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I.  Let's Make A Microbe 
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1.  Make A Container 

 

 
 

2.  Add An Engine 
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3.  Add Instructions and a Scribe 

 

 
 

4.  Help It Evolve 
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II.  Francis Collins interview 
Interview conducted on August 10, 2005 at the National Human Genome Research Institute by 

Robert Krulwich, executive editor of NOVA scienceNOW, and edited by Susan K. Lewis, editor 

of NOVA online 

 

Robert Krulwich: When we talk about going from something that is not alive to something that is alive, 

we're talking mainly about chemicals.  So first of all, do you ever think of yourself 

as a "bag of chemicals?" 

 

Francis Collins: "Chemicals" has sort of a bad name right now.  I'm aware there are certain products 

that are being advertised -- food products -- with "no chemicals whatsoever".  Well, 

that would be pretty hard to arrange since everything around us is made up of atoms 

and molecules -- chemicals -- including ourselves.  I'd be the first to say that I don't 

think that fully explains what being 'human' is all about.  But I would also be quick to 

say yeah, we do have a certain list of constituents of a chemical sort.  It's a very long 

list and they're arranged in a very special way.  So simply melting us down and 

tallying up the number of compounds of this and that sort would not be very revealing 

about how the whole thing works. 

 

Krulwich: But these researchers plan to go shopping in some store and take bags off a shelf with … 

like, inert dust.  And the idea is to turn it into Life? 

 

Collins: This is sort of the ultimate in reductionism, isn't it?  The idea that you could put together 

something that you could call "living" from basic building blocks -- chemicals -- assembled 

in a certain way.  It quickly gets you into the dilemma of what's the definition of "living" in 

this kind of experiment?  What would you call "success"? 

 

Krulwich: What do you think a living thing would require to be alive? 

 

Collins: The word "living" has so many connotations that I'm almost reluctant to try to define it 

scientifically because it sounds as if I'm then downgrading all the other significances of that 

word.  But if you wanted a short list of the properties of something that we would call living:  

 

It would need to be self-replicating.  That is, it could copy itself stably into many other 

copies.  It would need to be stable over time.  And it would need to be able to survive without 

the input of lots of other complicated proteins or other large molecules that aren't generally 

available, floating around in the atmosphere.  Sure, it could have some sort of media that it 

lived in -- some sugars and some salts and things like that.  But let's not require it to need 

cytochrome P450. 

 

And maybe we ought to require it also to have the ability to evolve over time under the 

force of some selection process.  Although that may be an unnecessary added frill, and not 

everyone would agree that that is needed to define Life. 

 

Krulwich: Will there be a problem here if someone says "Wow! I did it."  Will there be an argument 

over whether "it" has been done? 

 

Collins: I think there will be profound arguments about who has actually crossed this line.  If you 

imagine a single molecule of RNA, for instance, that is somehow able to copy itself, 

surrounded by a membrane of lipids, is that good enough?  It isn't going to be a bright line.  
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This will not be one of those moments where with a blinding flash, the Universe has 

changed. 

 

 

 

 

Even humble-looking E. coli bacteria are complex organisms, housing 

a host of different proteins and organelles, which are invisible in this 

scanning electron micrograph. 

 

 

 

 

 

Krulwich: That's interesting.  Because it feels to me that something huge will have taken place if you 

can go from non-Life to Life. 

 

Collins: I think it's like climbing a hill where you're trying to decide if you're at the top.  And by the 

time you realize you're at the top, you really went past it.  I suspect that will be true here -- that 

there will be incremental steps and people will argue furiously about whether it counts or not.  

And finally we'll get to the point where everybody agrees, yeah, we probably now have 

something that meets that definition of a living thing. 

 

Krulwich: It sounds like you find this a plausible quest. 

 

Collins: I think probably scientists will figure out a way to generate some simple self-replicating system.  

Does that really deserve the definition of Life?  Or is this kind of a caprice -- kind of a nice, 

interesting academic exercise but nothing like the way in which we conceive of the 

abundance and diversity and complexity and wonder of real Life on this planet.  It might be, 

really, a very poor representation of anything that we currently look at on the planet and call 

"living". 

 

Frankenstein or a Feebler Life-Form? 

 

Krulwich: Wouldn't the ability to go from inert to living in a small way predict the ability to go from 

inert to living in a big way? 

 

Collins: Obviously, people will be worried about what comes next.  If you can make a small step in this 

direction and have something that at least -- by some definition -- is called Life, where does 

this end?  Remember, evolution has been at this for a very long time.  Something like 3.85 

billion years have transpired since the first self-replicating organism appeared on Earth.  And 

that has resulted in very robust self-replicating systems that are remarkable in their ability to 

adapt to environments and to sustain all kinds of unexpected insults. 

 

I find it very hard to believe that starting from scratch, we can somehow come up with a 

better system -- one that's going to have much success.  So I'm not too worried that somehow, 

some completely different life-form is going to get out-of-control.  I think the synthesized 

life-forms will be actually very imperfect, very unsatisfying, and very very fragile. 

 

Krulwich: So if it happens at all, it'll be a "ehh, ehh, ehh … whomp!?"  It will be such a fragile thing? 
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Collins: If you want to use a machine analogy -- and admittedly, there are lots of problems with this -- 

think of a 'mammal' as an incredibly complicated machine -- you know, the latest version of 

the 767-plus.  Even a bacterium on that scale is an incredibly complicated organism -- 

perhaps like a fancy Cadillac, anyway. 

 

Krulwich: Or a Saturn rocket? 

 

Collins: Maybe.  Now maybe somebody tinkering in the lab will succeed in building a Radio Flyer 

wagon where the wheel will fall off after the first 10 feet, but you will be able to say, "It 

went."  Does that really threaten the larger, more complicated machines?  Are they going to 

be somehow supervened by these clever new developments?  I don't think so. 

 

 

 

 

If a bacterium is a fancy Cadillac, the first synthetic life-form might be 

a little red wagon with a loose wheel, Collins says. 

 

 

 

 

 

 

Krulwich: That's interesting. 

 

Collins: If there's really a risk, both philosophically and perhaps in safety terms, I don't think it's in 

developing Life from scratch.  It will be that with extensive knowledge of how Life actually 

works, people will start to redesign organisms, taking what they've learned from what has -- 

in evolution's laboratory worked quite well -- and modifying it. 

 

Rewriting the Book of Life 

 

Krulwich: Well, let's pick up on this redesigning Life.  Is it easy now to, say, go to the "gene store" and 

build new life-forms? 

 

Collins: Well, one of the big developments of the last couple of years -- and one that I don't think is 

widely appreciated -- is the ability to synthesize any DNA molecule that you want at high 

accuracy and low cost. 

 

Krulwich: So let's suppose a gene is spelled "A-A-A-A-C-C-C-C-C-T-T-T".  Can you go and buy some 

"A" at a store and buy some "C" and buy "T"? 

 

Collins: It's getting very much like that.  You can set up your synthesizer. You buy your A's, C's, G's, 

and T's.  And you load up your A's in this bottle and your C's in that bottle … your G's are 

over here, your T's are over there.  You sit down in front of your computer and you program 

in what you want to make.  And presto! 

 

Krulwich: Now let me ask you about the chemical "letters".  Once they go into this machine, will they 

just self-assemble? 
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Collins: Ha-ha.  No, no, no.  The way this works is you're depending upon enzymes which you are 

generally borrowing from Life itself. 

 

Krulwich: Ah, so you're cheating! 

 

Collins: You're cheating!  Your machine is being empowered by what we've learned from biology.  Not 

just principles but actually proteins that were generated, usually by some bacterium. 

 

 

 

 

Jeremy Minshull -- president of the biotech firm DNA 2.0 -- gives 

Robert Krulwich a peek inside a machine that synthesizes DNA from 

tiny vials of A's, T's, C's, and G's -- nucleotides derive from salmon 

sperm. 

 

 

 

 

 

 

 

 

Krulwich: So we'll start with inert chemicals; we'll start with some dust.  We'll put in a few biological 

tools stolen from a living thing.  And then if we just put in the right order, does God have 

to breathe on the machine?  This is the thing I'm trying to figure out -- what happens next? 

 

Collins: Well, remember, what you're making in this machine is not Life.  You're making DNA.  You're 

making a long strand of DNA with a particular sequence. 

 

Krulwich: But if I put enough DNA together, maybe I'd get a living thing. 

 

Collins: No.  You'd get DNA.  Remember, DNA is essentially not capable of doing anything.  It's just 

the instruction book.  Having printed out the instruction book doesn't make the house come 

into being, even though it may specify all of the particulars of what that house is supposed to 

look like. 

