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Fleeing complexity: An interview with Christopher Miller

Transcript of a conversation between Elizabeth M. Adler and Christopher Miller1

1Department of Biochemistry and Howard Hughes Medical Institute, Brandeis University, Waltham, MA 02454

Transcript condensed and edited by EMA

EMA:	 Hi, this is Liz Adler, Executive Editor of The Journal of General Physiology. I’m in South Hadley, Mas-
sachusetts, at Mount Holyoke College, at the Gordon Research Conference on Ion Channels, speak-
ing with Chris Miller from Brandeis. Chris, thanks for taking the time to speak with me.

CM:	 It is an unalloyed delight, Liz.

EMA:	 As I understand it, you’ve devoted much of your career to studying proteins that move ions across 
membranes. You’ve studied ion channels and ion transporters and so forth. But I also understand that 
you started out your research career, trying to prove that the distribution of ions between cells and 
their environments has nothing to do with anything involving a cell membrane. Can you tell me about 
that?

CM:	 Well, yes, that’s very old history. I was a physics undergraduate student. And in my senior year, I took 
a class on biophysics. What we did was, we read papers of biophysics-type scientists in the Philadelphia 
area, where I was going to college. We would spend the week reading a couple of papers, and then at 
the end of the week, we would go visit those scientists in their labs.

One of the scientists we visited made an argument that all the ion pumps, like the sodium pump, vio-
late the First and Second Laws of Thermodynamics. So to me, you know, well, if that’s the case, they 
can’t be right.

Anyway, he was a very inspiring person, very articulate, a very appealing guy. So as a result of that week, 
I read his book and I became a convert. So I decided I would be his graduate student, so I joined his 
lab. Anyway, I set up my experiments essentially to try to make a crucial test of his theory. During the 
course of my thesis, it was an experience of sort of picking my way out of an intricate, self-consistent 
theory that simply, as I learned slowly, didn’t correspond to the outside world.

It was a very important experience for me, because it really showed me the danger of being religiously 
attached to one’s own ideas. Because that’s what I came to realize. This was a man who was a brilliant 
scientist, a really good experimentalist who, as a senior scientist, was still doing experiments in the lab. 
He was a kind person, he was a fair person, but he was attached to a theory, and he could not shake it.

And that was a pretty good experience to have early on in a scientific career.

Well, of course, it also gave me my basic interest that has prevailed through my entire career, of ques-
tions like, “Gee, what’s the difference between sodium and potassium that they can be handled so 
differently by cellular proteins?”
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So the upshot is that I ended up doing a postdoc in a totally different kind of scientific environment, 
which is, I went to Ef Racker’s lab, and he was doing work on transport proteins but in exactly the op-
posite way. Racker said, “Let’s break it down, purify the individual components, put them back to-
gether into membranes.” Well, that’s what biochemists do. But he was a biochemist of membrane 
transport. He was one of the early ones.

So, that was so much fun to be there, and learn how to do that, and to be freed from the immense 
complexity of the cell. It felt like a real liberation for me. So my two years in Racker’s lab was really 
wonderful, and it set me on my path to be working on reconstituted systems and purified proteins, 
and staying away from the complexity of the cell.

And of course, that means I’m not dealing with biology per se in my work.

EMA:	 Right.

CM:	 I’ve always run away from biology. It’s always been too overwhelming for me.

EMA:	 So once you got settled on an approach and a way of doing things, did you have a favorite series of 
experiments or problem that you worked on? Or is it just the one that you’re currently on?

CM:	 I guess it was always the one I was on. Because the only thing that ever drew me to a problem was self-
indulgent aesthetics. It’s what I wanted to do. It rarely had anything to do with the importance of the 
system or the biology of the system.

You know, at the beginning, I was working out a technique—a technique to put ion channels into 
artificial membranes, and be able to do the biochemist analog of patch recording.

And it was really exciting to be able to actually see single channels in those days. Just seeing them. It 
almost didn’t matter what they were; you know, I saw my first single channels in 1975, when I was still 
a postdoc. That was my first system, and I just thought, “Well, what is it?” We didn’t know what the 
channel was, and it was from sarcoplasmic reticulum membranes. It wasn’t expected to be there; it was 
a potassium channel, and I just said, “Well, this is an interesting model system, maybe, where we can 
look up-close in a defined system.”

Of course, I was looking for calcium [transporters], and only found potassium channels.

EMA:	 Huh.

CM:	 But that sort of gave me my first project to work on as an independent investigator at Brandeis. And 
that run lasted about five years. It gave me about five years of work until I got bored with it.

But by that time, there was this other system that I had developed, the CLC-0 system, the Torpedo chlo-
ride channel.

