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ABSTRACT

Em| Smth begins this interview by discussing his famly

background and chil dhood in New York City. Smth learned to play
t he saxophone during high school and | ater earned noney for college
by playing concerts on weekends and holidays. Attending Col unbi a
Uni versity, he studied biology under Selig Hecht. 1In 1938, he
recei ved a Guggenheimfell owship to Canbridge University, where he
worked in David Keilin's |aboratory. The outbreak of World \War |
in Europe forced Smith to return to the U S., where he wrked at
Yal e, the Rockefeller Institute, and later, E. R Squi bb & Sons.
Smth accepted a position at the University of Uah and was a
faculty nmenber in both the departnment of biochem stry and nedi ci ne.

He was | ater chairman of biological chemstry at the UCLA Schoo
of Medicine. Smith concludes the first interview by describing his
activities after retirenment activities.

In the second interview, Smth describes his research
i nterests, which have included work with peptidases,
i mmunogl obul i ns, cytochromes, subtilisin, histones, and gl utamate
dehydr ogenases. He di scusses his involvenent with the
International Union of Biochem sts and the American Chem cal
Society. Smth concludes this interviewwth a recollection of
his neeting with Chou En-lai concerning scientific exchange
between the United States and China.

I NTERVI EVEER

James J. Bohning is Professor of Chemi stry Enmeritus at
W1l kes University, where he was a faculty nenber from 1959 to
1990. He served there as chem stry departnent chair from 1970
to 1986 and environnental science departnent chair from 1987 to
1990. He was chair of the American Chem cal Society’s Division
of the History of Chem stry in 1986, received the D vision' s
out st andi ng paper award in 1989, and presented nore than twenty-
five papers before the Division at national neetings of the
Society. He has been on the advisory commttee of the Society’'s
National Historic Chem cal Landmarks conmittee since its
inception in 1992. He devel oped the oral history program of the
Chem cal Heritage Foundation beginning in 1985, and was the
Foundation’s Director of Oral Hi story from1990 to 1995. He
currently wites for the Anerican Chem cal Society News Service.
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| NTERVI EVEE: Em!| L. Smth

| NTERVI EVEER: James J. Bohning
LOCATI ON: University of California, Los Angeles
DATE: 19 June 1991

SM TH:  Twenty-ni ne years ago, when | was noving to California,

t hrew out an enornous anount of material that | didn't feel
needed anynore. Since then, | have donated books, papers and
correspondence pieceneal to the University of Utah Archives.

|'"ve been able to discard things I don't need any | onger,

i ncl udi ng many vol unmes that the University of Utah can nake good
use of because of the inadequacy of their historical collections.
| gave them sonething |like two hundred bound vol unmes of reprints
in the field of biochemstry. It is an invaluable set which

coll ected over many years. One of the mamin reasons that | had

t hese bound was that | found that if | had | oose reprints and |
gave one to a student, it was never returned unless | yelled.

But if | had them bound, ny secretary could keep track of the
bound vol unes, and | always got them back. [laughter] These

i ncl ude papers of many of the great nanmes in twentieth century

bi ochem stry. | got nost of these reprints because we were
witing the Principles of Biochemstry. It was easier than going
to the library and carrying home a big fat bound volume for the
few papers | had to read.

BOHNI NG  Professor Smith, | know you were born on July 5, 1911
in New York. Could you tell me sonething about your parents and
your fam |y background?

SMTH  Their history is very sinple. M father left what was
then the Russian UWkrai ne sonetinme around the turn of the century
because of the obvious reasons of oppression and | ack of

educati onal or econom c opportunities. He lived in England for
about a year and finally cane to the United States because he
couldn't stand the climate in England. M nother was born in
White Russia (Belorussia), hundreds of mles fromny father's
area. She cane to this country when she was quite young, sixteen
or seventeen years of age. They met in New York City through
mutual friends. |'mnot sure of the exact circunstances. They
were married in 1906 and ny brother was born in 1907.

My father was trained as an apprentice |adies' tailor.
There weren't that many professions open to people of Jew sh
ancestry. You couldn't live in the big cities, you couldn't own
l and, you couldn't do this, you couldn't do that. The
educati onal opportunities were closed. He was apprenticed



through a relative, and | earned how to beconme a skilled tail or,
and he had that skill when he was drafted into the Czar's Arny.

At that tinme the customwas that you were paid practically
nothing in the Army and you were given a ration of bread and salt
and a few other things. But you were allowed, on your own tine,
to earn noney, and he earned his noney by nmaking clothes for sone
of the officers who paid for them They bought the materials and
t he supplies and he was allowed to use the machines to put
together these things. It was because of his friendliness with
one of the officers that he was tipped off to | eave the country
because word had gotten around that he was carrying on agitation
agai nst the Czar's governnent. He was quartered in Poland at
that tine, and the Poles were very anti-Russian, so that with a
little noney and a little bribery and the know edge of an
underground route, he was able to get out with a friend through
Germany and then to Engl and.

That's the early history. Wen he cane to this country, he
worked first as a skilled tailor for Saks Fifth Avenue, the
famous departnent store. He found that it was very difficult
because of the seasonal enploynment. You did well for some nonths
and then you were |aid off because things were slow during the
summer. He decided to open his own little business, which he did
and whi ch prospered, | suppose, up to a point. He was able to
earn a decent living and could afford a wife and a famly. |
grew up first on Manhattan I sl and.

BOHANI NG Were in Manhattan?

SMTH.  What is now Washi ngton Hei ghts around 160th Street

bet ween Broadway and Ansterdam Avenue. His tailor shop was near
Ri verside Drive, a very prosperous area at that tine, and it

remai ned as a tailor shop for sone years until ready-made cl ot hes
becane nore readily avail able and the custom of having tail or-
made cl ot hes began to decrease. At that point, he went nore into
t he cl eani ng-dyei ng busi ness, and that's what he stayed at for
the rest of his life.

BOHNI NG  Where did you receive your early education?

SMTH M early education was first in elementary school in
Manhattan, then later in Brooklyn. M junior high school was
Dewey Juni or High School, naned for an educator in New York GCty,
not for the Admral. [laughter] Then | went to Erasnus Hall High
School in Brooklyn, and from Erasnmus Hall H gh School | went to
Col unmbi a Col | ege.

BOHNI NG  During that period, you' ve indicated that you had no



early interest in science, but that your interest was nore in the
humani ti es.

SMTH: This is true.

BOHNI NG | understand that part of that was your famly
i nfl uence.
SMTH It was largely famly influence. M father and nother

were both self-educated. My father had little formal schooling
in the old country. Wen he cane here, he went to high schoo

cl asses at night for several years to |earn English, and really
learned it very well by hinmself. He read everything

omi vorously, and so did ny nother, and this was what was tal ked
about in the house. As a result, ny brother devel oped an
interest in literature very early. | had to read the books they
were tal king about, otherwse | was |left out of the conversation.

On the other hand, | obviously played around with nmechani cal
things. M parents thought | was going to be an engi neer,
because | developed an early interest in radio. (I think
mentioned this in ny autobi ographical essay (1).) W had a
nei ghbor who was one of the pioneer radio engineers at that tine.

We're tal king about 1919, 1920.

BOHNI NG What was his nane?

SMTH  H's name was Lipkin. | don't renenber his first nanme. |
know that he |l ater went to work for General Electric, but he
started out as an i ndependent entrepreneur and had sone designs
for circuits and equi prent, and he ended up working for GCeneral
Electric. | lost sight of himconpletely when I was about

twel ve, which would still be in the early days of radio. | built
nmy first little radio sets thanks to sone tips that he gave ne,
using old cereal boxes and wapping the wire around and buil di ng
the taps and all the rest of it. | had things that worked on a
headset borrowed fromhim M parents realized that | was
capabl e of doing these things, and they finally gave ne the noney
so that | could go out and buy parts and build nore sophisticated
things. That's how | got started.

I nust say, science teaching in the schools was pretty
i nadequate. | was not aroused by anything that | can renenber,
either in elenmentary school or junior high school or even in high
school. It was fairly routine teaching out of the books. |
don't even renenber the nanes of nost of the teachers, except the
physics teacher in high school who was quite good. | was not
particularly attracted to the physics that they were teaching.



BOHNI NG  Even though you had this interest in radio, which is
related in sonme respects.

SMTH  Related in sonme respects, but they never really got to

t he nmeat of what nodern physics was. You started out in the sanme
ol d fashi oned way, |earning about pulleys and |l evers and this

ki nd of thing, which m ght have been where physics started at the
time of the Greeks, but it didn't tell you anything about what
was happening in physics today. Physics teaching, |like chemstry
teachi ng, as you know, has changed, in that you now teach what
chem stry is about instead of teaching the early chem stry of two
t housand years ago.

BOHNI NG So chemistry and biology didn't really interest you at
that tine.

SMTH.  Not really. | did well, because | ended up at a good
college at that tinme. But | didn't find themparticularly
exciting. | did better in other things. | read nore widely in

other things than I did in the sciences.

BOHNING WAs it just assumed you were going to college? Was
t hat your parents' influence?

SMTH M parents insisted that we were going to get an
education and go as far as we could. M brother went to college
with a mgjor in literature.

BOHNING Did he go to Col unbi a?

SMTH.  No, he went to City College. The famly situation at the
time was such that it was easier to get himto Cty Coll ege,
where it would cost nothing. City College was free. Col unbia

wasn't very expensive. It was three hundred dollars a year in
tuition, which by today's inflationary standards sounds |ike
nothing. | had a good job while I was in college. | nentioned

that in my autobiography (1).

BOHNI NG Yes, you were a mnusici an.

SMTH  Yes. | think | earned nore in ny |last year in college as
a nmusician than | did as a budding scientist, until | was



finished with nmy postdoctoral fellowship years. [laughter] That
tells you sonmething of the realities about pursuing a career in
science as it was then. M graduate teaching assistantship was a
t housand dollars a year and free tuition. | could earn that nuch
in two weeks during the Christmas break, which | did. [laughter]

BOHNING Did you also sell sonme of these radios that you were
bui | di ng?

SMTH  Onh, yes.

BOHNI NG That was al so a commerci al venture.

SMTH  That was while | was in high school. During the |ast two
years in high school, | had a friend who was just as avid about
buil ding these things as | was. His famly owned a house with a
good- si zed basenent which he had used as a shop previously.
That's where we could build them W'd borrow the noney to buy
the parts, put the things together fromthe | atest and best
circuits, test themall out. H's famly had one of our radios.
As a result, his famly's friends and rel atives ordered them M
famly got one, and sonme of our relatives ordered them

We went our separate ways after finishing high school. He
went to New York University and ended up as a | awyer, which was
his father's profession. | went to Colunbia and | had no tine

for this, partly because by then | was working as a nusician. |
had started while I was in ny last year in high school, but only
the little | ocal neighborhood things on a Saturday night.
Not hi ng nmuch.

BOHNI NG  Where did that interest develop? D d you have | essons
very early?

SMTH M parents were interested in classical nusic. They knew
not hi ng about jazz. | thought it would be fun to take up an
instrunent, but | was too old to start on any of the nore
classical things like piano or violin. | decided after talking
to a friend who was pl ayi ng the saxophone that it mght not be a
bad idea. It was an easy instrunent to learn. | bought a
second- hand saxophone for sonething |ike seventy dollars, and I
sold it for five hundred dollars about ten years ago.

It's an interesting story in itself about inflation. 1In
fact, | sold both of nmy saxophones about ten years ago. The
inflation of good nusical instrunments has been just as high as
everything else. | took |lessons for about two years froma very,



very good, rigorous classical teacher. Wuat it ambunted to was
listening to records and listening to the radio and being able to
i nprovise and |l earning the styles and getting some experience
playing. | ended up as a professional jazz nusician |argely on
weekends and on summer vacations during ny coll ege years.

BOHNING Did that allow you to pay for your entire college
career?

SMTH.  No, | still lived at home and | got help at hone, because
there were tines during the year when I was so busy at school

that | didn't have much tinme to do any outside work. There were
al ways sl ow seasons. The peak seasons were around the m ddl e of
Decenber until after the New Year. We were very, very busy in
those days. Then, after the New Year's break when final exans
were comng along in the colleges, there were no dances, there
were no prons. There were no weddi ngs in January and February
and March. Things began to pick up again around Easter break.

O course, June was a steady thing. Fortunately, college was
over and final exans were over before the first of June, and June
was al nost a solid nonth of work. There were tinmes when | played
two jobs a day on Saturday and Sunday. Those were the days

bef ore canned nusic really had taken over.

BOHNING Did you play in a steady group?

SMTH | played with anybody who would call ne. There were sone
steady groups. | was nostly working through one agency in the
| ate years. | worked largely through the Mdss-Hallet Agency,

which | ater was taken over by MCA—Musi ¢ Corporation of America.
That is an interesting anecdote by itself, if you want this kind
of anecdot e.

BOHNI NG Sure.