 

We now know how to synthesize DNA pretty efficiently.  So not only could we make DNA 

that's a smallpox virus, pretty soon, we could also make the DNA of an entire bacterium.  It's 

not that many letters of the code.  Perhaps only a couple of million.  But would that be Life?  

No, it would not. 

 

The First Synthetic Life? 

 

Krulwich: What about that virus that some guy made?  Am I right to say that somebody put in all the 

right spellings and made a virus-like thing?  [In 2002, polio researcher Eckard Wimmer 

generated a so-called "synthetic" poliovirus.  A year later, a team led by J. Craig Venter 

and Hamilton Smith announced similar work with a virus called PhiX.] 
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Collins: What they did was synthesize the instruction book.  But an instruction book just sits there.  It 

doesn't actually build anything.  For that instruction book to cause trouble, that viral DNA 

had to be put inside a cell where the cell provided all of the "workers". 

 

Krulwich: So what they made was different from the virus itself? 

 

Collins: A virus is not just DNA.  A virus is also packaged up, covered over with a series of proteins in 

a nice, elegant, well-compacted form.  What was made in the machine was just the DNA.  

And if you put that naked DNA -- I mean, really "naked" DNA -- into a cell, you basically 

bypass the requirements for how the virus would normally get in.  Then that DNA -- once 

inside the cell -- harnesses the machinery that the cell provides.  Which is a lot! 

 

Krulwich: Oh, so it did a virus-like thing. 

 

Collins: It did a virus-like thing and made copies of itself.  The copies had not just DNA but also 

proteins because those were encoded in its instruction book.  So these new viruses were 

capable of infecting the next round of cells. 

 

Krulwich: So now why isn't that an "Oh my gosh!" kind of event? 

 

Collins: I guess we've gotten so familiar with the idea that viruses are just naked DNA with some 

protein packaging that this was completely a no-brainer.  I think a lot of people thought 

"Well, what's the big deal?  Why is that so exciting?  So you synthesized a virus from 

scratch?  Of course!" 

 

Krulwich: Not me.  I'm thinking "Wow!"  You went from dust with a little help and some cheating to 

something that was arguably motile.  It did things. 

 

Collins: I think it was way short of that.  It wasn't motile and it didn't do anything.  You had to inject it 

into this wonderful milieu that provided -- really -- all of the exciting nuts and bolts to make 

this happen.  Namely the cell.  Without that, it was a pretty boring stretch of DNA with no 

potential of doing anything without your help.  So I would say that was not Life -- that was a 

chemical. 

 

 

 

Predicting how a stretch of DNA will translate into the folds and 

functions of a protein is no easy trick. In this 3D model of the protein 

Acetylcholinesterase, the twisted blue ribbons are strings of amino 

acids that were encoded by DNA. 

 

 

 

 

Custom-Made Creatures 

 

Krulwich: So there's nothing random about what was done with this virus; you got a recipe.  You've 

decoded a living thing and now you're trying to bake it yourself. 

 

Collins: Yes. 
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Krulwich: Would you say "Oh, wow!" if some of these people who have more of a business bent create 

something like a bacterium that is new and very, very valuable to the World?  Is that 

possible? 

 

Collins: There is clearly the potential of being able to build at will some kind of organism that has 

properties that might be beneficial in terms of, say, cleaning up a toxic spill.  Again, I'm 

having trouble seeing that as a "quantum leap" over what one can do now by stitching 

together bits of DNA that came from different organisms. 

 

Again, you could argue that evolution has provided us with an incredibly rich array of 

options here -- genes that we know work very well that could be adapted for an appropriate 

purpose.  And that might be a much more successful way to build new organisms.  Take the 

entire panoply of successful genes from all organisms that we have access to and reshuffle 

them -- which is what recombinant DNA is -- instead of imagining that we're so smart that we 

can come up with something even better. 

 

Krulwich: You don't think there's anything to the argument that we can just synthesize something 

better? 

 

Collins: We are so woefully ignorant about how biology really works.  We still don't understand how a 

particular DNA sequence -- when we just stare at it -- codes for a protein that has a particular 

function.  We can't even figure out how that protein would fold into what kind of three-

dimensional shape.  And I would defy anybody who is going to tell me that they could -- 

from first principles -- predict not only the shape of the protein but also what it does.  The 

idea that we could somehow just step back from what evolution has already figured out and 

do a better job -- because we are able to predict those things from theoretical principles -- is 

just so far away from reality as to be laughable.  [StealthSkater note:  In the late 1990s, I 

had read an article about an IBM proposal to build a tennis-court size supercomputer 

with self-correcting circuitry.  The venture was viewed as taxing the limits of existing 

engineering technology.  Its first problem was to simulate how a simple protein folds.  

This would take 400 years on the best supercomputers.  It was estimated to take a year 

on this one.] 

 

Getting Back to Life's Origins 

 

Krulwich: So switching away from the folks who want to just write new DNA, there are other guys who 

are thinking "Let's try this: let's just create environments that are like -- or maybe like -- 

the environment that produced Life in the beginning.  Let's see if we can find a way to start 

life here from scratch." 

 

Collins: We've been trying to explore this sort of nebulous question for decades, of course.  This is what 

Stanley Miller did back in the 1950s -- trying to pass an electric discharge through a bunch of 

organic compounds and show that he was able to generate amino acids and maybe even some 

nucleotides.  It's still hard to know what you would call success.  Again, you better have a 

very clear definition in mind of what you are willing to say in any way resembles Life. 

 

Krulwich: I think they say "If we can get a little sack full of stuff -- that stuff can take the energy of the 

world and use it somehow -- and then reproduce itself, then we have done it!  We've 

actually done it!"  And you'd say? 
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Collins: I'd say that it'll be very interesting to see how that turns out.  But I think the probabilities from 

first principles are probably pretty low that that's going to work.  Not zero, but pretty low. 

 

 

 

Does our understanding of Life's chemistry -- such as the now well-

known structure of DNA -- profoundly change how we view 

ourselves? 

 

 

 

 

 

 

 

Krulwich: I'm just coming back from meeting some of these guys.  They look like they've just 

swallowed the cat! 

 

Collins: Or drank the Kool-Aid.  Well, I'm glad they're excited about it because you'll never accomplish 

anything in Xcience if you're not. 

 

I guess what we're really talking about here is what was the origin of Life on Earth to begin 

with?  And is that something which in a scientific experiment, you could get some glimmer of 

by essentially creating a circumstance where something vaguely resembling Life is under your 

own observation, coming into being?  Isn't that really the point?  To try and answer that age-

old question "how did it all start?" 

 

Darwin himself had a lot of trouble with it.  Ad we still do today because nobody has really 

come up with a terribly plausible system that would convince the skeptics that it was actually 

the way it happened. 

 

Now, if you were able in a laboratory situation to create something that was capable of self-

replication, that wouldn't prove that's how it happened.  It probably would be way off from 

whatever happened.  But it would be a demonstration of the possibility that -- from simple 

compounds in the right circumstances -- you might end up with something that starts this 

process.  Some people will find that philosophically very upsetting.  But I think most people 

won't, actually. 

 

What About God? 

 

Krulwich: If human beings were able to turn non-life into Life, what would that do to our notions about 

ourselves? 

 

Collins: I think our notions about ourselves probably can be questioned on many grounds other than this 

one.  With what we've learned about evolution and our relatedness to all living things, it's 

very clear that -- in terms of the mechanical aspects of who we are -- that we are derived 

from many other ancestors down through the last 3 billion years.  Defining how it all started.  

Does that change our view of ourselves profoundly?  I'm not sure it does. 
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Krulwich: If a human being were to create life from non-life, that would cross -- in my view, anyway -- 

a line that I didn't know that we could cross.  A mystery would be demystified.  It doesn't 

strike you that way? 

 

Collins: We have been demystifying life for decades.  Ever since we figured out "spontaneous 

generation" is not right -- that, in fact, Life comes into being from things like spores and eggs 

and so forth -- we have been learning that Life follows certain principles and rules.  I think 

you'd be hard-pressed to find a microbiologist who would say "There is something 

unscientific … some vital force about E. coli that allows it to keep going." 

 

Krulwich: So, really, you feel that way? 

 

Collins: Yeah. 

 

Krulwich: A very little, itty-bitty thing gets along because it's just chemicals in the right order. 

 

Collins: Right.  Now does that apply to human beings?  No, I happen to think human beings fall in a 

different category.  I think we -- of all the organisms on the Planet -- have a spiritual nature 

which can't be explained by those common elements and "instruction books" and references 

to machine analogies.  We have these remarkable features such as the understanding of 

what's right and wrong, which I don't think is something that will come out in the study of 

Biology.  Nor is it something that I think evolution can explain. 