EMA:	 Oh, the first one was Torpedo. I didn’t know.

CM:	 Yes, that came from the Torpedo. The funny thing is, this SR potassium channel . . . one of the great 
things that happened to me early on in my career is that nobody believed this. They thought this was 
some artifact, so I wanted to show that I could take a system where we knew what the channel was, and 
to show that the system will show that. And, obviously, the Torpedo electroplax was where you get your 
acetylcholine receptor. I wasn’t purifying proteins in those days, but just purifying the membranes, 
and then fusing them into bilayers to just show everybody, “Oh, no, the system works! You can get 
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acetylcholine receptors!” The first experiments, what I got: chloride channels that nobody knew were 
there. And I never saw an acetylcholine receptor. Never.

	 But then, that led to this work on chloride channels, which continues to this day, in fits and starts, and 
it’s very satisfying and fun.

EMA:	 So you started looking for ER calcium transporters, and found potassium channels, and then you 
looked for Torpedo nicotinic acetylcholine receptors, and found chloride channels . . .

CM:	 Right. And so it raised the question early on: If you are looking for something and you don’t find it, 
and you find something else that you have no idea what it is, what should you do? There are two pos-
sibilities. You ignore the thing you don’t want to see and keep trying to look for the thing that should 
be there. Or, you can study the thing and ask, What is that thing?

EMA:	 Right.

CM:	 And, of course, I took always the line of least resistance, which was to work on the thing that I could 
see. And, luckily, those all turned out to be interesting. And they were idiosyncratic enough, weird 
enough . . . in one way, every system I’ve ever worked on has a weirdness associated with it that actually 
is why I find it fun. The weirdness of the Torpedo channel showed itself pretty early on, as being this 
double-barreled thing that had never been seen in the channel world before, so that provided a lot of 
controversy to argue about, but also a lot of fun.

And, as I said, the thing that in my earliest days, my first five years, that was really good, is that nobody 
believed what I was doing was meaningful.

EMA:	 Really?

CM:	 Yeah. They’d just say, “This bilayer is not physiological; it’s this or that, and it’s an artifact.” And that 
was really good for me. I knew that it was meaningful, to me at least, because it was fun to work on, 
and it was reproducible, and it had overtones of what real channels that we knew about did. So I knew 
that there was something real there. But it meant that, as a beginning assistant professor with, you 
know, one graduate student and one technician and me—six hands—we weren’t going to have any 
competition.

And that was really good. I could kind of take things at my own pace without feeling that a lot of 
people might want to work on the same system.

EMA:	 Right.

CM:	 Nobody wanted to work on my system. They thought it was an artifact. So it gave me five years of free-
dom, and that was really great.

EMA:	 I guess most recently you’ve gotten interested in fluoride channels and transporters.

CM:	 That’s very recent, yes. We stumbled about two years ago into this subject of fluoride transporters and 
channels. It was a completely unexpected thing. Before that, fluoride was considered to be a biologi-
cally irrelevant ion, except maybe . . .

EMA:	 Except for your teeth.

CM:	 . . . for your teeth.
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But there wouldn’t be membrane systems to handle fluoride transfer. And we now know that that’s 
not the case. There’s a whole membrane biology of fluoride transport. And it’s not something that 
animals use. It is something that only microorganisms use to protect themselves against the direct 
exposure that they suffer to an environmental aqueous fluoride ion, which is an inhibitor of impor-
tant basic enzymes in energy metabolism and nucleic acids.

EMA:	 So there’s enough around to . . .

CM:	 There’s on the order of tens of micromolar to 100 µM in groundwater, seawater, soil, everywhere. And 
it’s been there since the beginning of evolutionary time.

EMA:	 Huh.

CM:	 It’s extracted from the rocks. It’s part of our environment. But it is an inhibitor of key enzymes in cel-
lular metabolism. We don’t have to worry about it, because we excrete it. But a unicellular organism 
directly exposed to it has to be able to have systems that will keep the cytoplasmic concentration low 
so that it doesn’t go above the inhibitory levels of these enzymes.

EMA:	 Right.

CM:	 So, it’s only two years into this now, but it’s really fantastic. Everything you find is new.

In a way, it reminds me a little of the SR potassium channel, where it was a whole new world, and 
anything I would find would be interesting, because it had never been seen before.

This is also a very good lesson in how the collision of completely different areas in science—that are 
seen to be totally unrelated—can give rise to something new. I actually got pushed into this by a scien-
tist at Yale, Ron Breaker, who is an expert in riboswitches, which are little sequences, 60–80-nucleo-
tide sequences used by many bacteria, at the RNA level, to control gene expression.

And the way they do it is, the RNA forms a structure, which can be changed by the binding of a ligand—

EMA:	 Uh-huh.

