFDO��EXW�LW·V�YHU\�XQOLNHO\�WKDW�LW�ZLOO�PDNH�D�GHÀQLWLYH�FDVH�
that there was life here is life here on Mars.

David Black  19:32  
But this is the next step. stepwise trying to do the whole thing.

Chris McKay  19:40  
Well, the way I like to think of it is the previous missions have 

established that there was water, liquid water, they just sort of 
follow the water strategy. Okay, we’ve done that. Check on the 
water. What’s the next step? Next step is search for organics. 
Water is what life lives in, organics is what life is made of. So 
we have established I think that Mars had water and throughout 
early in its history and in periods throughout its history. The 
next step is to see if there’s any organic because that’s what life 
is made of. The step after that would be to search through those 
organics for signs of biologically produced organics, MSL, the 
Mars Science Laboratory won’t really be able to take that step. 
%XW�LI�LW�ÀQGV�RUJDQLFV��WKHQ�RQH�FRXOG�LPDJLQH�D�IROORZ�RQ�PLV-
VLRQ�WKDW�ZRXOG�VHDUFK�WKURXJK�WKRVH�RUJDQLFV�WR�ÀQG�HYLGHQFHV�
of evidence for a biologically produced organic, like DNA is an 
example of organic molecule that’s clearly biologically pro-
duced. Proteins, complex proteins, enzymes, things like that as 
well, whereas simple amino acids may be biologically produced, 
maybe not. 

David Black  20:48  
Would it need to be a sample return mission?

Chris McKay  20:51  
,�GRQ·W�WKLQN�VR��,�WKLQN�\RX�FRXOG�GR�D�GHÀQLWLYH�OLIH�GHWHFWLRQ�

mission using this approach of looking at biomolecules organic 
molecules on Mars. Sample returned be much easier and more 
powerful. But I think we could do it in situ as well.

David Black  21:28  
Why is that important?

Chris McKay  21:32  
I think there’s two reasons we’re searching for life. One is to 

address the fundamental question, philosophical question, deep 
VFLHQWLÀF�TXHVWLRQ��$UH�ZH�DORQH"�,V�WKHUH�OLIH�EH\RQG�WKH�HDUWK"�
Is the universe full of life? Or are we just some oddball situation 
here? But there’s also a second question, a practical question, 
which is, are there other ways to do life? We have on earth one 
example of biology one example of a genetic code, one example 
of a way to make proteins and structural molecules. There may 
be other ways. And if we could discover another example of life 
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that does the same sort of processes with a different set of chemi-
cals or different set of organics, that may give us deep insights 
into the nature of life that we may never get by just studying the 
one example we have. And that insight may prove very useful in 
very practical ways. In - in terms of all of the technologies and 
science that rest on biochemistry, think of medicine, think of 
agriculture, think of disease control, think of pesticide controls, 
think of all the things, the technologies and aspects of our life 
that are rooted in our understanding of biology. It’s vast, it’s 
enormous. And if that understanding is broadened by having two 
examples of biology that could have very practical, important 
implications. So there’s two answers to wide search for life, one 
philosophical and one practical.

David Black  23:01  
We would have to rewrite all the biology textbooks.

Chris McKay  23:04  
That’s a minor inconvenience compared to the 

information we would gain by having a another type 
of life - Life 2.0, I call it, to study.

David Black  23:15  
Imagine that kind of a revolution in biology would 

almost be like the revolutions in astronomy.

Chris McKay
But it would be very interesting it would be like, 

if the only star we could ever see was the sun. And 
suddenly, we could see other stars. And we could see 
many different types of stars, we have more than one 
star to study.

David Black
So suddenly, we realize there’s a whole range of 

stars. 

Chris McKay
Exactly, exactly. Things that would be very hard to deduce by 

just studying one star, like the sun, even if you could study it in a 
lot of detail. It’s very hard to do that. Science is data driven. And 
with biology, we have only one dataset, we need more than one 
data set.

David Black
2ND\��VR�ÀQDO�TXHVWLRQ��,Q�WKH�IXWXUH�LI�ZH�FRXOG�JR�DQ\ZKHUH�

and have the budget to do anything besides going back to Mars 
with a biological test rover or a sample return, which would be 
kind of a sequence you would see, what places you would want 
to go?