 

So I am a person of faith, as you might be able to tell from that last remark.  But my faith is 

not in any way resting upon whether-or-not it's possible in a test tube -- at some point -- to 

generate something that looks like it replicated and had the properties of Life. 

 

Krulwich: So God wouldn't be a little bit diminished if a human could make a Living thing from a non-

living thing?  Or humankind wouldn't be inflated if we could make a Living thing? 

 

Collins: Well, God would certainly not be diminished.  God -- if it's the God that I worship -- created 

the Universe and all the laws that regulate it and gave us this incredible gift of an intellect.  

And I -- like Galileo -- don't think that He gave us those abilities in order for us to forego their 

use.  And so I think God kind of thinks that Science is pretty cool! 

 

So I'm not worried about God.  I am worried about humans because we have a long 

tradition of assuming greater importance for ourselves than we deserve.  And so this does slip 

into the zone of hubris: "I'm no longer just an ordinary person; I am creating Life.  That makes 

me a little closer to God and maybe a little less in need of Him, after all." 

 

If somebody were to wrap themselves in that kind of philosophical mantle, then I think 

we've actually not upgraded man -- we've downgraded him. 

 

 

= = = = = {Program Transcript} = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

 

Robert Krulwich: Welcome to NOVA ScienceNOW.  I'm Robert Krulwich.  And in this hour, from a 

number of different perspectives, we're going to look at the mystery of being alive. 
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After all, what are living things made of?  We are made of chemicals: carbon, 

hydrogen …simple chemicals.  You could by them at a store.  But you put these 

chemicals together in just the right way and you get a breathing, living being. 

 

Life is not an unfathomable mystery.  Scientists say this is a piece of chemical 

engineering.  This is a beautiful chemical machine.  Now one day, they say, we're 

going to build a creature from scratch simpler than this.  But the surprise is that that 

day may be getting much, much closer. 

 

You know those Hollywood movies?  The ones where scientists do improbable 

things?  They mess with Life, then they get a little confident... 

 

Frankenstein (Movie): Now I know what it's like to be God! 

 

Frankenstein's friend (Movie): You're crazy. 

 

Robert Krulwich: But what if I told you that there are dozens of scientists right now trying to do 

something much like that?  I mean, they're not stealing dead organs in the dark of 

night or constructing a seven foot creature with bolts in its neck.  But they are 

starting with dry, dead dust.  They're working on tiny life forms, racing for the big 

prize.  They want to be the first to turn non-life into self-sustaining, living 

creatures. 

 

David Deamer: We're going to have laboratory life.  This is really knocking on the door. 

 

Robert Krulwich: As best we can tell, there hasn't been a completely new life form for the last 3 and a 

half billion years -- not since the first act of Creation.  But you are about to meet 

scientists who say we can do it again. 

 

Steen Rasmussen (Los Alamos National Laboratory): The steps we have to take are getting smaller and 

smaller. 

 

Mark Bedau (Reed College): It's do-able.  And it's relatively cheap. 

 

Robert Krulwich: And what's most amazing -- and in some ways a little frightening -- is that some of 

them say it's not going to be that hard. 

 

Steen Rasmussen: Compared to, you know, making the bomb or sending people to the Moon, I think 

it's significantly easier. 

 

Robert Krulwich: Easier to create Life from scratch than making a bomb? 

 

Steen Rasmussen: Yeah, easier.  Significantly easier. Yeah. 

 

Robert Krulwich: Why easier? Because -- say the scientists who do this -- Life has a rough formula.  

And we know the formula. 

 

So this is your place? 

 

Jeremy Minshull (President, DNA 2.0): This is it. 
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Robert Krulwich: What's it called? 

 

Jeremy Minshull: This is DNA 2.0.  We make DNA. 

 

Robert Krulwich: You make DNA? 

 

Jeremy Minshull: We make DNA. 

 

Robert Krulwich: The same DNA that builds living creatures? 

 

Jeremy Minshull: Exactly, yes. 

 

Robert Krulwich: Exactly?  Do you mean exactly? 

 

Jeremy Minshull: I mean exactly. 

 

Robert Krulwich: And if you wanted to order some DNA for say an experiment, a company like 

Jeremy Minshull's could custom make it for you.  In other words, kind of like 

"DNA to go".  DNA being, of course, the recipe for living creatures, built from 

chemical ingredients abbreviated 'A', 'C', 'T', and 'G'. 

 

So if I'm a creature -- let's suppose I'm a very small creature -- I'm not going to 

be anything immodest like a cat or a mouse.  But I'm just a little, itty bitty thing and 

you can spell me 'CCCTTTGGG'.  Do you have all those chemicals here? 

 

Jeremy Minshull: Absolutely.  And we can make you. 

 

Robert Krulwich: A bold statement. 

 

So, he doesn't mean that literally.  But right away I could tell that Jeremy and I 

don't look at Life the same way.  When I look at … let's say jellyfish, I see a weird, 

pulsing, hairy creature.  When he looks at the same thing -- at least during business 

hours -- he sees a blueprint, a chemical formula. 

 

Jeremy Minshull: Those letters carry all the information that makes us.  

 

Robert Krulwich: And while we've known for a while how to read DNA recipes, even cut and splice -- 

genetic engineering -- now at companies like Jeremy's, they can write recipes and 

create genes from scratch that never existed. 

 

So, if I call you up on the phone and say, "Can you make me something that 

would -- in a living creature -- make it glow green?"  You'd know what I need? 

 

Jeremy Minshull: Exactly.  We would know.  We would know just what you need. 

 

Robert Krulwich: This, for example, is a bottle of 'T' standing for Thymine. 

 

Jeremy Minshull: Can I have your hand?  Please? 

 

Robert Krulwich: And this is what it looks like.  Here we go.  It's just powder. 
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Jeremy Minshull: It's just powder. 

 

Robert Krulwich: Is this in any way alive? 

 

Jeremy Minshull: This is in no way alive. 

 

Robert Krulwich: So, this is just dust? 

 

Jeremy Minshull: Just dust. 

 

Robert Krulwich: Not alive? 

 

So Jeremy mixes this dust with some liquid chemicals -- still not alive -- and 

hooks them all up to this machine.  So now it's a solution in all these things. 

 

It's got the As, Cs, and Ts in bottles, tucked in here.  And you just type in 

whatever recipe you want and the machine pumps out the letters of life. So, it'll go 

"C and C and C and T and T and T"? 

 

Jeremy Minshull: That's right. 

 

Robert Krulwich: The machine makes dozens of strands of letters.  And then some other machines mix 

them all together and -- automatically -- they self-assemble. 

 

Jeremy Minshull: They self-organize. 

 

Robert Krulwich: In the right order? 

 

Jeremy Minshull: In the right order. 

 

Robert Krulwich: Jeremy plugs the completed gene into bacteria, and -- look at this! -- the bacteria 

glow. 

 

Jeremy Minshull: Our instructions were followed and it's making green glow. 

 

Robert Krulwich: So for about 900 bucks, starting -- literally -- with chemical dust, we have just made 

not quite Life, but a gene -- a gene that never existed before. 

 

Then will you mail me the genes? 

 

Jeremy Minshull: That's exactly what we'll do. 

 

Robert Krulwich: Woooshhh!  All this is just going around through the mail all the time? 

 

Jeremy Minshull: That's right. 

 

Robert Krulwich: It's funny. You say... this is all new to me ... and if it's that easy to construct 

individual genes from scratch, some of these folks say "Well, why stop there?  Why 

not build all the genes to make up a creature?"  And amazingly, a couple of years 

ago, scientists created the DNA for a whole virus. 
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They copied the DNA recipe, then got it through the membrane of the cell, and 

the cell manufactured a burst of new viruses just like happens in real life.  So would 

this count as Life? 

 

Francis Collins (National Human Genome Research Institute): No, it would not. 

 

Robert Krulwich: "Sorry," says biologist Francis Collins. 

 

Francis Collins: 'Cause remember, what you're making in this machine is not Life -- you're making 

DNA.  And DNA is just the instruction book.  But an instruction book doesn't 

actually build anything. 

 

Robert Krulwich: Ah, so it's the living cell that does the real work here.  DNA by itself does not create 

Life. 

 

Francis Collins: So I would say that was not Life. 

 

Robert Krulwich: So, then, what is Life?  What exactly do you need?  Well one basic definition says 

that Life requires a bunch of things: (1) a container, something to live in; (2) the 

ability to use energy, to grow or change; (3) the ability to reproduce, to create 

creatures that look like yourself; and for some, (4) the ability to evolve. 