CM:	 —which then will either turn on or turn off downstream genes. And he identified a riboswitch that 
was turned on by fluoride anion.

EMA:	 Huh.

CM:	 And it turns out that these riboswitches controlled the gene expression of not only the levels of these 
fluoride-inhibitable enzymes, but also an unknown transporter . . .

EMA:	 Oh, right, to get it out.

CM:	 . . . that, Ron then hypothesized, was an exporter for fluoride.

And he called me and he said, “Here’s what I found, and a reviewer of this paper is giving us trouble 
because we don’t have any protein level argument to say this thing’s a transporter.” And, as it hap-
pened, we had already been working on one of these transporters, not knowing what it was. We 
thought it would be a ClC. It turned out this one that started the whole thing was in a funny, distant 
clade of the bacterial ClC. We were trying to express lots of homologues for crystallization, and we 
noticed this clade because it had some funny sequence characteristics, and we made some of these, we 
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expressed some of these, and they expressed quite nicely and we could purify them—but they were 
inactive.

And it was just around that time that Ron gave me this call and said,

“Could you help us out, and would you be willing to do a few assays if we . . .” and I said,

“What’s the system you’re using?” and he said,

“Well, it’s this gene from Pseudomonas,” and I said,

“My God, we’ve got that in the freezer. We’ve already got it reconstituted, and it’s inactive for chlo-
ride.” So the next day, my postdoc, Randy Stockbridge, who was doing this, got it out. Put in fluoride 
instead of chloride. Boom! So that’s what kicked off the whole thing and got us into this.

EMA:	 What an amazing story.

CM:	 It’s the most astonishing scientific coincidence I’ve ever experienced. And it was really just so much 
fun, and it’s been fun to keep in contact with Ron Breaker, who is working on these in a genetic con-
text and is doing beautiful work. But it was an incredible coincidence, and it got us into fluoridology, 
which is very interesting because fluoride is such a weird, chemically weird anion.

And then, now, with this fluoride channel that we’ve been studying and that Randy has been working 
up very recently, that has its own new kind of weirdness. It’s the only channel that’s ever been seen 
that’s built as an anti-parallel homodimer in the membrane. So, it’s been very exciting in the last few 
months to begin to see the structures of these things. We’ve been able to crystallize them and begin 
to do some structural work with it.

That’s what I’m working on now. Again, it’s the weirdness of the system that I always find attractive, 
that makes it fun to work on.

EMA:	 Do you have anything else you’d like to say that I haven’t thought to ask you or bring up?

CM:	 Since this is being recorded [laughs] and it’s presumably there to provide some supposed wisdom 
from those with experience [laughs], I would just say that I still think, despite the dictates of the awful 
funding situation and the translational terrorism that we have coming down from the NIH, that will 
only get worse in the future, I still think that scientists should trust their own aesthetic pleasure in the 
systems they work on, and not feel they should be forced to work on something that other people 
think are important.

Because that’s where most of the real novelty comes from, the out-of-the-box thinking and all of that. 
That people unburdened by too much knowledge can do things that the experts like me would say, 
“Oh, no, that will never work and don’t try it.”

	 You work on things because you like them, because they are interesting, I think there’s always a good 
chance that something novel will come out of it that other people will also be interested in and that 
will start to bloom. Not to be afraid to trust your own sense of scientific aesthetics and not to be led 
astray by what is considered to be a hot system and an important system and all of that. I guess that’s 
what I would like to say in ways of gratuitous advice.

EMA:	 Well, great. Well, thanks, Chris.



http://JGP-soundsphys.rupress.org

A r t i c l e s  c i t e d  a n d  s u g g e s t i o n s  f o r  f u r t h e r  r e a d i n g

Miller, C. 1978. Voltage-gated cation conductance channel from fragmented sarcoplasmic reticulum: Steady-state elec-
trical properties. J. Membr. Biol. 40:1–23. http://dx.doi.org/10.1007/BF01909736

Miller, C., and R.L. Rosenberg. 1979. Modification of a voltage-gated K+ channel from sarcoplasmic reticulum by a 
pronase-derived specific endopeptidase. J. Gen. Physiol. 74:457–478. http://dx.doi.org/10.1085/jgp.74.4.457

White, M.M., and C. Miller. 1979. A voltage-gated anion channel from the electric organ of Torpedo californica. J. Biol. 
Chem. 254:10161–10166.