SM TH.  About a year or a year and a half after | stopped
pl aying, when I'd gotten my first teaching assistantship at

Colunmbia, I met Harry Moss on Broadway. | was going to a concert
on a Saturday afternoon. He said, "Were have you been?"

said, "I've given up the nusic business.” He said, "Wat are you
doing?" | said, "I'ma graduate teaching assistant doing
graduate work at Colunbia."” He said, "Wat does that racket pay
you?" | said, "I'mgetting a thousand dollars a year and free
tuition.” H's eyes popped w de open. He said, "You should have

stayed with nme; you would be in the big tinme." [laughter]

The cul m nation of that story is that nore than ten years



[ater, nmy wife and | were vacationing in northern New Hanpshire.
We had rented a cottage on a | ake about seventy-five mles from

t he Canadi an border. W knew the area because of friends. Wen
it rained I was witing papers, and in the good weat her we were
pl aying tennis and clinbing nountains. One day, there appeared
an announcenent that on Saturday night there was going to be a
village dance at Littleton, New Hanpshire, which was seven or
eight mles away. Mal Hallet was playing with his orchestra. He
was a partner of the Mpss-Hallet agency. | had worked as an
occasi onal menber of Mal Hallet's bands in New York. \Wen it
came promtinme in June, Mal Hallet had ten orchestras functioning
in New York City. He would go fromone to the other at fifteen
m nute or half hour intervals to put in an appearance. [l aughter]

W went to the dance and when we got out on the floor Mal
Hal | et said, "Where have you been? Conme sit in and play." |
said, "Ch, no. | haven't played in ten years." [laughter] So
t he connections were still there. | still have, at this late
stage of ny life, one friend fromthose old nusic days who's now
long retired as a nusi ci an.

BOHNI NG Had you ever thought about being a professional
nmusi ci an?

SMTH  No. | never thought of becom ng a professional when
saw the lives that the professionals led. It was seasonal

Those who worked the novie theaters were thrown out by talking
pi ctures, which happened during ny active tinme in the nusic

busi ness. To nake a success with a good band you had to go on
the road and play these one-night stands, traveling fromone end
of the country to the other by bus. It all ended up in unhappy
lives, unhappy marriages and disrupted famly life. Everything
was wong. Most of the good people that | knew who did what |
did ended up going to sone kind of professional school or

prof essional career in other directions. Very few of them stayed
as professional nusicians, except the classical ones.

There was one group that | played with every Sunday ni ght
for some years when | was fairly young, at one of these
basket bal | game and dance affairs in the YMCA. You played for a
hal f hour, then there was basketball practice, they would play
the game and then after the basketball ganme, you' d play an hour
for dancing. During the tinme the basketball ganme was on | could
do ny homework. [laughter] | think we got sonething |ike six or
seven dollars a night. It was a very easy job. This is while |
was a freshman and sophonore in coll ege.

The man who pl ayed the trunpet with ne, Urberto Penni no,
came froman Italian nusical famly and he was attending
Julliard. He ended up first in one of the New York Synphony



Orchestras and then with the Toscani ni NBC Synphony Orchestra and
later with the Phil adel phia Orchestra. | lost sight of himafter
that. A violinist with whom| worked at that tine ended up in
the New York Philharnmonic. He is long retired and | haven't seen
himin years. Those who foll owed a professional career in
classical music stayed with it. Those who were essentially jazz
musi ci ans, and the saxophone essentially was a jazz instrunment,

of the people who | knew in college, didn't stay. That was
interesting; that was the difference.

BOHNI NG Just as an aside, | have a son who is going to start in
college as a nmusic major. |I'mgoing to have himlisten to your
story. [laughter]

SMTH. A nunber of our biochem cal friends have children who
have gone in that direction. Howard Schackman is at Berkel ey,
and he's now professor eneritus. He was president of the ASBVB

[ Arerican Society for Biochem stry and Mol ecul ar Bi ol ogy] just a
coupl e of years ago. His oldest son Mark went to Julliard and
has ended up as a very, very good oboist. He has a group called
the Aul os Ensenbl e that specializes in baroque nmusic. He has
done very well. Arthur Kornberg's younger son started out with a
joint degree fromJulliard and Col unbia, but then had sone
trouble wth his hand and gave up the cello. He is assistant or
associ ate professor at UC San Franci sco Medical School. So Tommy
Kornberg started out in nusic but ended up as a

bi ochem st/ bi ol ogi st.

BOHNI NG As you reflect back on your pre-Colunbia days, what was
it like growing up in New York City?

SMTH It was |like growing up any place else. You didn't know
that it was any different. School was school. You took it
seriously up to a point. | took nusic seriously up to a point.
| skipped a nunber of grades in elenentary school and went to
juni or high school through rapid advancenent. | finished high
school just before | was sixteen. There were plenty of

nei ghbor hood kids in the apartnment houses around, so we pl ayed
bal |l after school.

I worked after school a good deal through high school, as a
delivery boy and in departnent stores as a w apper, unpacker, and
all that kind of thing. Five dollars a day. This is what we al
di d; everybody was doing it. This was part of the norm 1've
talked to friends who grew up on farns and they worked on farnmns.
In the city, you didn't work on farns, you worked as a delivery
boy or you worked at a fruit market or a neat market or whatever.
Peopl e worked in ice cream parlors during the sumer.



My brother, who didn't play an instrunent, had a variety of
jobs. He sold clothes, he worked as a shoe salesnman. He did al
of these things. One sunmer he worked as a street car conductor.
He worked as a | unberjack one sumer in the Adirondacks.
Everybody of that generation was expected to work. This was the
norm for second generation immgrants. There was no great
prosperity. Besides this, | think the attitude was that work was
good for the soul, and I'mpretty sure it's true.

Even though ny kids grew up in a very different and nore
prosperous era, they still worked during the summer. They did
somet hi ng during the sutmmer, and by the tine that they knew what
university life was, they all got jobs washing dishes in the |ab
or helping out with primtive experinents and doing all kinds of
things. They couldn't wait. They wouldn't just hang around the
house during the summer. When they were very young they went to
| earn howto swm to type, etc..

BOHNI NG  Why did you pick Colunbia as opposed to City Coll ege or
NYU [ New York University]?

SMTH | was unhappy about the science situation at City
College. City College was overcrowded. The conpetition was
stiff. One of the ideas ny parents had was, "Ckay, you're
interested in radio and science, why don't you study nedici ne?"

I had no real interest or knowl edge of nedicine, but if you took
a prenedi cal course, you could go in various kinds of directions
because, in effect, you started doing science fairly early. The
conpetition at Gty College was horrendous and it was
overcrowded. | thought | wanted to do something different.

BOHNI NG  There were sone pretty good people who cane out of City
Col l ege at that tine.

SMTH. A lot of very good people cane out of City College over
the years. | think it's changed now because of the popul ation of
New York is no longer so insular. At that tine they felt that
anyt hi ng beyond the Hudson R ver was the far west. Anything
north of the Connecticut border was sort of terra incognita. It
took a certain degree of sophistication to begin to think about
goi ng out of town, plus the expense and the cost of living. At
Columbia | could still go to a prestige school and |ive at hone
and ride the subway for an hour each way.

BOHNI NG You were in Brooklyn at that tine.

SMTH | rode the subway everyday.



BOHNING That's a long ride.

SMTH Yes, it's along ride. 1In part of one direction, it was
crowded and you couldn't do anything. The other part you could
read, which I did. | always enjoyed taking sone literature or
soci al science courses because | could read the books on the
subway. It's not like working in labs. [laughter]

BOHNI NG  When you started as a prened, you were a biol ogy major.

SMTH: | started as a prenmed and you had to have a mgjor. |
actually took nore credits in chemstry than I did in biology.

BOHNI NG Wiy ?

SMTH  As | nentioned in ny autobiographical essay (1), | was
attracted to biology first by one teacher whose course | took in
nmy sophonore year.

BOHNI NG  That was [Janmes] MacG egor?

SMTH: Yes, MacGregor. You could not take zoology until you had
a year of general chemistry. It was a good rule at that tine,

but I don't know how many col | eges enforced that rule back in
1927 and 1928. The general biology that was taught, certainly in
the first semester, involved a good know edge of chem stry
because they taught you the conposition of living matter with
sone very sinple primtive experinents in terns of understandi ng
t hat bi ol ogi cal phenonena had a chem cal basis.

The follow ng year, | took Pop (John Maurice) Nelson's
course in organic chemstry. Nelson was a rare bird who rel ated
everything he taught in organic chem stry to biol ogica
materials. The people in the course who were going to be
chem cal engineers didn't like it, but those who were interested
in biology and the prenedical students loved it. He'd talk about
carbohydrate chem stry and all the things that went with it in
terns of what these things are and what they do in living
systens. He didn't teach the biochem stry but always nmade the
connections. He was a superb teacher, really one of the great
inspiring teachers. He was unusual as an organic chenist at that
ti me because he was working on enzynmes. That was pretty rare for
a professor of organic chemstry in the 1920s, and he had started
much earlier.
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As a result | took physical chem stry and physical organic
chem stry and everything else before I finished college and in ny
first year of graduate school. But | decided |I wanted biol ogy
because | knew that | could get a teaching assistantship there,
and that was inportant. |In chemstry, | wasn't sure what the
situation would be. In actual fact, | applied for both and coul d
have had either one, but | had sort of nmade a commtnent to
bi ol ogy earlier, so | accepted the assistantship in biology.

BOHNI NG The Depression canme mdway through this tinme period.
What kind of effect did that have?

SMTH  The effect was that it was clear that | was not going to
go out of town for graduate school during those Depression years,
because ny father's business was hurt. They survived, but it was
tough. Certainly, the thousand dollars a year that | was getting
nmeant that | was conpletely self-sufficient and coul d even
contribute a little bit when needed at home, which becane

i nportant at that stage.

[END OF TAPE, SIDE 1]

BOHNING | want to talk a little bit nore about your
undergraduate career. Your degree was in 1931 in biology. It
sounds |i ke you al nost had enough to have a chem stry degree as
wel | .

SMTH | had enough to have a chem stry degree as well.

BOHNING Did you do any research as an undergraduat e?

SMTH. As an undergraduate in the organic course, during the
second senester | was excused from doing the regul ar experinents
and hel ped one of the instructors with preparing a couple of
things that he wanted as starting materials for his own research.
This was not research, but just naking special compounds that he
want ed. That was the only real experience | had. The fun of it
was that | could use a |lot of his apparatus and not just the
student apparatus that was generally available. 1 |earned nore
about good quality distillation apparatus, | |earned nore about
gl ass bl owi ng and nore about how to do nore accurate nelting
points than the kind of primtive nmethods that were set up in the
teaching lab. That was the main virtue of it. But | did not do
any ot her kind of research in ny undergraduate years.

11



BOHNI NG You' ve al so commented that during this tinme it was
MacG egor who really interested you in biology. Your interest in
evol ution was also forned in some respect at this tinme, and it
shows up through all of your work |ater on

SMTH  Very nmuch later on. The interest in evolution was very
exciting as an intellectual thing. What one could do about it,
in terns of trying to understand nmechani sns of evolution, clearly
woul d have to cone through genetics. | took all the advanced
genetics courses during ny graduate career and al nbst went into
the field, but realized that genetics was not ready for the kind

of chem stry that | wanted to do. It was, in effect, nore than
twenty years early in terns of the real begi nnings of biochem ca
studies of the genetic material. Al of that canme very nuch

| ater.

I was very much attracted to Selig Hecht, who was a nenber
of the zool ogy departnent, and was doi ng what was then call ed
general physiol ogy, but what today we'd call biophysica
chem stry. | found this very exciting intellectually.

BOHNI NG  The ot her aspect of this is that organic chemstry is a
way to approach the secrets of biology. That thinking, to ne at

| east, seens rather unusual for that time period, that the key to
bi ol ogy was really a chem cal understanding. Ws it Nel son who
gave you that feeling?

SM TH. Nel son gave ne that feeling first, but there was also a
kind of literature that was around at that tinme in the biol ogical
worl d nore than the chem cal world. This is one of the reasons
why | did not want to take the degree in chem stry at that tinme.
Ni nety-ni ne out of a hundred people who took their degrees in
chem stry ended up in industry, including nmany of Nelson's own
students who, while they worked on an enzyne or a bi ol ogi cal
problem still ended up in industry afterwards. | had no real
interest in going into industrial chem stry.

The inpetus and the interest cane largely from people |ike
Jacques Loeb and his book Mechanistic Conception of Life (2), his
book on proteins (3), and Mchaelis' book on oxidation-reduction
(4). Al of this was in the air at the tinme, and a | arge part of
it had conme out of the German phil osophical schools and the trend
in German biochemi stry at that time. American biochem stry was
largely in the nmedical schools and was devoted, as |I'm sure
you're well aware, to sinply inmproving or inventing clinica
met hods. | had no interest in that whatsoever. That's why |
didn't go to nedical school. dinical chemstry in the United
States at that time was inproving nethods of urine and feces
anal ysis, and that was very inportant. |'mnot saying it's
uninmportant. It's still very inportant today, but it was not
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what | wanted to do.

As for Selig Hecht, it was well known that here was a nman
who was trying to understand sensory physiol ogy by applying
physics and chem stry to find out how |ight inpinged on the
retina, howit stinulated nerve fibers, and so on. In ny senior
year | actually sat in on a fewof his lectures. | took the
course, which was open to both seniors and first year graduate
students, as a first year graduate student. That made up ny
mnd. At the sane tinme, | was taking the advanced course in
genetics and other things as well, and | was serving for sixteen
hours a week as a teaching assistant in biology.

The second year | was a teaching assistant, ny assignnment
was to inprove all of the first semester experinments for the
begi nni ng students, since | was now the chem st in the
department. [laughter] A friend of m ne who was the senior
teachi ng assistant and nysel f introduced very sinple enzyne
experinments. The student could see in the begi nning biology
cl ass how an enzynme worked, and he could do sone of the things
about denaturation, boiling it to kill the activity, and
nmeasuring rates and that sort of thing. They were very sinple,
very primtive experiments, but they were quite successful

BOHNI NG How much of a mathemati cs background did you have
t hrough all of this?