 

But making a creature from scratch that meets all 4 requirements is much, much 

harder than making a gene.  In fact, no one has been able to do it. 

 

But now, scientists all over the World are working on different parts of this 

puzzle.  One of them is Dave Deamer who's looking for clues in the distant past. 

 

Today, his quest brings him to the remote mountains of northern California, to a 

very strange place. 

 

David Deamer: This is Bumpass Hell -- we are in Hell! 

 

Robert Krulwich: And Bumpass Hell is on Mount Lassen -- an active volcano. 

 

David Deamer: This is one of the few places on the Earth that we think resembles what the pre-biotic 

Earth was like: hot, boiling water, mud, clay... 

 

Robert Krulwich: Dave thinks that this is the kind of place where Life might have emerged the first 

time around.  The question is "How did that happen?" 

 

David Deamer: It's one of the great remaining questions of Science.  Nobody yet knows how Life 

began. 

 

Robert Krulwich: Our best guess is that Life at the beginning -- and we're talking 3½ billion years ago 

-- must have been made of ingredients that were either lying around on the early 

Earth or brought in from space on meteorites or comets.  And the first life must 

have been very simple -- just a little bubble-like container with a little bit of 

chemistry going on inside. 
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That's one of Dave's hopes today, that he can use the environment of this pond to 

get some primitive chemical changes going. The powder he's got here contains some 

basic building blocks that could have existed back then. 

 

David Deamer: We're going to get some of this hot water into this little mixture of organic chemicals.  

These are biochemicals. 

 

Robert Krulwich: Then he spikes the pool with these basic ingredients, takes a sample of the mixture.  

So has he created Life? 

 

David Deamer: Nothing popped out yet that's wiggling.  Ha, ha, ha. 

 

Robert Krulwich: Well, he didn't expect that.  But he is hoping that the chemicals in this pond will be 

able to build Life requirement Number 1 -- a container.  Because Dave has 

already found that tiny containers -- kind of like primitive cell membranes -- can 

form on their own.  He did it in a lab from chemicals he found on this rock, the 

famous Murchison meteorite. 

 

David Deamer: There's nothing alive in a meteorite.  And yet the components -- the organic 

components of the meteorite -- have the property of self-assembly into these 

microscopic bubble-like structures. 

 

Robert Krulwich: And they did it? 

 

David Deamer: And they did it. 

 

Robert Krulwich: So they can make mini-containers from scratch. 

 

Then in Switzerland, they got those containers to grow.  At Harvard, they got 

them to divide.  And RPI in New York got different chemicals to assemble into a 

gene-like shape.  And at MIT, they got a primitive gene to start to copy itself. 

 

David Deamer: We know how to make things grow.  We know how to make things reproduce.  We 

know how to make things evolve, in a sense.  So we can do all those things. 

 

Robert Krulwich: And since they can do all this stuff, they say soon they can put it all together and 

build an entire living thing.  Microscopic, yeah.  But alive! 

 

Mark Bedau: We feel like we are on the verge of making a huge, new discovery. 

 

Steen Rasmussen: This is coming.  There's no way...  It's a tidal wave we can see in the distance.  And 

it's going to come.  It's going to hit us.  There's no discussion about that. 

 

Robert Krulwich: No discussion?  But what about the people who believe that Life requires something 

more than just chemistry?  What would you say to the person who said "No, you 

need a kiss from God.  Or a bit of lightning or something mysterious and magical to 

go from one state to the other?" 

 

Steen Rasmussen: If I want to talk about this poetically, I think it is a little bit magic.  But all...doesn't 

matter what you look at in your life, there is magic in that. 

 



 18 

Robert Krulwich: But still, when Steen Rasmussen and all the scientists we talked to look at Life up 

close -- right into a cell -- Life is not a poem. 

 

Steen Rasmussen: Life is a machine. 

 

Mark Bedau: It's essentially a collection of molecules.  There's nothing else that's there. 

 

Steen Rasmussen: It is a molecular machine that does certain things. 

 

Robert Krulwich: And if you buy into the notion that Life is chemistry, rules, and structure -- if Life is 

a machine -- then we can build it. 

 

Steen Rasmussen: These guys, they organize themselves all by themselves. 

 

Robert Krulwich: Steen's idea for building Life is perhaps the most radical of all because it is so 

extraordinarily simple. 

 

Steen Rasmussen: What we're trying to do is the absolutely minimal form of Life you can imagine.  It's 

a million times smaller than the simplest, lousiest little organism we know today.  

So, all the greasy stuff will sort of... 

 

Robert Krulwich: The creature that Steen has designed and is now trying to build has no cell 

membrane.  It is just an oily blob with no DNA.  Instead of DNA, a manmade 

chemical not found in Nature. 

 

Steen Rasmussen: And our proto-organism grows.  It swells up as it eats all the food. 

 

Robert Krulwich: But can you build something so alien from Life as we know it? 

 

Steen Rasmussen: Do I believe that you can make life that is different from Life as we know it?  Oh, 

absolutely!  I do believe that. 

 

We need this guy to digest his food. 

 

Robert Krulwich: If Steen can get his newfangled creature -- this homemade alien -- to meet Life's 

requirements... 

 

Neil deGrasse Tyson (American Museum of Natural History): If someone creates an alien on Earth -- if 

you can do that -- there's... now you're talking!  Now, I'm going to say, "I want 

to bring you on my spaceship 'cause I want you to help me find Life elsewhere 

in the Cosmos." 

 

Robert Krulwich: Astrophysicist Neil deGrasse Tyson says we've got no idea if Life is even possible 

without the usual ingredients.  But if Steen engineers a completely different life 

form... 

 

Neil deGrasse Tyson: Then all of a sudden, your cosmic kitchen becomes this place where you are 

testing the limits of what Life is and what it isn't. 
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Robert Krulwich: And if Life can be different than it is on Earth, think of the possibilities.  Life with 

no water.  Life in a cloud -- say the clouds of Jupiter.  Or any Life that we are able 

to build. 

 

Steen Rasmussen: This is a potentially very, very, very powerful technology.  If we get the key to Life 

-- if we understand and control the creative forces of Nature -- that's a big deal! 

 

Robert Krulwich: But if and when we begin to make Life, the question is can we control it?  I mean, in 

so many movies when they make life, the experiment gets away from them. 

 

Neil deGrasse Tyson: My experiment will get away from me because "in the movie, it got away from 

them?"  That's not evidence.  But in all fairness to the question, there's no 

doubt that every advance of human understanding of the universe, of 

technology -- of our power over Nature -- there's always sort of the other side 

of that sword because it's a sword of power. 

 

Taking that literally, do we say to folks who are coming out of the Stone Age 

into the Bronze Age, "Don't make the sword because you can hurt yourself with 

the sword.  You could cut your finger and that would be bad.  Don't make the 

sword."  But they say, "Oh, but I can use the sword to get food.  And I can cut 

things.  And I can build."  If everyone throughout the history of human culture 

listened to the person in the robe who said "Don't go there; it is not meant for 

you," we would still be living in the cave. 

 

Robert Krulwich: By the way, maybe you've noticed in the old movies when it's time to zap the 

monster on the table and bring it to life, they always use lightning.  I mean always. 

And why?  Well, because lightning is electrical.  It turns things 'on'.  Though 

exactly what lightning does is left to your imagination because in the end, what 

makes Life, that's still a mystery. 

 

[StealthSkater note:  For the transcript of "Lightning" that was removed here, read the 

"Lightning_01" file at => doc   pdf   URL-doc   URL-pdf  ] 

 

 

Robert Krulwich: Astrophysicist Neil deGrasse Tyson said, "Whatever you do, please do not ask me 

about Hollywood space aliens."  But we did anyway. 

 

Neil deGrasse Tyson: Hollywood?  Don't get me started.  Every time they put out an alien, it's for all 

intents-and-purposes identically human.  If you were a jellyfish and saw the 

Hollywood aliens, you'd say they looked exactly like human beings.  2 arms, 

2 legs, a head, a neck, maybe they'll give it 3 eyes instead of 2 or antennae.  

They always have a face which is a very vertebrate kind of thing to have.  So 

many other life-forms on our planet -- with whom we have DNA in common -

- do not have faces.  Trees don't have faces; worms don't have faces; jellyfish 

don't have faces.  The list is long. 

 

You could draw from our own planet, finding creatures that look so unlike 

us that you'll do better tapping them as alien life forms than anything 

Hollywood comes up with in all of their movies.  And I'm very disappointed.  