Coronado, R., R.L. Rosenberg, and C. Miller. 1980. Ionic selectivity, saturation, and block in a K+-selective channel from 
sarcoplasmic reticulum. J. Gen. Physiol. 76:425–446. http://dx.doi.org/10.1085/jgp.76.4.425

Labarca, P., R. Coronado, and C. Miller. 1980. Thermodynamic and kinetic studies of the gating behav-
ior of a K+-selective channel from the sarcoplasmic reticulum membrane. J. Gen. Physiol. 76:397–424.  
http://dx.doi.org/10.1085/jgp.76.4.397

Coronado, R., and C. Miller. 1982. Conduction and block by organic cations in a K+-selective channel 
from sarcoplasmic reticulum incorporated into planar phospholipid bilayers. J. Gen. Physiol. 79:529–547.  
http://dx.doi.org/10.1085/jgp.79.4.529

Miller, C. 1982. Bis-quaternary ammonium blockers as structural probes of the sarcoplasmic reticulum K+ channel. J. 
Gen. Physiol. 79:869–891. http://dx.doi.org/10.1085/jgp.79.5.869

Miller, C. 1982. Open-state substructure of single chloride channels from Torpedo electroplax. Philos. Trans. R. Soc. Lond. 
B Biol. Sci. 299:401–411. http://dx.doi.org/10.1098/rstb.1982.0140

Anderson, C.S., R. MacKinnon, C. Smith, and C. Miller. 1988. Charybdotoxin block of single Ca2+-
activated K+ channels. Effects of channel gating, voltage, and ionic strength. J. Gen. Physiol. 91:317–333.  
http://dx.doi.org/10.1085/jgp.91.3.317

MacKinnon, R., and C. Miller. 1988. Mechanism of charybdotoxin block of the high-conductance, Ca2+-activated K+ 
channel. J. Gen. Physiol. 91:335–349. http://dx.doi.org/10.1085/jgp.91.3.335

Richard, E.A., and C. Miller. 1990. Steady-state coupling of ion-channel conformations to a transmembrane ion gradi-
ent. Science. 247:1208–1210. http://dx.doi.org/10.1126/science.2156338

Stampe, P., L. Kolmakova-Partensky, and C. Miller. 1994. Intimations of potassium channel structure 
from a complete functional map of the molecular surface of charybdotoxin. Biochemistry. 33:443–450.  
http://dx.doi.org/10.1021/bi00168a008

Middleton, R.E., D.J. Pheasant, and C. Miller. 1994. Purification, reconstitution, and subunit compo-
sition of a voltage-gated chloride channel from Torpedo electroplax. Biochemistry. 33:13189–13198.  
http://dx.doi.org/10.1021/bi00249a005

Middleton, R.E., D.J. Pheasant, and C. Miller. 1996. Homodimeric architecture of a ClC-type chloride ion channel. 
Nature. 383:337–340. http://dx.doi.org/10.1038/383337a0

Heginbotham, L., M. LeMasurier, L. Kolmakova-Partensky, and C. Miller. 1999. Single streptomyces livi-
dans K+ channels: Functional asymmetries and sidedness of proton activation. J. Gen. Physiol. 114:551–560.  
http://dx.doi.org/10.1085/jgp.114.4.551

Maduke, M., C. Miller, and J.A. Mindell. 2000. A decade of CLC chloride channels: Structure, mechanism, and many un-
settled questions. Annu. Rev. Biophys. Biomol. Struct. 29:411–438. http://dx.doi.org/10.1146/annurev.biophys.29.1.411

Accardi, A., and C. Miller. 2004. Secondary active transport mediated by a prokaryotic homologue of ClC Cl2 channels. 
Nature. 427:803–807. http://dx.doi.org/10.1038/nature02314

Miller, C. 2006. ClC chloride channels viewed through a transporter lens. Nature. 440:484–489.  
http://dx.doi.org/10.1038/nature04713

Baker, J.L., N. Sudarsan, Z. Weinberg, A. Roth, R.B. Stockbridge, and R.R. Breaker. 2012. Widespread genetic switches 
and toxicity resistance proteins for fluoride. Science. 335:233–235. http://dx.doi.org/10.1126/science.1215063

Stockbridge, R.B., H.H. Lim, R. Otten, C. Williams, T. Shane, Z. Weinberg, and C. Miller. 2012. Fluoride resis-
tance and transport by riboswitch-controlled CLC antiporters. Proc. Natl. Acad. Sci. USA. 109:15289–15294.  
http://dx.doi.org/10.1073/pnas.1210896109

Stockbridge, R.B., J.L. Robertson, L. Kolmakova-Partensky, and C. Miller. 2013. A family of fluoride-specific ion chan-
nels with dual-topology architecture. eLife. 2:e01084. 

Stockbridge, R.B., A. Koide, C. Miller, and S. Koide. 2014. Proof of dual-topology architecture of Fluc F2 channels with 
monobody blockers. Nat. Commun. 5:5120. http://dx.doi.org/10.1038/ncomms6120