Chris McKay  24:21  
Well, if I was pushing permissions, I would push very hard for 

an Enceladus mission. Here we’ve got a plume water organics 

coming out of what looks like a habitable environment in the 
subsurface of Enceladus. Samples right there in space - grab and 
go. I would push hard for that. I would push hard for a Mars mis-
sion. That’s a sample return and then human exploration. I think 
we need to move we need to move toward human exploration 
on Mars very quickly. I think because human exploration will 
open up questions that we can’t open up any other way. They’ll 
explore the planet in ways that we can’t really achieve completely 
with robotic missions and they’ll address questions like “Is Mars 
a place where humans can live?” Obviously, it’s a question that 
needs humans on site to address. 

David Black
I’ve heard if we cut down the time for Mars - I know that this is 

a topic that is way out there - SpaceX is talking about the possi-
bility that we would cut the cost down and they’re working on it.

Chris McKay  25:28  
I think it’s gonna be many years before we send humans to 

0DUV��,�WKLQN�ZH�ZLOO�ÀUVW�VHW�XS�EDVHV�RQ�WKH�PRRQ�EHFDXVH�LW·V�
much closer, we’ll learn how to stay on the moon. First, we know 
how to go to the moon. We really already know how to go to 
Mars. We don’t know how to stay. We don’t know how to stay 
on the moon. We don’t know how to stay on Mars. I think we 
QHHG�WR�OHDUQ�WR�VWD\�RQ�WKH�PRRQ�ÀUVW��MXVW�OLNH�ZH�OHDUQHG�WR�JR�
WR�WKH�PRRQ�ÀUVW��2QFH�ZH·YH�OHDUQHG�KRZ�WR�VWD\�RQ�WKH�PRRQ��
we can then go to Mars and stay on Mars.

David Black
So now we’re ready to send humans back out into deep space 

to an asteroid. You think there’s a use for an asteroid mission?

Chris McKay  26:08  
,�WKLQN�LW·V�LQWHUHVWLQJ��,W·V�D���LW·V�D��LW·OO�EH�RXU�ÀUVW�WULS�RXW�RI�

the earth moon system where we have to deal with deep space. 
And so I think it’s a it’s a good it’s a good mission to plan. It 
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is not a long term activity. It’s a base on the moon might go 
100 years or base on Mars might go several hundred year and 
asteroid mission is sort of a training so it might last three or four 
years, but that’s it. I don’t think we would ever set up a base at an 
asteroid or something like that.

At this point we ran out of time for further questions. I thanked 
Dr. McKay for graciously granting me this interview. 

In the years since, NASA has abandoned its plan to use the 
Space Launch System to go to an asteroid and has instead 
GHFLGHG�WR�UHWXUQ�ÀUVW�WR�WKH�PRRQ�ZLWK�WKH�$UWHPLV�PLVVLRQV�DQG�
establish a lunar orbiting station called Gateway which will 
support a full-time base on the moon and provide us with the 
experience needed to send humans on to Mars. Curiosity landed 
on Mars in Gale Crater as planned and is currently exploring the 
clay deposits of Mt. Sharp. It has proven that the water in Gale 
Crater was neutral in pH and could have supported life. The 
Mars 2020 Rover (Perseverance) launched lin July 2020 and 
is on its way to Mars and a landing on Feb. 18, 2021 in Jezero 
Crater. It has the instrumentation 
to search for actual life, past or 
present, and will cache samples of 
soil for future return to Earth by 
a European Space Agency Fetch 
rover. It also carries the Ingenuity 
helicopter demonstrator. 

Elon Musk and SpaceX continue 
to achieve remarkable milestones 
as the Crew Dragon capsule has 
FDUULHG�WKH�ÀUVW�DVWURQDXWV�WR�WKH�
space station this May and safely 
returned them two weeks ago. The 
Starship prototypes are making 
continued progress, and the Falcon 
Heavy system has also been 
launched which can carry large 
cargos into orbit. The Space Launch 
System is behind schedule and 
over budget but making progress 
for planned launches beginning in 
2021.

A Europa Clipper mission has 
been approved by Congress, and the 
Cassini probe that discovered the 
plumes rising from Enceladus has 
now been crashed deliberately into 
Saturn. No mission is yet planned 
to gather samples of the plumes of 
Enceladus for return to Earth.  
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ing along the shore of a 
liquid methane lake on 

Titan. Actually, this is at 
the shore of Lake Mead 
and the sky and Saturn 
were added as special 
effects for a PBS Nova 

program on astrobiolo-
gy called “Finding Life 

Beyond Earth.” 

Alien life can 
come in any 

form from mi-
crobes to bipedal 
humanoids. Evo-

lution can take 
many tracks.

A student’s conception of a 
Neptune-class exoplanet.