SMTH | didn't have a mat hematics background. It was only
after | realized that | was going to go into a field like
bi ophysi cs and general physiology or even nore advanced chem stry
that | realized that | didn't have the mathematics background
that | needed. | had been poorly advised; prenedical students
were not advised to take nuch mat hemati cs beyond advanced
al gebra. | caught up and I finally took anal ytical geonetry
before | got my undergraduate degree. | never took a course in
calculus. | bought two good books. One was a standard Osgood
cal culus (5) which, | suppose, everybody used in that generation.
On the advice of soneone, |I'mnot sure who it was, | bought a
book called, Hi gher Mthematics For Students of Chenistry and
Physics (6), by a great Australian naned Mellor who Tater edited
a huge treatise on inorganic chemstry (7).

I found that the conbination of the two was just wonderful
because what Mellor did was to take very sinple things in
chem stry and physics and show how to apply calculus to them
was taking thernodynam cs at the sane tine, by the way. Harold
Uey didn't want to let nme in the course [l aughter] because |
hadn't had a formal course in cal culus, which was a prerequisite.

| said, "Well, it's on ny head. |If | fail, I fail. But I think
| can do it." | had started sone of the cal culus during the
summer. | devel oped just enough interest and excitenment in it to
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realize that this was a very, very powerful tool in understanding

all of these things. | nust admt | had never worked so hard in
ny life, doing the mathematics at the sane tine as doing the
chem stry. However, | found the principles of chem ca

t her nrodynam cs strai ghtforward, sinple and | ogical.

In fact, my conplaint was then, and it has since been
rectified, that the rules of how chem stry works were not taught
until you were a graduate student. Now it's back in the freshman
year, where it ought to be. Chemical reactivity is now taught in
the freshman year, l|ike [Linus] Pauling's The Nature of the
Chemi cal Bond (8) and all the things that go with it. W didn't
have any of that. Wat we had in the freshnman year was
menorizing all the elenents of the periodic table and their
simpl e conpounds; it was a total bore. | wasn't interested in
the Frasch process or the Bessener process. | wasn't going to
snmelt iron; | wasn't going to mne sulfur or any of these other
things. [laughter] But that's what you had to nmenorize in the
freshman year of chem stry, and that's what high school chem stry
was, which | found dull as hell. There m ght have been people
who were attracted to it who wanted to be chem cal engineers, and
two of ny high school friends who also ended up at Col unbia did
becone chem cal engineers. That was good for them but not for
nme. We sinply had different interests.

BOHNI NG Did you have any other interactions with Urey?

SMTH | got to know Urey quite well over the years. U ey was
not the nost inspiring teacher as a lecturer. He was too busy
with his own things. He had a tendency to conme in unprepared and
sort of flounder around with the mathematics and give us a
totally different derivation than the one that was in the book.
The best teacher of physical chem stry at Col unbia was Louis
Hamett. He was nmarvel ous because he was a real inspiration.
took half of the thernmpdynam cs from Hammett, and then | took
Hamett's physical organic chem stry course which | ater becane
his great book (9). That was a thrill, because again, one was

| earning what this was all about in terns of not sinply reactions
that you carried out on paper, but what nade them go and what the
rates were and why it didn't go in another direction. That |

found very exciting. | saw Hammett the year | was elected to the
Nati onal Acadeny. It was the last neeting he attended. It was
quite a thrill that he renenbered ne.

BOHNI NG  You were attracted to Hecht partly through your
exposure to himas a senior and then continuing as a first year
graduat e student. Can you tell ne sonething about himand what
t he bi ophysics | aboratory was |i ke when you started working

t here?
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SMTH. Selig Hecht was a product of the Cty College of New
York. He took his Ph.D. at Harvard in experinmental biology with
a man naned George Howard Parker, who was one of the great

pi oneer zool ogists of this country. He tried to understand how
things worked and to apply quantitative nethods. Hecht started
out in his |laboratory essentially doing experinmental biology. He
was inspired, not only by Parker, but by Jacques Loeb's teachings
and hi s books.

Hecht's early experinments were sinply on photoreception in

animals. If you shined a light on an animal, it did sonething.

It either went towards it or it went away fromit. This was the
kind of thing that Loeb had been doing. Hecht carried this a |ot
further. 1'll give you the classical case that he studied on the
| ong neck clam of Cape Cod, Mya arenaria. There was a |ight
sensitive spot on that clamthat had been identified | ong before.

Now, if you shined a Iight on that spot, the clamretracted its

siphon. It tried to put its siphon back into the shell. What
Hecht found is that you could use a very short exposure. You
didn't have to shine the light continuously. Intensity tines

time was a constant. You used a certain anount of energy to get
the contraction to nove. He found that that constant was

i ndependent of tenperature, |like all photochen cal reactions.
Now, we're talking about 1916 to 1919. He also found that there
was a |latent period, after you shined the light. That |atent
period was sensitive to tenperature. That obviously had to do
with a dark non-photochem cal process. So, he began to work out
ideas in ternms of the nmechani smof the photoreception process,
and he studied this in other animals and then, of course, this
got applied to the human eye as well. Here was the application
of physical chemcal thinking to try to understand a very conpl ex
bi ol ogi cal process.

After his doctorate work, he went abroad. He worked with
[Edward Charles Cyril] Baly, who was a photocheni st at Liverpool,
to | earn photochem stry. He worked at the zool ogical station in
Napl es because of the availability of marine animals of the kind
that he wanted to study. He learned how to extract rhodopsin
whi ch ot her peopl e had been studying nmuch earlier, of course.

The inportant point is that he could neasure the sensitivity
spectrum of the human eye at low intensities of |ight and show
that it was essentially identical with the absorption spectrum of
rhodopsin. That was the first proof that rhodopsin really is
responsible for rod vision of the human eye. This involved
spectroscopy, using nonochromatic |ight for studying human vision
as well as studying the absorption spectrum of animl rhodopsin.
This is the kind of thing that | found very exciting.

I"ve told a story in ny essay about how | did ny doctoral
thesis (1). Hecht had the customthat everybody who came into
the lab would do at | east one piece of research jointly with him
a short piece of research just to get the feeling of handling
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equi pnent, how you think about research, and how you do things.

I was involved in a piece of research on intermttent stinulation
by light of the human eye. |'ve told the story of how | got into
phot osynt hesi s, which was quite accidental. It was a very snal
and intimate | aboratory group. Hecht had one full-tinme research
assi stant who was al so working for his degree, and there were
never nore than four or five graduate students in the |ab at the
sane tine, and perhaps one postdoctoral fellow. The |ab had no
nore than six, seven, eight people at a maxi rum Hecht, having
wor ked in England, had the customthat every day at four o' clock
there was tea. Unless you were in the mddle of an experinent or
teaching at that hour, you were expected to cone in for tea and
conversation. The conversation would sonetines go on until eight
o' clock in the evening but Hecht had gone hone |ong ago. The
argunment s anong t he graduate students continued there and then in
the cafeteria down the street and back in the |ab at night, that
kind of thing. It was a very intimte, excellent group of

peopl e.

BOHNI NG You presented a paper in Leningrad in 1935 (10), which
was the result of that very first work that you did with him

SMTH  That's right.

BOHNING It was al so a bel ated honeynoon.

SMTH  That's right.

BOHNI NG What was it like going to Leningrad in 19357
Was that at Hecht's insistence or suggestion?

SMTH: No. M wife [Esther Press] and | thought we wanted to go
to Europe. There was no way we were going to go in 1934 when |
was still very busy as a graduate student. She was teaching
school, and we had no children, by plan. W were not going to
have any children until we were settled sonmewhere and | had
finished ny graduate work. We had saved a little noney, and
these international congresses were held every three years. The
precedi ng congress had been in Rone in 1932. O course, you

al ways knew three years in advance, and we had that as a goal,
that we would try to get to the next physiol ogical congress.

Travel was pretty inexpensive at that tine; inflation has
hit travel as well. A round trip for both of us for that nine-
week trip in Europe was nine hundred dollars. W traveled third
class across the Atlantic, and we learned a trick froma friend
of m ne whose cousin ran a travel agency. The conpetition anong
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t he steanshi p conpani es was such that if you booked, not from New
York to Cherbourg, but from New York to |Istanbul —they woul dn't
book into the Soviet Union—they gave you a reduced fare, and
they were responsible for all the train or boat connections to
get you to Istanbul. |If you nmade sure to miss the boats, they'd
even put you up at a hotel for a few days. By the sane token, we
booked a round trip back from Hel sinki to New York. The upshot

of it was that booking through this cousin of a friend of ours,
we had very inexpensive travel. |In effect, we had three days in
Paris on the way from Cherbourg to Paris and then fromParis to
Mlan for a couple of days, and then we went to Napl es because we
wanted to visit the Stazione Zool ogica, and we had four days in
Fl orence. Worl dwi de depression? | have still in ny diary that
we paid three dollars per person to stay in the penzione in

Fl orence for three neals a day and a room a total of six dollars
a day.

The food was sinple: continental breakfast, coffee or tea
and bread or rolls and jam |unch conprised a big soup, some Kkind
of pasta or vegetables or sonething with it; dinner included
chi cken, neat or fish, sonmething of that kind. Very whol esone
food and very sinple food. Nothing fancy. Every once in a while
if we didn't want to come back for lunch, we'd eat out sonewhere
and we ate dinner out once in a while. This penzione had been
reconmended to us by Selig Hecht; he and his wi fe had stayed
there. [laughter] W stayed at a penzione in Naples where he had
stayed at one tine. These things went on fromgeneration to
generation except that the war disrupted all of this. Were he
had stayed years before, people would renenber. They were
delighted to have us conme on his recomendati on.

As an excuse, we had planned to go to Europe because the
physi ol ogi cal congress was there. Hecht had deci ded he didn't
want to go to the congress. He said, "Wiy don't you present the

wor k?" | had done this together with himand with [Si non]
Shlaer. That was quite an interesting experience. W traveled
third class through Russia. It was tough. W canme in on a

Russi an boat, which was fun, to Odessa. The hotels were alright.
We traveled third class on the railroad. W were young; we
could do it. Lots of people have slept in YMCA's and hitchhi ked
across country. Leningrad was nore |uxurious sinply because we
stayed in a fairly new hotel. The governnment was putting up the
whol e congress, so they nmade a good show of this. There were

| ots of banquets, lots of entertai nment, and what not.

It was a very exciting first trip in Europe, and it was a
very exciting congress. There was no separate biochem stry
congress before the second world war. Biochem stry and
physi ol ogy were parts of the same science. M session was in
sensory physiology. | didn't know at the tinme, but | found out
| ater that Hecht had witten to [Lord Edgar Dougl as] Adri an who
was going to be chairing that session to | ook out for this young
fellow "Make sure he doesn't get into any trouble during the
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presentation.” [laughter] | presented ny paper, which | had
rehearsed very carefully. | had given lectures in the U S., but
it's a different thing before a big international audience. The
first question was not a sinple question but a statenent plus a
guestion fromHenri Pirenne, a very distinguished French sensory
physi ol ogi st who had al so worked for many years in the field of
vision. He was followed by Walter Trendel enburg fromBerlin with
a long conplicated question in German. Adrian | eaned over and
said, "You don't have to answer if you don't want to." | said,

"I can answer both, thank you." [laughter] Wiich I did, but in
English. It was very pleasing to be able to have survived the
experience. | nust admt, the preceding afternoon, ny w fe had
gone out with sone friends swinmng on one of the far islands,

t he fanmous stoney island, Kanenoy Ostrov, while | stayed hone
witing out ny speech carefully and going over it again and again
and polishing it. It was worth it.

As a rem niscence, in 1975 | was back in Leningrad for the
first time, forty years later, at the two hundred and fiftieth
anni versary of the Sovi et Acadeny of Sciences. One evening,
after sonme kind of entertai nnent, we ended up at the supper table
with some old friends. Those old friends consisted of Severo
Cchoa, now living in Spain [deceased in 1993], who had cone from
Spain in 1935 to attend that congress, and whom | hadn't known at
the time. Al exander Braunstein (now deceased) had al so been at
t hat congress. He was one of the nost distinguished Russian
enzynol ogi sts. Vladimr Engel hardt, now deceased al so, had al so
been at that congress. There were a couple of other people at
this huge table, but here were four of us who had attended that
congress. Braunstein and Engel hardt had known each other at that
time but the rest of us hadn't. Forty years later, | was one of
the people to represent our National Acadeny, which was a nice
way to return! M wfe |ooked at nme, we | ooked at each other and
said, "Wuld you have believed it forty years earlier?" The
answer was no. [l aughter]

BOHNING On this trip, were you cogni zant of any politica
devel opnents goi ng on?

SMTH  Oh, yes. Very nuch so. Don't forget that Hitler had
taken power just a year earlier in 1934. Europe was full of
refugees. They were already piling into the United States as
well as all over western Europe. There were a nunber of Gernan
refugees in the Soviet Union at that tinme, nmany of whom stayed,;
sone of themleft subsequently. There was a considerabl e anount
of tension in the air. [lvan Petrovich] Pavlov, the

di sti ngui shed physiol ogi st, was the president of the congress and
hi s openi ng speech was a plea for peace, as a matter of fact.
Everybody was wel|l aware of what was brew ng or what the
potential for war was, because certainly Germany never disguised
any of its intentions, and the question was whether you took them
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seriously or you thought this was all a bluff. Certainly, | took
it seriously. W avoided Germany by goi ng back through Hel sinki
St ockhol m  Copenhagen, and London. We did not go through Gernmany
at that tine for obvious reasons.