You know what the best Hollywood alien movie has been in my list? The Blob -

- the old Steve McQueen movie from the 1950s..  That didn't have a face, did it?  

../../Stealthskater/Documents/Lightning_01.doc
../../Stealthskater_PDF/Documents/Lightning_01.pdf
http://www.stealthskater.com/Documents/Lightning_01.doc
http://www.stealthskater.com/Documents/Lightning_01.pdf
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It was just this creature.  And you didn't know what made it work, but it loved 

your blood.  Even though it was a B-movie, they did well. 

 

Robert Krulwich: If you were to survey not the universe but just the Earth, you could divide all living 

creatures into 2 groups -- your 'smart' ones and your 'not-so-smart' ones.  So on the 

one hand, you would have your dolphins and you would have your chimps (and we 

don't want to leave out your dog or your favorite cat).  On other hand we'd have -- 

I don't know -- well moths, slugs, wheat.  I mean, wheat is alive, just not all that 

brainy.  But where on this sliding scale of smartness would you put birds? 

 

I ask because you're about to meet a scientist who thinks birds can be much, 

much smarter than other scientists had supposed.  And at considerable risk to his 

career and to his reputation, he decided to make his case.  And how he did it -- the 

way he did it -- that got our attention. 

 

Ladies and Gentlemen, may I present the winner of the 2002 Alan T. Waterman 

Award -- the National Science Foundation's highest honor for the most outstanding 

young scientist or engineer in America.  Dr. Erich Jarvis, as he was 25 years ago in 

high school. 

 

Dr. Erich Jarvis (Duke University Medical Center): Now some of you might be saying, "Well, how do 

you link a scientific career to a dancer career?"  You know, I can do a pirouette.  

Okay? 

 

All right. I even did some African dancing.  Well, I won't do that ... and I do 

that.  You want to see?  Okay something like... All right>  Okay. 

 

Robert Krulwich: And what he learned -- training to dance -- was in a word... 

 

Erich Jarvis: Discipline.  Um, discipline is very, very, very critical for your survival. 

 

Robert Krulwich: As it was for his.  Erich didn't go to one of the city's top science-y public schools.  

Instead he went here, where they taught him... 

 

Erich Jarvis: Dream big.  Think big.  Reach for the stars!  Be ambitious.  Be bold and don't let anybody 

discourage you. 

 

Robert Krulwich: And by the way, you know this school... 

 

Erich Jarvis: The High School of Performing Arts... 

 

Robert Krulwich: Is this the one that's been in the movies? The same place? 

 

Erich Jarvis: Yeah, a movie called Fame. 

 

Robert Krulwich: "Oh, I want to live forever."  That one? 

 

Erich Jarvis: That's right, that one. 

 

<clip from Fame>: Fame, I'm going to live forever. I'm going to learn how to fly high! I feel it coming 

together... 
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Erich Jarvis: And what was nice about going to a school like this... 

 

Robert Krulwich: … says Erich, is you work hard and you get choices. 

 

Erich Jarvis: One choice was I was offered to audition for the Alvin Ailey dance company and, um, I 

also made it into the City University system, Hunter College.  My personal choice was 

to go into Science... 

 

Robert Krulwich: … and the science he chose was neuroscience. 

 

Erich Jarvis: ...because I'm fascinated with how the brain can generate complex behaviors. 

 

Robert Krulwich: Erich and his colleagues discovered that inside a hummingbird's brain -- even though 

that brain is very tiny and looks so primitive -- is a sophisticated neural network that 

allows hummingbirds to teach each other to sing. 

 

Erich Jarvis: Song in birds is like "speech" in humans. 

 

Robert Krulwich: This was a breakthrough using molecular biology that Erich learned from her. 

 

Rivka Rudner (Hunter College): Isn't that incredible?  I'm the science mother. 

 

Robert Krulwich: The science mother? 

 

Rivka Rudner: The science mother. 

 

Robert Krulwich: Professor Rivka Rudner adopted Erich as an undergraduate. 

 

Rivka Rudner: I also made a cake. 

 

Erich Jarvis: Oh great! 

 

Robert Krulwich: And he spent not only days at the lab... 

 

Rivka Rudner: There were times in which he would sleep over in the little office adjacent to the lab.  

You don't find too many kids doing it. 

 

Robert Krulwich: Erich contributed to 6 scientific papers … 

 

Rivka Rudner: … as an undergraduate. 

 

Robert Krulwich: So there he is in first position.  And all the while, she says that Erich brought an 

artist's feel to her lab. 

 

Rivka Rudner: You talked about the high that you used to get when you danced.  That when you had a 

performance...  

 

Erich Jarvis: Uh huh. 

 

Rivka Rudner: ...you would have a real high. 
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Erich Jarvis: Uh huh. 

 

Rivka Rudner: Okay, and then you said, "But when I come early in the morning to the lab and open the 

incubator and look at a plate and see a result to verify -- let's say the cold transduction 

frequency -- I get a high just like I used to get when I danced." 

 

Robert Krulwich: And he kept dancing. He met a girl -- Miriam -- whom he later married.  He 

graduated and then his father died. 

 

Erich Jarvis: He was shot.  So he was shot while he was sitting down.  Well, they think he was sitting 

down, near a cave. 

 

Robert Krulwich: James Jarvis was homeless, divorced.  He had been living in caves like this one that 

Erich visited in northern Manhattan.  They never found his killers. 

 

Erich Jarvis: This is the richness of what represented him. 

 

Robert Krulwich: Erich's dad collected rocks and fossils and odd specimens.  He was not a well man, 

but Erich visited him.  And more than his brothers and sister, he kept that 

connection. 

 

Valeria McCall (Erich Jarvis's Mother): Erich has always been the mediator out of his siblings. 

 

Robert Krulwich: When times were tough, they all had to live together at the grandparents' house. 

 

Erich Jarvis: ...that I euphemistically called "the refugee house" because everyone who had problems in 

the family would live in that house.  But it brought a whole bunch of cousins together -- 

an extended family that I basically not only had my brothers and sisters but also a whole 

bunch of cousins. 

 

Robert Krulwich: And from time-to-time, he took care of most of them.  This habit of partnering and 

supporting is fundamental to Erich.  But it's not a very common way to succeed in 

Science.  Science is a "me" culture: my paper, my lab, my discovery.  Erich was 

playing the "me" game very well.  But when a problem came up that could only 

be solved by bringing the many "me's" together, Erich would have to choose 

between bettering his career or his community. 

 

Here's the problem: this is a classic bird brain illustration by a German 

neurologist Ludwig Edinger in 1903.  The names that Edinger gave to these brain 

parts -- that have been used now for 100 years -- use Latin roots like "primitive", 

"ancient", not as smart as people suggesting that birds can't learn.  But if all birds 

have primitive brains, then how do you explain 'Betty the crow'? 

 

She's at Oxford University and a few years ago, scientists put a basket of 

delicious meat inside this cylinder.  The question was could Betty take the wire 

resting there and use it fish out the meat. 

 

Well, here's Betty picking up a wire that's straight.  So that's not going to work, 

but she's going to try.  And then -- jump forward a minute -- she's jamming the wire 

against the tray wall.  But look!  you see, it's bent now.  So she drops it in.  Success! 
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Erich Jarvis: I do think that this little bird is doing this with the intent to get the food. 

 

Robert Krulwich: So she's bending it, to get ...? 

 

Erich Jarvis: Bending it to get the food.  I do believe that. 

 

Robert Krulwich: So they tried 10 times more.  Here, Betty is bending the straight wire by walking and 

pushing.  And 9 out of 10 times, she did make a tool that worked. 

 

Harvey Karten: That's tool making! 

 

Robert Krulwich: Harvey Karten -- a leader in this field -- thought "Hmmmm." 

 

Harvey Karten: We hadn't normally even considered that birds were that capable. 

 

Robert Krulwich: Old Edinger -- with his century-old bias that birds are stupid -- apparently had it 

wrong.  And if his labels were calling birds "primitive" and "dumb", and then the 

bird goes off and plays chess, that leaves everybody including scientists confused. 

 

Erich Jarvis: I would get emails from other scientists who aren't aware of the problem.  Then they 

email me and say, "How could hummingbirds do all this complex behavior that you 

described with a brain dominated only by the primitive substance?" 

 

Robert Krulwich: Now, there aren't a lot of scientists who are passionate about this.  But the group that 

is really is!  So as necessary as it was, changing the names was likely to get very 

ugly if it could happen at all.  It would take someone who was collaborative by 

nature and might get all of these solo characters to dance to one beat.  It would 

take you know who.  

 

Erich Jarvis: I'll do it if you guys will let me do it. 

 

Robert Krulwich: I mean that's like... that's asking for trouble. 

 

Erich Jarvis: I felt that it was necessary.  And it was my naiveness of a young professor coming to 

Duke, you know?  This just has to change.  It was a moral thing for me to do.  

Changing these names wasn't easy. 

 

Robert Krulwich: First he got them together by email and it turned out... well, it was a complete mess. 

 

"I am simply shocked," said one.  "My name should not appear," says another.  "I 

don't want to make this personal," says one of them, "but blah, blah, blah..." 

 

And when they got together, things didn't go much better.  

 

Dr. Sarah Durand (LaGuardia Community College): ...people running to get the dictionaries.  And 

then the developmental neuroanatomists were supporting this viewpoint.  And then 

the functional neuroanatomists were saying, "No, but that's peripheral to the 

common understanding."  So we had great, great, drama.  And I remember Erich 

kind of watching it all. 
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Robert Krulwich: And it is exactly at this moment that Erich's lifetime of training kicks in. 

 

Harvey Karten: Erich managed to let people voice their say.  He did it in a very, very intelligent way.  

He knew when not to talk.  And he knew when to listen. 

 

Robert Krulwich: When they shouted, he did this.  When they stomped, he did that.  They quit, he 

turned.  They screamed, he twirled.  And by the end of the conference with 

Erich's leadership, they came up with new names that everyone had agreed upon. 

 

Harvey Karten: Oh, it would not have happened.  I honestly don't think that it would have happened at 

this time without him. 

 

Erich Jarvis: It has been accepted.  At least a hundred papers have been published since on bird brains.  

And I would say about 95-98 percent of them -- and I'm trying not to be too 

conservative here -- have used the new nomenclature. 

 

Robert Krulwich: Now you might think that a triumph like this under his belt would have been a good 

thing for Erich.  But Erich may in fact have to pay a price for his contribution. 

 

Erich Jarvis: I get criticized for it.  I get openly criticized for being too collaborative sometimes. 

 

Robert Krulwich: Erich is at the very moment in his career when his field would have him focus on his 

lab work and publishing to make his name.  There is less reward in science for those 

who have a talent for leading others.  

 

Harvey Karten: I think to some degree that he gave up some of the essential things that he might … 

we, several of us felt he should be concentrating on to get his own papers out rather 

than working on this.  But, you know, that's a choice he made. 

 

Erich Jarvis: What's most important for me is that the scientific accomplishment gets accomplished. 

 

Sarah Durand: He thinks broadly to see the Big Picture. 

 

Robert Krulwich: For Erich, this was his "Big Picture" -- the gathering of scientists to improve all their 

work. 

 

The photograph that I have in my mind shows you at the center of all these 

people.  Did you orchestrate that? 

 

Erich Jarvis: Yes, I did.  The reason for taking the photograph was to show the rest of the community -- 

the scientific community -- that we are in unison on this. 

 

Robert Krulwich: Ah. 

 

Erich Jarvis: Okay?  And then I thought about it.  I says, "Wait a minute.  This is not unison enough." 

 

Robert Krulwich: So the choreographer in Erich Jarvis took over.  He convinced these 28 scientists -- 

who'd been yelling at each other for the past 3 days -- that for the sake of unity, for 

the sake of Science, they needed to take one more step. 

 

Erich Jarvis: We hold hands, okay?  And so that then even shows more our unity. 
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Robert Krulwich: And perhaps it'll show some of the leaders in Erich's community that sometimes 

what even Science needs is a little more art. 

 

And a happy little postscript here:  Erich Jarvis was just awarded one of the 

National Institute of Health's coveted Pioneer Awards -- $500,000 a year to his lab 

for the next 5 years.  So he took the risk and somebody noticed. 

 

The great Harvard biologist E. O. Wilson said one of the things that makes us 

special "in good part makes us human," he wrote, "is that we have a deep, rich 

connection to other living things."  What he calls "biophilia" -- the love of other 

organisms.  And even if you get the creeps when you see a snake or a cockroach or 

a rat -- even if there are animals that you do not like -- chances are there are animals 

you love. 

 

And then there are some of you -- and we know who you are, because we sent 

our correspondent Rebecca Skloot to look -- there are some of you whose love for 

animals is... well, why don't you see for yourself. 

 

Rebecca Skloot (Correspondent): In this high-tech operating room, surgeons --  some of the top in their 

field -- prepare to remove a large tumor, probably malignant.  One doctor tests the 

laser that he'll use to burn away abnormal cells.  Another preps the patient for 

surgery.  Meet Comet, a 1-pound goldfish with skin cancer. 

 

Dr. Gregory Lewbart (North Carolina State University): Well, we can't operate under water so we put 

it on our anesthesia machine where it's out of the water.  Then the tubes go into 

its mouth.  And then the water -- with a little bit less concentration of anesthetic 

-- flows over the gills.  They stay asleep while we work on them.  I like to look 

at his gills.  See how nice and red they are? 

 

Rebecca Skloot: Dr. Greg Lewbart runs the World's first aquatic medicine residency program at North 

Carolina State University's veterinary school.  It's a new field, so he and his 

colleagues are big on firsts: first fish laser surgery, first study on fish pain 

management.  They even invented the machine that's keeping Comet knocked out. 

 

Greg Lewbart: We can do radiographs or X-rays.  We do ultrasound, CAT scans.  We can even do 

MRIs.  I don't think there are any limits on it other than what physically can be done 

with that animal and then what the owners can afford or are willing to spend. 

 

Rebecca Skloot: And apparently, they're willing to spend a lot -- anywhere from a few hundred to a 

couple thousand dollars.  But why pay for laser surgery on a goldfish?  Comet's 

probably worth about 10 cents. 

 

Here's something that might surprise you.  More Americans own fish than dogs or 

cats these days.  But what's more interesting is that people's attitudes about fish are 

actually changing.  They're not just things you keep around the house for decoration 

anymore.  These are pets.  Companions that people bond with and care about. 

 

Debbie Corpuz has 27 fish.  Some are "rescue fish" -- ones she found flopping in a 

field after kids turned over their tank or party favors she saved from wrongful death by 

toilet flushing. 
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Do different fish have different personalities? 

 

Debbie Corpuz (Fish Owner): Oh yes, yes!  Some are like this guy -- he's very bold and outgoing.  You 

know, I talk to him and tell him what's going on.  And he would, you know, come up 

to the surface and just listen to me.  He really responds to people. 

 

Greg Lewbart: I really do think there is a human-fish interaction.  Fish are pretty smart.  I don't think 

we give them enough credit a lot of times.  They can be trained to do some pretty 

amazing things.  There's a book that teaches you how to train your goldfish to swim 

through a hoop, to fetch, to play basketball. 

 

So I can see that mass a lot better now. 

 

[StealthSkater note: perhaps more impetus for us to become vegetarians, eh?  Maybe all Life is 

sacred as certain religions have long prophesized.] 

 

Rebecca Skloot: Today there are more than 2,000 fish vets.  So if your goldfish gets a buoyancy 

disorder that leaves it swimming perpetually upside down, someone can implant a 

piece of cork on your fish's back.  Like a floatation device that flips it right side up.  

And if your fish loses a fight, there's always glass eye implantation to make it 

beautiful again. 

 

Greg Lewbart: When someone brings their fish in to me, I look at that fish like it's their dog or it's their 

horse. I think if they could pick them up and hold them they would.  

 

Rebecca Skloot: Dave Smothers will tell you he really loves his fish.  He raises koi -- the mythical 

Japanese carp that fill decorative ponds.  Some just look like big goldfish; others are 

the elegant koi he wins trophies with at fish shows.  They can be worth tens of 

thousands of dollars.  But for Smothers, it's not about the money. 

 

David Smothers (Koi Owner): I would do anything I could to try to help these fish because they are our 

pets.  And you do attach to them emotionally. 

 

Rebecca Skloot: In the summer of 2001, lightning struck near Smothers' pond, sending a violent 

electrical current into the water.  It nearly killed "Ladyfish" -- one of his favorites.  

They did a series of CAT scans.  Her back was broken. 

 

David Smothers: The fish certainly was going to die.  There was no doubt about that. 

 

Greg Lewbart: The decision was made to bring her to surgery -- a neurosurgeon and an orthopedic 

surgeon.  The surgeons weren't able to straighten the spine.  But they were able to 

stabilize it using screws and wires and some surgical epoxy -- or cement -- that 

actually is implanted above the spinal column inside of the fish. 

 

Rebecca Skloot: What was it that made you want to do that? 