BOHNI NG You got your degree in 1937.

SMTH  Actually, | finished the work in 1936, but Col unbia had a
firmrule. You didn't get your piece of paper until that thesis
was published, which was not until 1937 (11). [l aughter]

BOHNING It had to be published, not just conpleted.

SMTH It had to be published. It had to be published, and you
had to turn in seventy-five reprints. [l aughter]

[END OF TAPE, SIDE 2]

BOHNING | wasn't aware of that.

SMTH | think they' ve changed that requirenent, but in the old
days your typewitten thesis was not the fulfillnment of the
requirements for the doctorate. That was sufficient to have the
final oral exam

BOHNING Did you have a thesis commttee?

SMTH. Onh, yes. | had a thesis commttee of five or six people;
it went on for about three hours. Because ny thesis was in a
zool ogy departnment on a plant subject, the professor of plant
physi ol ogy (Sam Trel ease) was al so on the commttee, and one of

t he ot her people from zool ogy, a geneticist (Leslie Dunn), was on
the coomittee. Hans C arke, who was chai rman of biochem stry at
t he nmedi cal school, was on the commttee, and one of the people
fromthe chem stry departnent (Raynond Crist) who taught

phot ochemi stry was on the commttee. | had taken his course. |
knew everybody on the comm ttee beforehand, but neverthel ess,
they gave nme a rough tine. [laughter]

BOHNI NG  Could you tell ne sonething about Sinon Shlaer, who
col | aborated with you during that tine period?
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SMTH  Sinon Shlaer was Hecht's personal research assistant as
well as his graduate student. Sinon Shlaer had a great gift for
equi pnent. He could build anything. He could design anyt hing.
When it came to the intellectual side of science, he was
frightened. This was psychol ogical, | suppose, nore than
anything else. Sinon Shlaer went off to Los Al anpbs sonetine at
the end of the war. He was there about a year or two years
before Hecht died, and stayed there the rest of his |life, as far
as | know, designing all kinds of special equipnment, nostly
phot ogr aphi ¢ equi pnent, or whatever went on at Los Alanos in that
peri od.

BOHNI NG  Wien you were starting to repeat [Qxto] Warburg's
experiments, you commented you had to start from scratch,
virtually put everything together. Did Shlaer assist you then?

SMTH He helped ne a great deal. | had to do the work. You
didn't get away with anything. This was part of physiol ogy at
the time and part of science. You |learned how to build your own
equi pnent. Part of building your own equi prent was that | took
War burg's descriptions and went to the glass blower and had to
convince himhow to nake the manoneters and put a scale on them
I had to build the constant tenperature bath, the tenperature
regul ator, design the |light source, nmake the graded light filters
and calibrate them | did all of that. It took nonths. 1In the
same way, when the published work canme al ong on gl ass el ectrodes,
| ordered the glass from Engl and, had to bl ow my own gl ass

el ectrodes, and assenble the glass el ectrodes using a type K
potenti oneter, Weatstone Bridge, and all the rest of the

equi pnent. You couldn't buy any of these things commercially.
The first commercial glass el ectrode equipnent in this country
was, | think, available only around 1939 or 1940. That's how

[ Arnol d] Beckman got his start. The first conmercial gl ass

el ectrode assenbly in this country, which | renmenber seeing and
usi ng afterwards, was nade by the Canbridge I|Instrunment Conpany,
which was British, in a new factory in upper New York State.
That's what we had, for exanple, at the Rockefeller Institute.
Beckman's pH neter cane al ong around about 1938 or 1939. | had a
gl ass el ectrode assenbly that | was working with to neasure the
pH in ny buffers back in 1935 and 1936. You couldn't use a

hydr ogen el ectrode with carbonat e-bi carbonate buffers, which I
needed to do photosynthesis. |If you put in enough hydrogen you
expelled all the CO,, and you no longer had a buffer. (It's
bringi ng back nenories.)

BOHNING In the work that you did which showed a difference with
Warburg's original experinents, you ve comented that you really
didn't want to tell Hecht what you had found. Yet he reacted
differently than you had expected. Could you talk a little bit
about that experience? How was that accepted? | think you' ve
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comment ed that people ignored that for the nost part for a while.
Is that true?

SMTH Let nme go back to Hecht first. | think part of the
student's psychology is that you don't like to contradict the
great authority. After all, Warburg' s stuff was w dely accept ed;

he had pioneered in a great many of these things. He was |ong
out of photosynthesis, of course, because the photosynthesis work
had been done in the early 1920s, and we're now tal ki ng about
1932 and 1933, when Warburg's work had taken a conpletely
different turn. He was now isolating enzynes and very i nportant
co-enzynes, and all that kind of thing in probably one of the
greatest experinental |aboratories in the history of

bi ochem stry. Now you suddenly find that you can't repeat
exactly what he has reported. What is the difference between the
curve involving a first order process with Iight and dark phases,
versus sonet hing of the second order? It all depends on the

sl ope of the small part of the curve. The asynptote in this
direction is the sane, the slope down here is the sane. It could
be an artifact, due to error, so you calibrate everything al

over again and check it all out, and you repeat it sufficiently
to make sure that you're right.

At that point | showed the data to Hecht. | think he had
becone a little bit inmpatient as to why | hadn't set this thing
up for the students any earlier, but finally I told himabout it,
and he said, "That's great!" He |ooked at it and he | ooked over
all the data. | showed himall the repetitions and all the
rechecking of the calibration of the filters and the calibration
of the light source, in absolute units and all the rest of it.

He was just absolutely delighted. The fact that ny report nade
very little inpression was due to two things. The field was
conpletely at a standstill. The physical side of studying

phot osynt hesis was fine and the pioneer work had all been done.
You knew that chlorophyll was the |ight absorbing source. You
knew that it used carbon di oxi de and water, and it nmade sone kind
of carbohydrate precursor. People always wote CHO in

parent heses, question mark, but there was no way of getting at
any kind of nmechanismat that tine. |If you disrupted the plant
cell and put the contents in some kind of a buffer solution to
resenbl e what was inside a plant cell, nothing happened,

basi cal |l y.

It was not really until 1938 that Robert Hi |l in England
(now deceased—~he just died this past year) showed that if you
took chloroplasts out of a green |eaf and suspended themin the
right kind of buffer, shined Iight on them that you got reducing
power. The system woul d reduce ferric conpounds to ferrous
compounds, and it woul d reduce other compounds al so. This was
called the H Il Reaction for many, many years. It was the first
breakt hrough in attenpting to study any kind of mechanism (12).
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This was a couple of years after ny studies on
phot osynt hesis. | suppose the attitude was, and perhaps quite
rightly, "So what? |If it isn't a first order process, then tel
us what it is." The conclusion in nmy paper that it is nore
conplicated than a sinple first order process |eft people cold.
In that sense, | suppose, kinetics of any biol ogical phenonenon
| eaves one cold unless you can get at the nmechanism The old
j oke was, you did kinetics when you didn't know what el se to do.
[laughter] There was no way of getting at the nechani smat that
time. W understood nothing, or practically nothing, about
oxi dati on-reduction reactions in general. Wether it was a
purely chem cal reaction or a biological oxidation-reduction
reaction or the nost conplicated reduction reaction there is. W
knew that we didn't really know anything, but we didn't really
know how conplicated all this was going to turn out to be.

| did know, however, that | was finished with that kind of
ki netic study when | was getting ready to |leave the |lab, and I
was anxious to |leave the lab. | could have stayed on as an
instructor at least for a few nore years, but there was no
i kelihood that | was going to get tenure because the departnent
was not going to expand. It was understood that this was a
teaching instructorship in rotation for sonebody who got his
doctorate degree and needed a few years to get hinself
est abl i shed.

| suppose the inspiration for going abroad was the fact that
Eur opean bi ochem stry was developing in an entirely different
direction. They were isolating enzynes. They were studying
internmediary nmetabolism They were not |ike the nedical school
bi ochem sts here. The zool ogy departnent at Col unbia had invited
John Northrop to conme and give the Jesup Lectures. It was
Northrop's presentation of studies on crystalline pepsin and its
behavi or and al so on trypsin and chynotrypsin. Here was
enzynol ogy, protein chemstry. This was exciting. You now had
somet hi ng that you could get hold of as a pure nmaterial and get
to study. | realized that what | wanted to get into was
enzynol ogy. Internediary netabolismas such didn't interest ne
in terns of the steps of the individual reactions, but what was
t he mechani sm of catal ysis? Wat kind of enzynes were they?
Were they all sinple proteins?

Al so at that tine, Warburg was begi nning to publish his work
on oxi dation-reduction enzynes, dehydrogenases. Such work had
been coming out of [Qto] Meyerhof's | aboratory also in Gernany
until he had to | eave. There was no possibility that | was going
to go Germany to work. | didn't want to go to work in Northrop's
| aborat ory because Northrop was al nost stone deaf, and it was
very difficult to communicate with him The interests of the
| aboratory were rather narrow, in ny sense. Canbridge was very
exciting and very attractive. This is where nodern biochem stry
was flourishing in all its aspects. | talked to Hecht about it
and he said, "Whnderful. Put in your applications for a
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fellowship.” | thought of applying to the National Research
Council for an NRC fellowship, and Hecht said, "Well, maybe |'ve
worn out nmy welcone with the NRC because everybody el se who cane
through this | ab who has gone to the NRC for a fellowship has
gotten it. Maybe you ought to apply to Guggenheim" | said,
"All right." 1 didn't know any better. So |I applied to the
Guggenheim and was | ucky enough to get the fell owship.

BOHNI NG You had already started sonme work in that 1936-1938
period at Colunbia with chlorophyll and it being associated with
a protein.

SMTH  That was in ny |last year, after ny thesis and after ny
degree. | had done sone nore kinetic work to finish up sone
things that were not in nmy thesis. | had been reading a | ot of
the literature and wonderi ng where an opening m ght be to get
into some kind of nechanism As | said inny little essay, it
was in the air. This was the period in the 1930s when it was
recogni zed that [James] Summer's urease was not an artifact, that
Northrop's and [ Mbses] Kunitz's enzynmes were not artifacts.

These were all proteins. George Wald, who had come from Hecht's
| ab and gone to Europe, had shown that rhodopsin was a conjugated
protein with a vitamn A derivative as the prosthetic group of a
small protein. It was also the period that M chael Hei del berger
and his cohorts had denonstrated that anti bodi es were proteins.
The first of the hornones were comng along as proteins, not only
i nsulin, which had been done a little earlier, but the pituitary
hormones. The | actogeni ¢ hornone had been isol ated by Abe Wite
in fairly pure format that tine.

Here were enzynes, hornones, and anti bodi es as proteins.
What's the situation with chlorophyll? Reading the literature,
it was quite clear that the absorption spectrum of chlorophyll A
which is at three tinmes the concentration of chlorophyll B in the
green | eaf, has a nmaxi num absorption of around 660 nm Everybody
who' d neasured the absorption spectrumof a green leaf in a
hi gher plant, found the absorption nmaxi rumto be about 677 or 678
nm (You' re making ne renmenber nunbers fromfifty years ago
[laughter] Wich I do.) This was too big a discrepancy to
explain in very sinple terns. A few people had suggested that
chl orophyl | m ght be attached to protein. But nobody had really
done anyt hing about it because this was all highly insoluble
material. Unless you took a strong organic solvent |ike al coho
and di srupted the chloroplast, you couldn't extract the
chl or ophyl I.

In reading over that literature | realized that this was
very simlar in sonme respects to what George Wal d was descri bi ng
for rhodopsin. If you took a sinple organic solvent in which
chl orophyll was freely soluble |ike ether or petroleumether, you
couldn't extract any chlorophyll froma green |leaf, no nmatter how
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much you ground it. But if you added al cohol to disrupt the
structure, then it would go freely into ether or pet ether. This
sounded to nme |ike denaturing a protein. The question was how to
solubilize it. As |I've said, | introduced the use of detergents
into this whole picture because the use of detergents for
extracting insoluble proteins had been invented by Wlly
[Friedrich W1l helm Kihne in Heidelberg in 1878. It had never
been applied to anything el se but rhodopsin from 1878 to 1937.
[laughter] Nobody thought that this was the way to extract
proteins. After all, there were plenty of water-soluble
proteins. Wy worry about those things that were insol uble?

I went to Europe with the idea of not just studying the
chl orophyl | protein conplex, but inducing [David] Keilin to |et
me try to solubilize cytochrome oxi dase the sane way. Only he
said, "What you're working on is nore exciting. Leave the
oxidase to ne." So there was a footnote that gave credit to an
E. Smith (13). [laughter] It didn't matter.

Just a few years ago [1988], Robert Huber and his coworkers
[Hartmut M chel and Johann Dei senhofer] got a Nobel Prize for
studying the structure of the chlorophyll-protein conplex by x-
ray diffraction, and have napped out the conplete structure of
t he bacterial chlorophyll-protein conplex using sinply a
different detergent than the one | used. There's sone
intellectual satisfaction in being premature by thirty or forty
years.

BOHNI NG  That's not an unusual case in the history of science
where you have an idea that can't be foll owed up because the
technique isn't there.