 

David Smothers: This fish would never be a show fish now because of the deformity.  I just wanted the 

fish to live out its natural life as best she could -- swimming around with her 

buddies in the pond. 
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Greg Lewbart: When I was in veterinary school, if someone had brought their fish into the clinic for 

abdominal surgery, it would have like blown a lot of people away.  Now if I bring a 

fish and wheel it through the clinic, you know … it's not as huge of a deal. 

 

Rebecca Skloot: Okay, so maybe fish surgery still sounds a little crazy.  But think about this.  In the 

1930s, you were crazy if you took your dog to the vet.  You didn't treat those -- you 

shot them.  And in the 1980s, taking your bird to the vet was completely ridiculous.  

Now avian medicine's mainstream.  So maybe 20 years from now, your grandkids 

will be taking their snails to the vet and saying "Can you believe people used to flush 

fish down the toilet?" 

 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

 

III.  Ask the Expert -- David Deamer 

 

David Deamer answered selected viewer questions about artificial life research and how it relates to 

Earth's earliest life-forms on October 21, 2005.  Note that we are no longer accepting questions, but 

please see our links and books section for additional information on artificial life.  Included are : 

● National Human Genome Research Center 

● Howard Hughes Medical Institute Artificial Life Research 

● The Virtual Library of Biochemistry and Cell Biology 

● Genome News Network 

● NASA Astrobiology 

● International Society of Artificial Life 

● Erich Jarvis' Lab at Duke University 

 

 

Q: Hello, my name is Abby.  I watched your NOVA program and was excited to hear that one day 

scientists might be able to make a real, living creature.  If this happens, would it be possible to 

make a dragon?  Abigail Harper (age 11), San Ramon, California 

 

A: Hi Abigail, 

 

I love the idea of making a dragon!  But flying, fire-breathing dragons are most likely mythical 

rather than real animals, so I'm not sure how we would design a dragon.  Another problem is that we 

still don't know for sure how to make a simple little bacterial cell.  I'm afraid that making a dragon is 

far in the future. 

 

Q: My question has to do with irreducible complexity and ultimately with the Intelligent Design vs. 

Natural Evolution debate. 

 

The problem is this:  Coded in all DNA are the instructions to build the enzymes that allow the 

DNA to replicate itself.  Therefore it's difficult not to require the assumption that the first "proto-

DNA" molecules assembled themselves with this self-replicating machinery already fully in place.  

Otherwise how would the first DNA have propagated itself? 

 

How do biochemists and geneticists account for this apparent "chicken-or-egg first" quandary?  

And what evidence do they adduce to back up this accounting?  Finally, might there exist natural 

environments on Earth where self-replicating molecules or extremely simple forms of life are 

spontaneously emerging now?  Robert Shaw, Oklahoma City, Oklahoma 

mailto:deamer@chemistry.ucsc.edu
http://www.pbs.org/wgbh/nova/sciencenow/3214/resources.html#h01
http://www.genome.gov/
http://www.hhmi.org/resources/science_now/artificial_life.html
http://www.biochemweb.org/lipids_membranes.shtml
http://www.genomenewsnetwork.org/
http://astrobiology.arc.nasa.gov/
http://mitpress.mit.edu/catalog/item/default.asp?ttype=4&tid=41
http://www.jarvislab.net/
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A: Dear Rob, 

 

You bring up some interesting and important questions.  They can't be answered yet, but we are 

making a little progress.  Your initial point assumes that a DNA-RNA-protein world sprang into 

existence spontaneously.  And this seems unlikely, as you noted. One way out of the conundrum is 

to consider that simpler forms of genetic information and catalysts were components of primitive 

cellular life.  For instance, certain kinds of RNA are called ribozymes because they can act as 

catalysts.  They can also carry genetic information in their base sequence.  This has led to the 

suggestion that an RNA world came first in which RNA served both as a catalyst and as a genetic 

material.  David Bartel and his co-workers have, in fact, discovered a ribozyme that can copy a 

sequence of 14 nucleotides.  If we can ever find a ribozyme that is able to copy itself entirely, this 

would solve the "chicken-egg" problem. 

 

In regard to your second question about whether simple forms of life may still be appearing, 

probably not because they would quickly be devoured by more advanced life that inhabits the Earth 

today.  However, I think we can learn something by adding simple chemicals to geothermal 

environments and looking for both degradative and synthetic reactions.  In my research supported by 

the NASA Astrobiology Institute, we are carrying out such experiments in Kamchatka, Iceland and 

most recently Mt. Lassen, California as shown in the NOVA program. 

 

You also mentioned the Intelligent Design (ID) question.  Just last week, I participated in a 

forum with Paul Nelson and Robert D'Agostino.  Both are proponents of ID.  My main point against 

teaching ID as an alternative to evolution is that ID does not qualify as "science".  It is an opinion 

based on religious convictions -- not on factual evidence.  Nor can it be tested in the usual way.  

[StealthSkater note: … and opinions are the proverbial "dime-a-dozen", although perhaps one 

day they will be able to prove such a conviction by scientific means.  In that day, we may find 

that what we considered "supernatural" can be explained by a post-quantum physics of the 

Star Trek "Q-continuum" type where consciousness never dies and time has no meaning in the 

'Multiverse'.] 
 

Q: Supposing the experiment to create artificial life succeeds.  To what extent will the fact that our 

intellect is responsible for the creation of life explain the origins of life on Earth?  Everything 

considered, wouldn't this be like building a complex machine from its parts with an instruction 

manual?  Or is there more to it?  George Marvin, Mexico 

 

A: Dear George, 

 

You are right on target.  The first kinds of artificial life in the laboratory will use components 

like ribosomes that we don't yet know how to make from simpler materials.  In other words, it will 

be an engineering approach using a tool kit and instruction manual provided by living organisms. 

 

But we are also looking for self-assembly processes that can lead to structures exhibiting certain 

properties of Life.  A simple example is the self-assembly of lipids into cell-sized membranous 

vesicles.  We did not know this was possible until it was first demonstrated in the 1960s.  We are 

now trying to find ways in which self-assembly processes can make polymers of Life.  For instance, 

Jim Ferris and his co-workers have shown that nucleotides can assemble on clay mineral surfaces in 

such a way that short polymers of RNA are produced. 

 

Q: I was going to begin a science fair project regarding this subject.  It involves the artificial synthesis 

of Life in a simulated early Earth environment and other planets.  It would be modeled like the 
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Miller-Urey Origin of Life experiment.  If you have any suggestions about how to go about doing 

my project, it would be greatly appreciated.  Thank you for taking the time to read this. Andrew, 

Texas 

 

A: Hi Andrew, 

 

This would be pretty complicated because you will require a source of hydrogen gas, methane, 

and ammonia as well as a high voltage electrical spark to drive the reaction.  You would need to be 

very careful since hydrogen and methane are explosive under certain conditions! 

 

I can suggest something simpler.  But it depends on what equipment you have to work with.  Do 

you have access to a microscope and digital camera?  If so, you might try making lipid vesicles from 

lecithin that you can buy at a health food store.  For cellular life to begin, some sort of cell 

membrane is required.  And there are quite a few experiments you can do with lecithin that are 

related to the origin of Life.  You can use the digital camera to take photos right through your 

microscope.  If you would like to try this, please visit my Web page at the University of California, 

Santa Cruz and send me an email. 

 

Q: What would you predict to be the earliest form source of energy for the first lif- forms -- 

chemosynthetic (energy from inorganic molecules) or heterotrophic (energy from organic 

molecules)?  Dr. James Backer, Daytona Beach Community College 

 

A: Dear Dr. Baker, 

 

Good question, and I have given this some thought over the years.  Chemosynthetic energy is 

available almost everywhere.  Modern microbial life makes good use of it even in environments such 

as hydrothermal vents.  However, using this energy requires a membrane that can maintain a 

chemiosmotic gradient of protons, so the first cells would need a source of lipid-like molecules as 

well as an electron transport process that can pump protons. 

 

Heterotrophic energy may have also been available if we assume that organic compounds were 

present on the early Earth.  The question is how to capture the chemical energy and keep it in one 

place.  So again a membrane compartment is needed.  We should also consider light energy, which 

requires both a membrane and pigment molecules for it to be captured.  I don't think we know 

enough to make an informed choice yet, so all 3 energy sources should be investigated. 

 

[Editor's note: Below are 2 related questions that Dr. Deamer answered in one response.] 

 

Q: Define 'Life'.  When we finally encounter 'it' elsewhere, how can we be sure 'it' is alive?  A.C. Clark 

wrote of a distant planet with living crystals that took a thousand years to form a thought.  Is that 

crystal alive?  And how will we know if 'it' is 'real' or "Memorex" (i.e., artificial)?  Rick Freeman, 

Louisville, KY 

 

Q: 1.How does one distinguish between Life and non-life? 

2.What are the basic requisites for life?  David Greenberg, Cincinnati, OH 

 

A: Hi Rick and David, 

 

You are asking a question that many scientists are also thinking about.  There doesn't seem to be 

an easy answer that satisfies everyone.  Life is a very complex phenomenon, so a definition must 
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reflect the complexity.  I tried to do this for the first cellular life and I came up with the following, 

which is more a "description" than a definition: 

 

● Boundary membranes self-assemble from soap-like molecules to form microscopic cell-like 

compartments. 

 

● Energy is captured by the membranes either from light and a pigment system.  Or from chemical 

energy.  Or both. 

 

● Ion concentration gradients are maintained across the membranes and can serve as a major source 

of metabolic energy. 

 

● Macromolecules are encapsulated in the compartments.  But smaller molecules can cross the 

membrane barrier to provide nutrients and chemical energy for a primitive metabolism. 

 

● The macromolecules grow by polymerization of the nutrient molecules. 

 

● Macromolecular catalysts evolve that speed the growth process. 

 

● The macromolecular catalysts themselves are reproduced during growth. 

 

● Information is captured in the sequence of monomers in one set of polymers. 

 

● The information is used to direct the growth of catalytic polymers. 

 

● The membrane-bounded system of macromolecules can divide into smaller structures which 

continue to grow. 

 

● Genetic information is passed between generations by duplicating the gene sequences and sharing 

them among daughter cells. 

 

● Occasional mistakes (mutations) are made during replication or transmission of information so 

that the system can evolve through natural selection. 

 

[Editor's Note: The question of what defines life is also addressed in a light-hearted way at the top of 

this document in 'I. Let's Make a Microbe!']  

 

Q: Does research such as this affect the development of technology not related to creating synthetic life?  

I am thinking, for instance, of how mimicking the biological mechanisms in the rods and cones of an 

organic eye could help develop better cameras or whatnot.  Jon Kopp, Lakehurst, NJ 

 

A: Dear Jon, 

 

Yes, basic research often leads to unexpected discoveries that have practical applications as you 

mentioned above.  A good example is the discovery of semiconductors by someone doing basic 

research in physics.  Who would have guessed that this would lead to transistors, then computer 

chips and a trillion dollar industry? 

 

In my lab, we found that a protein called hemolysin could transport DNA across lipid bilayer 

membranes and we could detect each DNA molecule by a change of ionic current.  We are now 
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trying to make an artificial version of hemolysin that can sequence DNA at thousands of bases per 

second. 

 

Q: Are there any other 'duplicating' molecules on Earth that are not RNA or DNA?  Are there other 

known 'duplicating' molecules from the primitive Earth?  Anonymous, Florida State University, 

Tallahassee, FL 

 

A: RNA and DNA are the only compounds that we know of that have complementary base pairing 

which allows them to replicate. 

 

Q: It was said in the program that the time when Life will be derived in a lab is over the horizon or just 

around the corner.  Just how long will it be, really, until we actually see this artificially-derived life?  

Jason Kwon, Indianapolis, IN 

 

A: Hi Jason, 

 

The answer depends on how we define "artificial life".  If we take apart a bacterial cell and put it 

back together into a simplified organism, that might happen in the next 10 years.  But if you want us 

to start from scratch using as starting material chemicals like amino acids, nucleotides, phosphate, 

sugars, lipids and so on, that's a long way off.  The only thing that makes me think it's not an 

impossible task is that life seems to have started this way nearly 4 billion years ago on the early 

Earth.  If we can better understand how this happened, it might turn out to be easier than we think for 

a very simple form of Life to begin. 

 

Q: What are the materials you need to make DNA?  Kaitlin Larese (age 5), Albuquerque, NM 

 

A: Hi Kaitlin, 

 

Wow!  What a great question from a 5-year old!  You need phosphate, a kind of sugar called 

deoxyribose, and 4 chemicals called bases that have the letters 'A', 'T', 'G', and 'C'. If you link these 

together like beads on a string, you get DNA. 

 

Q: I like the idea of using Science to try and explain Life on Earth.  But do you ever think that all the 

research might go "too far" one day?  I'm concerned that in the future scientists might learn too much 

about how to create Life and upset the natural processes that occur.  Do you ever think that Nature 

should just take its course while we just study it, but not try and alter it or try and become as 

powerful as Nature?  Julie Groff, West Chester, PA 

 

A: Dear Julie, 

 

You have asked a very thoughtful question that falls into a new field called bioethics.  Let me 

say first that I don't think artificial life is much of a threat even though science-fiction writers love to 

scare us this way.  The reason is that we can already engineer existing forms of viruses and bacteria 

so that they are very dangerous.  So why bother making artificial life? 

 

The other part of your question is whether we should let Nature take its course -- study it but not 

try to control it.  I personally hope that the human race will learn to live on the Earth without 

damaging the environment any more than we have already.  On the other hand, if we let Nature take 

its course, we would still have smallpox and polio viruses killing people.  So it seems to me that we 

do need to control certain aspects of Nature, but we should also accept that we are part of Nature and 

that we must learn to take care of our natural world. 
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Q: When they were trying to get artificial life started by adding chemicals to conditions thought to exist 

on the early Earth, did they think about the possibility of adding a lightning strike?  This charge 

could add something that could be missing due to the possible chemical changes and the energy 

created by the lightning.  Just a thought.  Patrick, Macomb, MI 

 

A: Hi Patrick, 

 

That's a very good thought!  In fact, when Stanley Miller did his famous experiment in 1953, he 

found that amino acids could be synthesized by sparking a gas mixture with artificial lightning.  So 

you are on the right track. 

 

Q: First, I want to say that I love UCSC, and I am applying to be a freshman there next year as a bio 

major.  I was just wondering if there is a specific organism that the synthetic life is going to be 

modeled after?  Are researchers using pieces of another organism's genetic material to code for 

essential proteins?  Shane (high school senior), Grand Junction, CO 

 

A: Hi Shane, 

 

I think you will enjoy being a student at UCSC.  Please come by to say "hello" when you arrive 

next year.  To answer your questions, my guess is that we will use bacteria as a model for simple 

cells.  The first step will be to break apart bacterial cells and then try to put the pieces back together. 

 

One such experiment was recently performed by Vincent Noireaux and Albert Libchaber at 

Rockefeller University.  Their paper was published last year in PNAS [Proceedings of the National 

Academy of Sciences].  They broke up E. coli bacterial cells, then captured ribosomes and other 

molecular components in artificial lipid vesicles along with messenger RNA required for the 

synthesis of 2 specific proteins.  Their synthetic cells "lived" for up to 4 days by taking up nutrients 

from the growth medium and producing substantial quantities of green fluorescent protein and 

hemolysin.  The synthetic cells were not truly alive, however, since they could not grow or 

reproduce. 

 

Q: Will it eventually be possible to create completely original Life from scratch for specific purposes?  

How about a carpet cleaning mouse or a huge, beef-shedding creature?  Jesse Fagan, Colorado State 

University, Fort Collins, CO 

 

A: Hi Jesse, 

 

This possibility is a long, long way into the future, if ever.  But we can do a few things that are 

much simpler.  For instance, artificial genes have been inserted into bacteria with the result that they 

produced valuable proteins like insulin and growth hormone.  And the gene for a fluorescent protein 

has been inserted into goldfish to produce "GloFish" that you can buy over the Internet. 

 

 

[StealthSkater addendum:  Assuming that a physical artificial-life organism can be created, a key 

question unanswered in the above is how is consciousness (or "soul" if you prefer) is 

entwined/embedded with the physical molecules etc.  A hint at the answer may lie with the claims 

of Dan Burish (the "Ganesh particle") doc   pdf   URL  ; Bob Lazar (the "Government Bible") doc   

pdf   URL  ; and Dan Sherman ("Project Preserve Destiny") doc   pdf   URL .  For information of the 
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new models replacing the Inflationary part of the "Big Bang" (i.e., the so-called "Multiverse"), 

refer to doc   pdf   URL   and  doc   pdf   URL  .  

 

Stephen Hawking has formulated a "Wave Function of the Universe" model.  I wonder if it 

would be too much of a stretch to include consciousness in it as per the above-mentioned "Q-

continuum" reference?  I had read that some brain models focus more on the wave aspect of the 

electrical signals firing between neurons than the actual physical electrons (particle-wave duality).  

I suspect such consciousness models can be applied to Future/Present/Past and alternate timeline 

issues.  But don't ask me how … ] 
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