SMTH.  The time wasn't right. There was no way of follow ng up.
X-ray diffraction of proteins didn't exist. Wen | was in
Canbridge, in Keilin's laboratory, | worked in the big lab with
Keilin and his personal research assistant, Ted [Edward Franci s]
Hartree, who later married one of ny graduate students, and Max
Perutz. Max Perutz would conme in and crystallize henoglobin. He
was studying it and trying to see what he could do with it. He
started working on the structure of henoglobin in the 1930s
before | came there, 1937-1938, and he was working on it that
entire tine. The structure was not solved until basically the
si mpl er myogl obin structure was solved. The structure of
nmyogl obi n was presented at a synposiumin Paris, at which | was
present, by John Kendrew in 1957. Henogl obi n was done al nost
imedi ately thereafter. So there we are. It took not only the
i nprovenents of the x-ray diffraction technique, but the
invention of a good diffractoneter for neasuring the intensity of
t he spots, and high speed conputers for calculating the
vol um nous data. |If you had to do it by hand, you'd still be at
it.
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BOHNI NG The other thing I wanted to ask you is that when you
nmeasur ed absorption spectra at Colunbia, this was pre-Beckman DU
days. You referred to the Shlaer spectrophotoneter.

SMTH  Shlaer had built a magnificent, very sensitive
spectrophotoneter for the visual part of the spectrumwhich did
not involve the use of the eye unlike all the matching
spectrophotoneters which | had used in England. Shlaer had built
a very precise spectrophotoneter for studying rhodopsin and ot her
visual pignments. It was based not on two Nicol prisns but on a
three Nicol prismarrangenent, where, in effect, it was sensitive
out to about five ten thousandths of an absorption unit. The
spectra that | nmeasured were done first in England, and then al
over again with Shlaer's spectrophotoneter. It was an
exceedi ngly precise instrunent. [l ooking at an absorption
spectruni We didn't even bother to put the points on. [l|aughter]
Nobody has ever made anything nore accurate than that.

BOHNI NG Wi ch paper is that?

SMTH  This is the 1941 paper fromthe Journal of General
Physi ol ogy (14, Figure 1, p. 584). | neasured the rate of
conversion of the chlorophyll to the phaeophytin by strong
detergents |ike sodi um dodecyl sul phate. Look at these kinetic
curves (14, Figures 2 and 3, p. 588). Louis Hammett woul d have
been proud of that. [laughter] The effect of pH on rate.

BOHNI NG That spectrophotoneter was not automatic recording.

SMTH It was not automatic recording. It was very tedious. |If
you neasured at one wave |ength, you could get readings every few
seconds, in effect, but if you wanted to do a conplete spectrum
that took at |east an hour to go through, depending on how nmany
poi nts you wanted. It was what's-his-nane's automatic
spectrophot oneter that canme along very quickly after that.

BOHNI NG Hardy? | think that was the one that GE made in the
| ate 1930s.

SMTH. The one that CGE nade was based on the one that had been
designed at MT by a man who | ater becane the president of

Cal Tech. Lee DuBridge. Lee Dubridge had designed the first
automati ¢ spectrophotoneter while he was still at MT, and it was
his nodel that GE took and built into a comrercial machine. It's
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funny | couldn't think of his name at first, because Lee DuBri dge
has been a close friend, whom| net after | canme to Los Angel es.
We used to see each other regularly; he's not well now.

BOHNING  Still |ooking at that pre-Canbridge period, you started
some association with [Edward G ] Pickels at Rockefeller on
sedi nent ati on studi es.

SMTH: | did nore of that after | cane back from Canbri dge

BOHNI NG  But you did start sonmething before you left for
Canbri dge.

SMTH. | did sone prelimnary work in the ultracentrifuge
because he had designed the new air-driven ultracentrifuge.
Renenber, the [Thé] Svedberg instrunent was an oil turbine
machi ne which was first devel oped around 1924 or 1925. It cost a
fortune to build and it took a full-tinme engineer to operate.
There were only two in the United States. One was at Wsconsin,
whi ch the Rockefeller Foundation built for Jack [John W]

Wl liams, and the other one was at Du Pont, which they had built
for their high polyner studies.

The Rockefeller people had wanted an ultracentrifuge for
virus work, and the man who was involved in the yellow fever
program had hired Ed Pickels fromVirginia to come and design a
practical ultracentrifuge at |ow cost. Ed Pickels designed the
air-driven ultracentrifuge at the Rockefell er Foundation, which
was housed at the Rockefeller Institute. Ed was not a nenber of
the Rockefeller Institute staff; he was paid through the
Foundation. This was all for their virus work. He was free to
col | aborate, and Hecht had col | aborated with himon some work on

rhodopsin. | had gotten to know himthrough that. Then after
came back from Engl and, when | knew nore about the chl orophyll
protein conplex, | collaborated with himby going downtown from
Colunmbia. When | returned after the war started, | spent the

first four nonths in New York to finish up and to do this work
with Pickels.

BOHNING W can talk a bit nore about himwhen we get to that
poi nt .

SMTH.  You know his history.

BOHNING | know a little bit about it, yes.
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SMTH: He went out, subsequently, to start Spinco, which Becknman
t ook over.

BOHNING  You left in July of 1938 for Canbridge.

SMTH  We left in July 1938 to tour France and to go to the
Internati onal Congress of Physiology in Zurich, in August 1938.
Keilin had said there's no point in comng to Canbridge in |ate
July or August, because nobody would be there. W went to the
Congress first, and then canme back to Canbri dge.

BOHNI NG You' ve commented in your essay about the fact that
you'd never had a formal course in biochem stry and that you
reali zed when you got to Canbridge how little you really knew.

" m curious about that, given everything you had been doing up to
that point. | guess you felt, in retrospect, that you were a
little naive in what you were doing, although maybe not for that
time period.

SMTH | was very naive in nmany ways. Let ne put it this way.
The kind of biophysical chemstry that | knew from Selig Hecht in
Columbia, I knew very well, but it was very highly specialized.

I knew a good deal about protein physical chemstry, and | knew a
good deal about photochem stry, absorption phenonena and about
the chem stry of absorption in terns of the kinds of compounds

that show color. On the other hand, | knew practically nothing
about carbohydrate netabolism and very little about the
structure of carbohydrates in general. | knewlittle or nothing
about lipids and lipid netabolism | knew very little about the
general field of amno acid netabolism Not that the know edge
was all that deep at that time, but there was still a great dea
of knowl edge. | had no exposure to these fields whatsoever.

My knowl edge was good in certain specialized areas of what

one today would call sonme aspects of bioorganic chem stry or
bi ophysi cal chem stry, while in other aspects of biochemstry, |
knew absol utely nothing. For exanple, | cane to Canbridge and
di scovered that people like Bill [Norman W] Pirie and others had
done very detailed work on the netabolismof sulfur am no acids.

I had known not hi ng about that work. An emgré from Germany
nanmed Ernst Friedmann, who was working in [Frederick G ] Hopkins
| aboratory, had done a trenendous anmount of work on the
nmet abol i sm of aromatic am no acids. | had known not hi ng about
that ki nd of thing.

So there was an area of what we would today call very

cl assical biochem stry that | knew absolutely nothing about. 1'd
never been exposed to it. |If | had taken a standard course in
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bi ochem stry at a nedical school, | would have known at | east
sonet hi ng about these things, but because | had never taken such
a course, | didn't know anything about them | sat in on the

| ectures in Canbridge, so | got the equivalent of taking the
course, only | did nost of it at the advanced | evel right away
rat her than from the begi nning.

BOHNING Can you tell ne a little bit about what Keilin's group
was |ike at Canbridge and what the [Molteno] Institute was |ike?

[END OF TAPE, SIDE 3]

SMTH  Mlteno Institute was a rather unique institution in many
different ways. |Its history began with an Anerican nanmed [ George
HF.] Nuttall, who had gone to Canbridge as a biol ogi st and

devel oped into one of the world's | eadi ng parasitologists and
stayed in England. This was the mgration of that period, the
turn of the century. Nuttall was a pioneer imunol ogi st and
parasitol ogist. One of Cecil Rhodes's partners, a gentleman
nanmed [ Percy Al port] Mlteno, a South African, nade a fortune in
South Africa and canme to England to establish his credentials as
a donor, as a benefactor, and, | suppose, to aspire to the upper
cl asses of England. One of the ways then and now in which this
was done was to be a very generous benefactor of sonething
inmportant. M. Mlteno gave the noney to build a brand new
institute for Nuttall. It was called the Mdlteno Institute for
the Study of Parasitol ogy, parasites being very inportant in
Africa. Oher South Africans of the period al so becane
benefactors. Cecil Rhodes endowed t he Rhodes Schol arshi ps.

Al fred Beit, another one of the pioneer mllionaires of Africa,
endowed the Beit Fellowships of England which were very inportant
in postdoctoral training in science, particularly in the

bi ol ogi cal sci ences.

During the First Wrld War, the big parasite problemwas the
| ouse and typhus, because of the trench warfare in France and
el sewhere. The | eading young parasitol ogi st of France was a
Pol i sh em gré named David Keilin, whom Nuttall induced to cone to
Engl and and work in his laboratory. Wen Nuttall retired, Keilin
becane the Quick Professor of Biology and the director of the
Molteno Institute. It was in the early 1920s when Keilin was
studyi ng parasites that he di scovered the cytochronmes and
recogni zed what these were. He then proceeded to nmaintain a dual
life. On the one hand, he becane a biochem st, self-taught,
working in the field of cytochromes and oxi dati on-reduction
enzynmes. On the other hand, one whole floor of the Mlteno
Institute remai ned devoted to parasitology. He continued to edit
t he periodical Parasitology until the day he died, having
succeeded Nuttall on this periodical that was published by the
Canbridge University Press fromthe Mdlteno Institute.
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Keilin was a warm wonderful, friendly human being, and so
was his wife [Anna Keilin]. W becanme very close and intinate
friends. He was a man of broad culture and education. He was
born in Moscow, but his famly was exiled to live in Pol and,
where he grew up and got his education. He went to Paris to
study philosophy. As Keilin told the story, which is now an old
story because it has often been repeated, he was caught in a rain
stormand went into the nearest lecture hall and listened to a
| ecture in biology. He found it the nost thrilling thing he'd
ever heard and becane a bi ol ogi st.

There are sonme things to be said for the rel axed, |aissez-
faire form of European education where you could go to any school
you want ed, do anything you wanted, and eventually pass sone
exanms in the field. You could attend | ectures or not attend
| ectures. He took his bachelor's degree and his Ph.D. in the
field of parasitology, and becane one of the world' s nost
di sti ngui shed parasitol ogists.

Keilin was attracting two kinds of people. The
parasitol ogi sts were downstairs and the biochem sts were
upstairs. He was isolating the cytochronmes and studying their
i nportance in cellular respiration, studying other hene enzynes,
and i sol ating other enzynes of inportance in biological
oxidations. It was a rather unique group of people. At the tine
I was there, | was the only Anerican. It turned out to be an
exceedi ngly distinguished group of people. His principle |ong-
termassistant, E. F. Hartree, worked with Keilin on the
cytochronmes and al so on other problens. Thaddeus Mann had cone
from Pol and and worked with Keilin on other enzynes. He
di scovered a whol e group of copper enzynes, including the
pol yphenol oxi dases. He discovered the first zinc enzyne, called
carboni ¢ anhydrase. Hans Laser was an em gré from Ger many who
had conme from Meyerhof's | aboratory and was wor ki ng on sone
aspects of cellular respiration.

Most inmportant fromny viewpoint was Bruno [ Ferenc Bruno]
Straub, who had cone from[Al bert] Szent-Gyorgyi's l|aboratory in
Szeged, Hungary. Straub was a year younger than | and we becane
bosom friends very quickly. Straub went back to Hungary in 1939
and retired | ast year as president of Hungary. He was the
transition president. He was the non-party, non-political man
who presided over the country during its transition period. He
is aclose, intimate friend. He nade very nmany distingui shed and
i mportant contributions in the field of biochem stry. Before the
war, he crystallized the first dehydrogenase, lactic
dehydrogenase. He isolated flavin adeni ne dinucl eotide
i ndependently of Warburg in the sanme year. Subsequently, he
di scovered actonyosin and actin in Szent-Gyorgyi's |ab after he
went back to Hungary, and a whol e series of other inportant
di scoveries. He becane one of the leading figures in the
Hungari an Acadeny of Sciences. He still is, but | don't think
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he's an officer any longer. As | said, he was picked as the
neutral figure, a respected, distinguished scientist, apolitical,
very patriotic, to preside over the change from Hungary the
di ctatorship to Hungary the denocracy, to put it in sinple termns.

Who else was in the lab at that time? Carl Qustav Hol nberg
from Lund, Sweden, who worked on uricase and di scovered that this
was a copper enzynme. Jan Jonxis from Holl and, who went back to
Hol | and as professor of pediatrics and becane a very
di stingui shed pediatric scientist and nutritionist. | think
that's about it. Al very intimate, all very friendly. The
Keilins were exceedingly hospitabl e people who arranged to see
that all their foreign guests got to know each other, entertained
them and got them acquainted with Canbridge society. Keilin
used to dine in coll ege whenever there was a feast or a speci al
neeting. He would bring one nmenber of the lab with himas his
guest. | can renenber going to several with him at Mgdal ene
Col | ege, which was his college, the college of Sanuel Pepys.

We becane acquai nted very quickly with a whol e generation of
t he young peopl e over in the biochem stry departnent, and
Hopkins, the director, was unique. He had a departnent of
fifteen or twenty advanced postdoctoral students and faculty
menbers, each of whom worked on individual problens. Bacteria,
pl ants, animal s—t didn't nmake any difference. It was all
bi ochem stry, a very different kind of biochem stry than existed
anywhere else in the world at that time, partly because of
Hopki ns' benevol ence in encouragi ng people to find their own
interests and devel op them and partly because of the breadth of
viewpoints. This was a university departnent. Pirie was working
on plant viruses, Marjory Stephenson was working on bacteri al
nmet abolism and so on and so forth. This history has been
descri bed many tinmes (15).

It was a very exciting place to be, and additional
excitement, of course, was that we had to listen to the radio ten
times a day to find out whether the war had started yet. This
was a grimperiod. W arrived in Canbridge a few weeks before
Ber cht esgaden and a nonth before the Minich pact. W unpacked,
we settled down, and I said, "lI'mnot noving until | have to
nmove. |'ve got to get to work." In retrospect, a lot of tine
was wasted in tal king about what was going on. W didn't
acconpl i sh anyt hi ng except that we | earned sonethi ng about each
ot her, and we becane very good friends. As a place to |earn
bi ochem cal science, it couldn't have been a better place in the
worl d, as far as | was concer ned.

BOHNI NG You had planned to go on to work with Meyerhof in the
second year.

SMTH  That's right. 1In 1939, ny brother and his wife had cone
over for summer vacation because they figured they wanted to get
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to see Europe before the war started. They cane to Canbridge.

W had a car. W drove from Canbridge to London and from London
to Dover and from Dover to Calais, and we drove around France for
several weeks. The war clouds were gathering in Paris. W were
back in Canbridge on the twenty-ninth or thirtieth of August. W
had been in Paris up to that tinme, and everybody was scurrying
off the continent to get back to England. W had a car which we
weren't going to abandon. There was no sense in trying to get
back because people were sleeping on the beaches of Calais
waiting to get on a ferry to go back to England. The British, as
usual , were spending their summer holidays all over the
continent. As soon as we found out that the coast was clear, we
left Paris, and drove back to Calais and got on the ferry and
went across. M brother and his wife went to London and booked

t heir passage home. We went back to Canbridge, and on the first
of Septenber, Hitler invaded Poland. On the third, [Neville]
Chanberl ain gave his speech to the nation on a Sunday night and
decl ared war on Ger many.

The next norning we came to the lab and Keilin told ne that
pl ans had been in effect for sone tinme for | aboratories to be
evacuated from London and to be settled in the Mlteno Institute.

The | abs were going on a war footing. Al normal research was
basically stopping. If I wanted to stay, | was wel cone, but they
woul d not be able to tal k about what they were doing. | was an
alien, but a neutral alien. Nevertheless, this was war work, and
if I wanted to stay |I could; if not, it would probably be better
if I found a place to go. | had planned to go to Meyerhof sone
time around Decenmber. | was going to finish up what | had been
doing with the chlorophyll-protein conplex and then go on to
| earn sonet hing about intermediary netabolismw th Meyerhof in
Paris. By then Meyerhof was on his way to the United States.

| cane back and spent several nonths at Col unbia, where |
knew t hat the spectrophotoneter and ot her equi pnent was avail abl e
to finish up what | had been doing, and where |I could also start
witing the papers. Hecht offered ne the hospitality and the use

of his secretary as well. M wfe went back to her teaching job
in New York. Then, casting around for a place to go, | decided
that a plant protein |aboratory m ght be the right place. 1 went

to work wwth H B. [Hubert Bradford] Vickery in New Haven.

BOHNI NG During that short period in Colunbia you worked with
Pi ckel s agai n.

SMTH  That's right, and that's when we did the sedi nentation
work (16). That was basically one day a week, or at nost, two
days a week.

BOHNI NG  What kind of a person was Pickel s?
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SMTH He was a gentlemanly, lively, entertaining Virginian. He
had a strong southern accent, a very good, relaxed attitude, and
at the sane time was a brilliant engineer. He became unhappy at
the Rockefeller in the later years of the war, because he was
interested in creating new instrunents. The attitude of the
virol ogists that he was working with was, "Well, you' ve now made
an instrunment that works, just make us another one of the sane
kind." [laughter] They didn't want any innovations in nmaki ng new
instrunents; that was not their interest. He collaborated on a
great deal of the virus work, but he already had plans in his
head, not for an inproved air-driven ultracentrifuge, but for an
el ectrically-driven ultracentrifuge which was | ater designed at
Spi nco, and not just an analytical machine, but a preparative
machi ne as wel | .

I had been in touch with himin 1946 when | was going out to
Utah. W had just bought a house but were still living in a
notel waiting to nove in, and had been in Salt Lake all of four
or five days when Pickels and his wife cane through, and stopped
at the sane notel to see us. W had dinner together, we started
to talk and he told ne all about the plans for Spinco and what he
was going to do. | said, "Look, | don't know where I'll get the
noney but | want the first machine,” the analytical
ultracentrifuge. He said, "You can't have the first machine
because | stopped in Ann Arbor to see Tomy Francis and he's
al ready ordered nunber one, so you'll get nunber two." [|aughter]

That's how you start a conpany. As soon as he wote to say that
it was well underway and that the prototype was working, we

tal ked about it and we managed to find the noney. W got the
noney out of the NIH, and Ed cane hinself to install the nmachi ne.

BOHNI NG  What was the arrangenent that you had in New Haven?
Vi ckery was at the Connecticut Agricultural Experinental Station.

SMTH | was finishing up the second year of ny Guggenhei m

Fel |l owship. Wat | wanted to learn through Vic was how to
prepare proteins, classical stuff, and how to do sone am no acid
analysis. | think partly what was in ny mnd was al so the fact
that | needed a contact with sonebody in Anerican bi ochem stry
and | needed to begin to think about what | was going to do in
the future. Vic was giving | ectures on the history of protein
chem stry once a week in the biochem stry departnent at the

medi cal school. This was late afternoon, so | would quit at the
sanme tine he did and go down and listen to his | ectures.

Usual ly, it was about a two-hour session. Rather than giving two
one- hour |ectures a week, he gave a two-hour |ecture each tine,
whi ch was wonderful because | learned a | ot about the history of
protein chem stry.
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I nmet other people in the departnent through Vickery, and
one of the people | net was Abe [ Abrahani White. | had done sone
gravinetric amno acid analysis and | | earned how to do proper
Kj el dahl nitrogen and sul fur determ nations the way Vic wanted
them done. (1 had been doing Kjeldahls |ong before.) There
wasn't even a good colorineter in the agricultural experinental
station. Everything there was gravinetric. That was Vic. It
changed in | ater years, but everything at that time—we're
tal ki ng about spring of 1940—was gravinetric. Abe Wite had

some good colorineters. |In addition to studying these famlies
of plant proteins and doing arginine analysis, | also did
tyrosine, tryptophan, and cystine using colorinetric analysis in
Abe White's lab. That was the connection. Formally, | was in
Vic's lab during that period. | would go down to the nedical

school once or twice a week in the last period that | was there.

BOHNING | want to talk about Wiite in connection with
Principles of Biochem stry, but we can touch that as a separate
issue later on. How did you nmake the connection wth
Rockefel |l er?

SM TH.  The connection was nmade there in a very, very sinple way.
I was on ny second year as a Quggenheim Fell ow and | was | ooki ng
for a job. | was a half-breed or a quarter-breed. | wasn't the
proper kind of biochem st for a job in a nedical school because
I"d never been in a nedical school and | didn't have that kind of
formal training. | was not, properly speaking, a plant

bi ochem st or a botani st because | didn't have a degree in
botany. |1'd gotten ny degree in a zool ogy departnent even though
I'"d worked on plant materials. | was offered or approached with
a couple of possibilities, all of which were, | thought, third
rate places to go, where I would have very little freedomto do
nmy own kind of thing. My wife and | nmade the decision that we
woul d hol d out.

BOHNING Were the others academ c institutions?

SMTH. They were academic institutions, but one was to be

sonmebody’' s research assistant at fifteen hundred dollars a year
My wife was earning nore than that teaching school. W had

saved a little bit of noney. W weren't rich, but we could

survive. Business was comng back a little bit at that tine.

The war was on, and business had picked up. M parents were even

willing to help out if need be. Wiich I didn't need, actually.

| got to talking with ny friend Joe [Joseph S.] Fruton, who
was at the Rockefeller working with Max Bergmann. Joe Fruton was
a classmate of mne at Colunbia. W didn't know each other that
well in the first years because he had started out as a chemstry
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maj or right fromthe very begi nning, so he was ahead of nme in
nost of those classes. | got to know himfairly well in ny
seni or year, and then he went up to P & S [Col | ege of Physicians
and Surgeons] to do his Ph.D. in the biochem stry departnment with
Hans Clarke while | stayed on the canpus. During that period we
saw each other quite frequently. My wife and | got married in
1934, and we lived on 110th Street. The follow ng year, Joe
married his wife and they |ived across the street fromus. Then,
of course, we saw each other a great deal. Wwen ny wife and |
went abroad in 1938, they came along with us to spend the sunmer
vacation and go to the Physiol ogical Congress in Zurich. W
spent six weeks together during the sumrer of 1938, traveling in
France and Swi tzerl and.

I"d been back and forth to New York and | had tal ked with
Joe about the situation. Joe said, "Let nme talk to Bergmann.
Bergmann m ght be very interested in having you in the lab for a
year or two because you had experience in purifying enzynes in
Keilin's |l ab plus the physical chem cal experience. There m ght
be an opening."” So there was another fellowship. Initially it
was for a year, but then it stretched into two years, during
which | got started in enzynol ogy on the peptidases, and that
story has been told (17). \While Bergmann was away on his sumrer
vacation, | |learned how to synthesize peptides fromJoe Fruton
I made the first proline peptides and hydroxy-proline peptides
and a few other things. It was kind of fun and very useful |ater
on as well.

BOHNI NG  What was that group |ike at Rockefeller?

SMTH.  That was a marvel ous, narvel ous group

BOHNI NG  There were sone pretty stellar people at that tine.

SMTH  That was a pretty stellar group of people. Stan

[ Stanford] Moore was next door to ne; Bill [WIIliam Howard] Stein
was di agonally across the hall; Joe Fruton was downstairs; George
Irving was across the hall; Paul Zanecni k was around the corner.

There were about six or seven of us. There was one Swiss, with
whom | overl apped for sonme nonths, nanmed Max Brenner, who | ater
becane professor in Basel. Klaus Hof mann had just left the |ab
to go across the street to work with [Vincent] du Vi gneaud.

I nstead of going back to Switzerland, he stayed in the United
States. O course, he later went to Pittsburgh; he's now
retired. It was a pretty distinguished group of people who nmade
their marks in protein chem stry and enzynol ogy. A rather

remar kabl e group of people.
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BOHNI NG  How woul d you conpare that group at Rockefeller with
t he Canbridge group? Was there a contrast in their style?

SM TH: The Rockefeller group were all trained in organic

chem stry, with the exception of Paul Zanecni k, who was trained
in biochem stry. The Canbridge group was nore diverse in their
bi ol ogi cal and nedical interests. | would say that they were
equal Iy distinguished groups, but they went in different
directions. The Rockefeller group was very nmuch a chem ca
group. Zamecni k stayed nore in the field of netabolism |
stayed in protein chemstry with a strong |eaning on the organic
side of it, even though part of it was devoted to biol ogical
probl ens, but so were the others. Fruton was organic and
enzynol ogical. Stein and Mboore you know. There was a different
kind of bias. Keilin had sone nedical people with him people
dealing nore with internmedi ary metaboli smand nedi cal probl ens.
Straub was nore the classical enzynol ogi st, phenonenol ogi st,
getting at the proteins that did biological things. It was
different; equally stellar, but with a somewhat different bias.

In fact, when | think of ny own kind of background, it's a
curious one. | started out with a mgjor interest in biology, and
I then worked nore in biophysics. | then went to Keilin, where
the activity was nore biochem cal but with a very bi ol ogi cal
bi as, and then ended up spending two years at the Rockefeller
where there was a strong organic chem cal enphasis. |In a certain
sense, | becane dilettantish, but I've always |iked being a
dilettante. | tried never to keep working on the sane problem
for nore than a few years and | drifted as nmy fancy took ne.

[END OF TAPE, SIDE 4]

BOHNING The United States got into the war during this tine
peri od.

SMTH  Well, the United States got into the war in Decenber,
1941. Al during the period that I was at the Rockefeller in
1940, (this is an interesting bit of history) the customwas that
after lunch you' d ook in the library at the new periodicals to
see what of interest had cone in that day. You would |ook out of
the wi ndow of the library at the East River and there were all
the |l end-| ease ships going down the river. You knew that a good
many of them woul d never reach their destinations. They would
assenbl e sonmewhere off the Newfoundl and or Nova Scotia coast and
make the trip across to England, or to Murmansk after 1941. You
saw the flags of every ship of the allied nations during that
period. It was a kind of grim sight.

Wth the war com ng al ong, the negotiations with Washi ngt on
went on, and Bergmann decided to get into the problemof the
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reactivity of nitrogen nmustards with proteins, am no acids and
peptides. This was a kind of organic chemstry for which | was
not prepared and not fitted. |In the neantine, | had gotten an
inquiry from Squibb [E. R Squi bb and Sons] as to whether 1'd be
interested in comng out there as a biophysicist-biochem st to
work in their blood fractionation program That |ooked very nuch
nore attractive to me than working on chem cal warfare problens
which | knew not hing about. It was not of ny kind of chem stry;
let's put it that way. For essentially three years, the Bergmann
| aboratory worked full-time on the reaction of nustards and
nitrogen nustards with proteins, am no acids, and peptides. At
the end of the war, they published a |long series of papers in the
Journal of Organic Chem stry (18). Bergnmann had died in 1945,
and Fruton took the responsibility for getting that stuff
published. | went to Squi bb and spent four years knee-deep in

bl ood. [I aughter]

BOHNING | renenber reading that statenent. Experinentally, it
was a different experience, dealing wwth |arge quantities of
materi al s.

SMTH It's a different world. You synthesized a peptide and
you were glad you ended up with a few hundred m | 1igrans because
nost of the am no acids that you had to use for making these
peptides, you had to purify yourself. Mst of the am no acids
were not conmercially available. 1In nost |aboratories, you
started out with ten liters or five liters, and you were glad to
end up with a fewmlligrans of an enzynme. In conmerce you
worked on a totally different scale. It was a marvel ous
experience to learn all that, and I had a good boss. He was a
good teacher.

BOHNI NG Who was t hat?

SMTH  Tillman D. Cerl ough

BOHNING |'mnot clear exactly what your responsibilities were.

SMTH M responsibilities were three-fold. One was getting
into production. W were not yet in production. The methods
devised in Edwin J. Cohn's | aboratory were largely devised by
working on five or ten-liter quantities. W would have to work
on a thousand liter scale. Scaling up was not sinply a matter of
arithnmetic or nmultiplication; you had to devise different

t echni ques for doing so.

Mor eover, we started out with a crew of shift super-
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i ntendents who were col |l ege graduates who had no experience with
any of this. They were largely 4-F;, they had sone kind of
physical incapacity. In one case, there was a man with three
chil dren, who was not drafted because they were all very young
children. The crew had to be trained. They had to |earn how to
use a pH machi ne, and nmake up a buffer in quantity. They had to
| earn how to make al cohol dilutions. They had to learn howto
handl e proteins and work in the cold. Al of this had to be set
up fromthe beginning.

| learned how to cut stainless steel pipe. [laughter] |
didn't have any experience as a plunber before. 1'd built sone
equi pnent. |1'd done sonme nmachine shop work. W |earned how to
assenbl e the kind of stuff we needed with three-quarter-inch
stai nl ess-steel pipe, because if we waited for the shop at Squi bb
to nake this stuff, we'd be still waiting. They were so busy and
overl oaded and didn't have enough skilled people. W got the
equi pnrent and we cut our own pipe and we nade all our own
assenbl ages. W did our own things. W learned howto do all of
these things fromscratch

At the same tinme, we were training a crew. W'd get one
unit set up and imMmedi ately the Red Cross would start delivering
bl ood, and we'd have to start going through this stuff to | earn
how to fractionate it and isolate all of the proper fractions
that we needed to save, preserve, or prepare in final form as
pharmaceuti cal products. The major product, initially, was serum
al bumi n which was prepared in sterile twenty-five percent
solution in the proper buffer, with preservative. This was in a
neat little vial packaged in a nitrogen-containing tin can with
t he proper rubber tubing and the needl e and everything el se to be
used for surgical shock or wound shock

This was largely for submarine warfare and for |anding
groups. They couldn't carry whol e bl ood; there was no way of
preserving it. It was too bulky. You had to have sonething
hi ghly concentrated. One hundred mlliliters of twenty-five
percent solution of album n was the equival ent of one pint of
blood in ternms of its anti-shock value. W started out with that
and we ended up preparing ganmma gl obulin, fibrinogen, prothronbin
and other fractions. | obtained experience working on a group of
pl asma proteins, enzynmes, blood clotting fractions, etc.

W were doing the production work, and we were al so doi ng
t he devel opnent work to scale all of this up properly. W were
al so doing research on sone of these fractions.

My wife always insists that the experience at Squi bb was the
best thing that ever happened to ne. She said, "You were a cocky
young guy, full of your own ideas, and you knew how to work in a
lab.” | came to a place where | had to get along with other
people and train them | had to teach. One of the things I
found was that | could carry on a lot of different tasks at the

37



same tinme. | had a production crew, a devel opnent crew and a

research crew. By the time | left | had sone thirty or forty
people working for me. | found that I could no |longer go into
the lab nyself to do anything. 1It's not what | wanted. | was

becom ng nore and nore narrow and speci al i zed.

BOHNI NG You certainly nust have had cl ose contact with Cohn at
Harvard during that tinme.

SMTH  Onh, yes. | was back and forth during the war many tines.
Every tinme we got a new winkle, we had to go up and tell him
about it. They came down also; it was very close contact. | had

actually net Edwi n Cohn before, while I was a graduate student,
because he and Selig Hecht had been graduate students at Harvard
at the sane tine. Once a year or so when Edwin was in New York
he would drop in the Colunbia lab. That's when | first met him
But | really didn't know himwell until the war was over. That's

when | got to know John Edsall; he's still one of our closest
friends. John will be eighty-nine next fall, but he came to the
Ameri can Phil osophical Society neetings in April. He was in
great shape, cheerful, lively.

BOHNI NG He stops at the [Beckman] Center fromtinme to tine.

SMTH  |I'msure. Well, he was rather depressed for a while when
his wife died, but he's back in good spirits. He came out to
Caltech for the synposiumin honor of Linus Pauling' s ninetieth
birthday in February. W saw himthen and we saw himagain in

April .

BOHNING Can you tell ne a little bit nore about Gerlough and
what he was like to work for?

SMTH  Tillman Gerl ough was born in ldaho. His father was a
guide and big gane hunter. He grew up in what were then the
wi | ds of Idaho and went to the University of Idaho. He was in
his senior year when the United States entered the war in 1917.
He was an all-Anerican football player, and went off to the wars,
survived, and cane back with the rank of Major or Colonel.

could never get himto talk about it but | gather that he was

pl astered with all kinds of nmedals. He was, to nme, the
prototypical wild westerner, since he was the first rea
westerner | had ever known.

There was no snoking in the plant. | snoked at the tine,

and | used to go outside occasionally for a cigarette. Gerlough
didn't care that nuch for cigarettes. He was a pipe and tobacco
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snoker. He chewed tobacco constantly. He was really addicted.
He had a very good English vocabul ary, but he al so had one of the
best four-letter vocabularies |'ve ever heard in ny life.

[l aught er]

He was a man who had very little theory, but a trenendously
good instinct of howto do things in a practical way. He knew
how to sol ve problens. He had becone the head of that division,
over the years, sinply in terns of experience. This was the
di vision that handled all the protein therapeutic things. It was
not responsible for the culturing of bacteria, for exanple, to
make gas gangrene antitoxin, tetanus antitoxin or diphtheria
antitoxin, or the isolation of insulin. But in the case of the
antitoxins, after the animals were bled, all the preparation was
done in that division. The insulin was obtained in crystalline
form but that was standard procedure, and we got the piles of
crystals. We had the responsibility of making the solutions, the

assays, the sterilization, the filling, all the rest of the
handl i ng of any of the protein products at the Squibb | ab at that
ti me—the biol ogical products. | learned a | ot about all of

these things. GCerlough was responsible for that division, and
that was the |logical place to put the blood program After all,
the antitoxins, the antisera canme out of bl ood.

I learned the practical side of all of these endeavors from
him | also |earned all the manipulations you had to go through
in order to get satisfactorily sterile products and to be able to
package them and ship themoff. W had to deal with the
suppliers. W had to get top priority to get gumrubber tubing.
Not only was Pear| Harbor bonbed, but Ml aya had di sappeared into
t he hands of the Japanese. W had to get the right kind of
gl assware. Everything had to be top priority. | got to know all
the Navy people. This was strictly a Navy programat the tine.
The Arny, after all, was going to be fighting on | and sonewhere
where field hospitals could be set up. The Navy and Mari nes were
going to be working on ships of every size and in |anding
parties.

BOHNI NG You al so nentioned that you did some gl obulin work,
whi ch was published as part of the research (19).

SM TH:  From Squi bb.

BOHNI NG You al so had a key suggestion in the penicillin
program

SMTH.  That was pure accident. | had gotten the job at Squi bb
when they were | ooking around for somebody trained in biophysics.
It was through the head of the division of organic chem stry,
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OCskar Wntersteiner, whom| had known before at Colunbia. Oskar
was a very distinguished steroid and antibiotic chem st. The

m ddl e picture on that wall [pointing to picture] is of the first
crystals of sodium penicillin behind Gskar when he got an award
fromthe Anerican Chem cal Society. Oskar had suggested nmy name
to Squi bb because he knew I m ght be looking for a job. The head
of the division at Squibb had cone to see ne at the Rockefeller
to find out whether I would be interested. At the same tine he
tal ked to Bergmann and then cane in and offered ne the job.
[laughter] | arrived at Squi bb at the beginning of July 1942.
was just getting ny own |lab set up and we were beginning to get
ready for the fractionation of the blood plasna at the tine.

OGskar came and asked whether | had tinme to go to a neeting.

| asked what it was about. He said, "Well, you'll hear what
it's all about.”™ | cane to the neeting and | earned about
penicillin for the first time. This was a hush-hush research
project. They could isolate the active material and it worked on
bacteria, but could they accumul ate enough penicillin and
preserve it? The material was unstable. | listened to all of
t he proceedures that had been tried. They had tested various
types of stabilizers. | asked, "Why don't you try freeze-
dryi ng?" The engineers | ooked at nme and said, "Wat do you nean
freeze-drying? You can't dry anything that's frozen." | said,
"Yes, you can. Water has a vapor pressure at all tenperatures
even all the way down to absolute zero. |If you put the materia
under a sufficiently high vacuum it'll stay frozen because the
heat of vaporization of the water is going to keep it frozen
while the water is evaporating. You will end up with a dry
powder." They asked, "How do you set this up?"

I got nyself a couple of Cenco high-vac punps, sone gl ass
t ubi ng, and sealing conmpound to stop the | eaks. W punped and
punped after freezing it in the dry ice-alcohol mxture. The dry
powders were then sent for assay. That's as nmuch as | heard
until Gskar told nme |later that the proceedure worked. It was
sinmply the fact that the only people who had been using
| yophilization, as it was called, were bacteriologists, who were
using the procedure as a technique to preserve |ive bacteria, and
protein chem sts who had di scovered that this was a way of
preserving proteins w thout keeping themfrozen forever. You
could dry themfromthe frozen state

Patents had been taken out for this so-called Iyophilization
process fromthe University of Pennsylvania by [Earl W] Fl osdorf
and [Stuart] Mudd (20). The patents |I'msure are |ong gone, of
course, but it was the Flosdorf and Mudd process. Flosdorf and
Mudd were getting a royalty for every bit of stuff we were
preparing on the blood fractionation program Plus, they sold us
t he equi pnent. Flosdorf was the engi neer and Mudd was a
bacteriol ogi st at Penn. Every tine sonebody had a probl em at
Squi bb, | got called in. [laughter] | was the problem nan.
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It was very useful because when | went to tell Squibb that I
was | eaving in 1946, they wanted to keep ne. | told them!l
wanted to get back into academic work, at least for a few years
to find out whether some of the ideas | had about working on
enzynmes were useful or not. Practically, it was not of any
importance in ternms of industry, but | wanted to do some of these
things on my omm. W parted as very good friends, and a couple
of years later they brought ne back as a consultant because they
found that sonehow what | had been giving the conpany as a
consul tant working there was not being satisfied by the people
they hired, one way or another. For the next twenty years |
remai ned as a sort of general consultant for the conpany.

BOHNI NG You comented that this reputation as a troubl e-shooter
t hat caused people to ask you to get involved in industrial
probl ens was sonetines to your annoyance.

SMTH.  They wanted ne to keep working on their problens. | was
a menber of a different division and | had to keep working on
those problens. | had to go to Gerlough at one point and say,
"Look, do you want ne to work on their problens or do you want ne
to work on the problems within our division? | can't be in two
pl aces at the sane tinme. | sinply can't do this." He said,
"Ckay, we'll cut it off. |If they want to ask you a question,
that's fine, but to actually get into the |ab work and do these
things, you can't do that." COccasionally, they would cone with a
problemthat | could solve in the lab in a very sinple way.

I can tell you one very sinple problemthat | got into the
| ast year | was at Squi bb, which in retrospect was just
ridiculous, but it's the kind of problemthat conmes up in
i ndustry. | taught all those people at the plant how to use high
vacuumto preserve proteins. They were naking pituitary hornone
preparations which came with a buffer and they were drying them
in an anpule. Another anpule of saline solution or distilled
water went with it, so that the physician who was going to use
this could break the anpule, add the distilled water, dissolve it
i medi ately and use it. (Don't ask me which pituitary hornone it
was because it doesn't matter.) The fact is that they were doing
this, and every time they reconstituted the hornone preparation,
there was a precipitate. They couldn't get it clear. This is a
product for intravenous injection, and with intravenous injection
you can't inject anything with particles. 1It's got to be
absolutely clear. Everything would go into an nephel oneter to
check clarity. This was part of routine pharnmaceutica
manufacturing. (1 haven't thought about this in many years.)

They were stunped. They couldn't figure out what this fine
precipitate was. It had some of the phosphate in it. It wasn't
protein, that was clear, because there was no nitrogen. | got
themto wite down what this was, and very clearly this was a
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si mpl e sodi uni pot assi um phosphate buffer, |ow concentration, nade
up to the right volune so its physiol ogical salt concentration

was right. | took one |ook at the thing and began to think to
nysel f and renmenber ny inorganic chemstry. The answer is found
in the books. |If you dry orthophosphates at a very hi gh vacuum

you make theminto netaphosphates. You take the water out. You
are splitting water out, and these things are insoluble. W ran
the control, a very sinple control of using the buffer w thout
any protein, and the sanme thing happened. | said, "Wll, don't
dry down to the point of |less than one percent noisture. Dry it
down and figure out the |evel where it would stabilize at about
two or three percent noisture, which is not going to hurt the

protein at all. You will not get nmetaphosphates.” It worked.
They had been battling this for weeks. [|I'mnot saying that | was
all that bright. It's sinply a question of nenory, that | solved

the problemin one day. This is the kind of thing that led to ny
being called on all the tinme. [|aughter]

BOHNI NG | can imagi ne.

SMTH  That's why | got to be a consultant. [laughter] Over the
years, they finally ended up paying me nore for a couple of days
a year than I was getting when | left there, which is typical of

i ndustry.

BOHNI NG  How did you make the connection with Utah? You were
al ready determ ned you wanted to get back into acadene after the
war was over.

SMTH | had told ny friends that if they heard of a suitable
opportunity, they should put ny nane in. One of the people |I had
told was Abe Wiite. | told Joe Fruton, whom we had seen

periodically during the war, and a few other people. Selig Hecht
knew that | wanted to get back into academi c work, but his
connections with pure biochenm stry were not that good. He was
nore in the physiological, biophysical side. One fine day, | got
a tel ephone call while | was at Squi bb, from Lou [Louis] Goodnman
who was professor of pharnmacol ogy at Utah, and whom | had known
while | was at Yale, when | was in New Haven. | had net hima
nunber of tines. W weren't close, but he knew who | was and |
knew who he was. W were on a friendly basis, but pharnmacol ogy
was not nmy area. He had cone to Abe Wite asking for nanes of
peopl e who m ght be interested in comng out to Uah to join a
bi g research project that was going to be devoted to nuscle

bi ochem stry and muscul ar dystrophy. Abe suggested that he cal
me to find out whether | was interested. To nake a long story
short, that was the basis of nmy eventually going out to Ut ah.
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BOHNING As | understand fromwhat you wote, it was really
being built from scratch.

SMTH  This was the spring of 1946. The war was over in the
sumer of 1945. People in Washi ngton and around the country were
concerned with the research efforts that had been supported by
the OSRD [OFfice of Scientific Research and Devel opnent] and

ot her governnment agencies during the war. The authorization for
t hem was beginning to run out. Scientists were in the m ddle of
all kinds of research problens that were of interest to the

medi cal conmmunity and nedicine generally as well as other fields.
What was going to happen to all of this activity in the absence
of support?

One of the clear answers was to devel op a research granting
agency through the National Institutes of Health. The bill to
create a research granting agency at the NIH was introduced by
t he senior senator from Utah naned Al bert Thomas. It was
introduced with the idea of studying a type of hereditary disease
very common in U ah called nuscul ar dystrophy. Thomas had found
out about this fromthe then acting dean of the Utah nedical
school who was a professor of public health. Here was a unique
opportunity to study genetic disorders because of the early
pol ygany, the fact that Mornon famlies were largely sedentary in
the state, and that nuscle physiol ogy was now advancing to the
poi nt where sone approach m ght be nade. The bill that Thonas
i ntroduced was a hundred-thousand-dol | ar appropriation annually
to support a nuscul ar dystrophy programin the state of Utah. It
passed by unani nous consent in both houses. It was peanut noney,
so the president signed it, but it turned out then to be the
creation of the NIH research grant program The N H asked the
peopl e who had gotten the grant to give them back ten thousand
dollars for adm nistrative expenses. They had never thought of
t hat .

This grant was under the nanme of Max [ Maxwel |] W ntrobe,
prof essor of medicine, as senior investigator, but with the
cooperati on of Goodman, professor of pharnacol ogy, [Horace W]
Davenport, professor of physiology, and [Leo T.] Sanuels,
prof essor of biochemstry. It had four co-directors with
Wntrobe as the senior person, with the idea of creating a
bi ochem stry | aboratory and a clinical research |aboratory to go
withit.

[END OF TAPE, SIDE 5]

SMTH.  The canpus of the University of Utah was established on
what had been a part of Fort Douglas. As of now the university
has taken over all the rest of Fort Douglas through a series of
accretions as the Arny was persuaded to give up the idea that
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they were going to fight the Indians. There would be sone
bui | di ngs avail able and a | aboratory woul d be established. [If I
had gone out to look at this I would have been so di scouraged |
woul dn't have accepted the job, which would have been a m st ake.
The fact is we used a tenporary building and we were able to
order all the equiprment and supplies we needed. Eventually we
got a good building for all of this, but it took five nonths. In
those five nonths | wote up all the publishable work that | had
done at Squi bb, and even one paper left over fromny days at
Rockefeller (21).

BOHNING Did you start teaching at this tinme?

SMTH | started teaching imediately. Uah was still on the
accelerated programwith the idea that since the people who had
gone through nedi cal school during the war had gone through in
three years, the returning veterans should have the opportunity
of acceleration as well. W started to teach sonme graduate
students also. | was teaching in the nedical course, and | was
teaching a graduate course in enzynol ogy and a graduate course in
protein chemstry. It was great fun. | had to learn all of

t hese things over again, and one good way of learning is to teach
it.

BOHNI NG  How did your wife feel about noving to Utah fromthe
east coast?

SMTH.  She was well aware of the fact, fromthe tine even before
we were married, that when you decide to | ead an acadenmic life,
it's a mgratory profession. Not all the people who get their
degrees at an institution can possibly stay there. |In fact, the
policy very often is not to have anybody stay, but to bring
people fromthe outside. She was well aware of this. O course,
our famlies thought we were noving to God knows where, out anong
t he I ndians, obviously. [laughter] This was a very renote part
of the world, but she had no hesitation whatsoever. She knew
that while |I had ny satisfactions in industry, such as they were,
that | was not conpletely happy in an industrial environnent. It
was not that | was bitterly unhappy, don't m sunderstand ne; it
was not that | resented anything.

During the war it was certainly better than the alternative,
being drafted. | was called up all the tine, and each tine the
conmpany had to intervene, and the last tinme it finally was
stopped by the president of the conpany talking to Roosevelt's
personal physician. [laughter] The bl ood programwas not going
to flourish or continue if | were drafted. Besides which, they
resented the fact that | had to take a day off every tine the
draft board called ne because | had to report to ny old draft
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board, which was in New York. So that was the end of that. [If |
had been drafted, | probably woul d have been down in Bethesda,
Maryl and. |f there had been danger that | would be drafted and

t he conpany couldn't get a defernent, what woul d have happened is
that | would have gone into the Navy nedical service. They were
responsible for this whole programand | knew nore about it than
nost of the people down in Bethesda anyhow, because | was
actually in it.

BOHNI NG  You were al so joined by Douglas Brown, who fornerly had
worked with you at Squi bb. Was that the next year?

SMTH.  He cane out about six or eight nonths later. Doug had
been a technician at Squi bb whom | had hired and taught how to
run the Tiselius el ectrophoresis apparatus and to do certain

ot her routine nmeasurenents. Every batch of protein that we
prepared, particularly albumn, had to be exam ned in the

el ectrophoresis apparatus to nake sure it contai ned not nore than
two percent inpurity; it had to be a m ni mum of ninety-eight
percent albumin. Mst of it was obviously better than that.

O her things also had to be characterized.

Doug had been in the Navy, and had received a nedical
di scharge around 1943 or 1944, because he'd had a tunor on his
foot taken off, and his heel was shortened. He received a
nmedi cal di scharge and was | ooking for a job instead of going back
to finish up college. When he found out that | was going to
Ut ah, he asked whether there m ght be a job for himbecause what
he would like to do was work part-tinme or full-tinme and finish up
his col |l ege education and then deci de what he wanted to do. He
needed the equival ent of about another year and a half of college
work. | said I'd think about it and see what the possibilities
were. Before |l left I was able to tell himthat we would have a
Ti selius el ectrophoresis apparatus, and other kinds of physical
apparatus. He could take a couple of courses each day, and as
long as the tine was nade up either in evenings or weekends, he
woul d have a full-time job. As soon as we had the | abs installed
and the equi prent arrived, Doug cane out with his wife and an
about six-nonth-old baby. He stayed with ne there from 1946
until 1963, and then nmoved with ne here to UCLA until | retired
in 1979.

BOHNING That's a long rel ationship.

SMTH  That's right. He stayed on for another few years after
retired and then decided he didn't want to work for anybody el se,
and took an early retirenent. [|aughter]
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BOHNING That's a long period of time to have one person
conti nui ng that work.

SMTH  That's right. He's a person who's good with his hands, a
superb amat eur phot ographer who has won a | ot of prizes, very
active in the | ocal photographic societies, and very good with
equi prent of all Kkinds, nmaintenance as well as running it. He
didn't feel that he wanted to go through a Ph.D. program he
didn't want to do the book work. It was very good for ne because
this relationship as ny research assistant |asted for essentially
thirty-two years. At Squi bb he was working for ne, but there the
relationship was nore indirect. | put his nane on a | arge nunber
of papers over the years. | never counted up how many, but
probably there are thirty or forty papers where his contribution
was sufficiently substantial to justify putting his nane on the
paper .

BOHNI NG That's very inpressive. He nmust have been an
i mpressive person.

SMTH  Still is! W're very good friends and we see each ot her
all the time. They live over in the San Fernando Val |l ey about a
hal f hour away from us.

BOHNI NG Rather than at this point tal king about some of the
research that you were doing, a |lot of which has been sumari zed
in review articles that you categorized very nicely in that
essay, (although | do want to talk briefly about sonme aspects of
that later), | thought maybe at this point we could pursue your
experiences at Utah, and al so your nove here. As you said, your
research had a nore |ogical sequence at Utah than it did in your
earlier career. Fromthe Utah period on, things are nore in
keeping with the times, in terns of the research devel opnent.

SMTH  I'mtrying to renenber in what context | said it because,
after all, it's now a good ten years since | wote that. The
point is that each successive new tool that canme al ong got added
to the armanentarium of every biochem st and protein chemst. In

the 1930s there were very few | aboratories in this world that had
a good spectrophotoneter. By 1950, everybody had a good DU
spectrophotoneter. In 1934, very few people had a Warburg
manoneter. By 1950, Warburg nmanoneters were out of date. There
were very few Warburg manoneters around. They had becone
commonpl ace and were succeeded by sonething el se. W got

anal ytical ultracentrifuge nunber two. Wthin ten years every
maj or | aboratory in the world had an anal ytical ultracentrifuge
and a preparative ultracentrifuge.
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When Stein and Moore started to develop their am no acid
anal ysis and their automatic machi nes, they were, of course, the
first, but within a couple of years when Beckman started to nake
them everybody had them W had the first Beckmans, by the way,
because the automatic ami no acid anal yzer was devised by Stein
and Moore with the help of ny former graduate student, Darrel
[H. ] Spackman, who was good with his hands and whom | sent there
for exactly that reason. W had the first commerci al machi nes.

If you were in protein chemstry, you had to take up every
new net hod and every new pi ece of equipnent, and that's what
stinmul ated the progress. W knew what to do froman intellectua
vi ewpoi nt. What we needed were accurate nol ecul ar wei ghts,
accurate am no acid anal yses. W needed net hods of doing
sequence determ nations. Later we needed nechani sns of doing
t hree-di nensi onal structures. W needed net hods of anal yzi ng
proteins. W needed nethods of purifying proteins. As each
nmet hod cane al ong, every |l aboratory that was in the know
i medi ately had to take advantage of it. W were in a fortunate
period of tine when the NIH had the noney to grant during this
time.

This is what | ed to spectacul ar progress, in essence, in the
whol e field of biochem stry and protein chem stry, and now in
nucleic acid chem stry. Wen | say that the progress becane that
of the times, this is what | neant. Wereas at an earlier tine,
one may have had sone uni que ideas or sone uni que equi pnent or
nmet hod, that didn't last very long. In this period, everything
was known by everybody al nbst instantaneously. The cul m nation
of this is that before, when | would give a talk at the ASBC
[ Arerican Society of Biological Chemsts] as it then was, on
proteolytic enzynes, or for that nmatter on sone aspects of
protein chem stry, there would be one snmall afternoon session
late in the week devoted to the subject. However, protein
chem stry today is a very substantial part of biochem stry and we
now have a Protein Society of which | acted as one of the
obstetricians to help it give birth a few years ago. Now, as ny
wi fe says, |'ma neonatol ogi st hel ping to keep it going.
[laughter] It doesn't need ne anynore. They keep ne around out
of good w Il because | helped fromthe beginning. These young
people realize that we need to have a snaller society to dea
just with the integrative aspects of all of protein chem stry
because protein science is no |longer chemstry. |It's physical
chem stry, it's imunology, it's physics, it's everything in the
worl d. The physicists who are in protein science will not go to
the ASBMB neetings. The biochem sts are not going to go to the
crystal |l ography neetings. You have to have a place to bring them
together. This is what has happened.

This has been a strength of nodern biochemstry. If | may

dilate on this phil osophy of mne for one mnute, I'll give you
an anecdote. Late in the 1950s, the NIH decided to set up
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training grants. Up to that tinme they had been giving awards for
research grants, and they had al so established predoctoral and
postdoctoral fellowship programs. This, in effect, was getting
too cunbersone. The idea that people were going to try to

eval uate every predoctoral applicant fromall over the country as
wel | as postdoctoral applicants, was beginning to get out of

hand. The notion was to establish training grants so that
institutions woul d get support for training graduate students or
postdoctoral fellows and they would do the selection in terns of
their own standards. Wy should NIH bother with this?

I was asked to serve on the first commttee on training
grants for the entire spectrumof NH activities. Clearly this
was just the beginning, and after that first year it broke up
into specialized panels. | was one of the first nenbers of the
training grant commttee on biochem stry. One of the things the
Nl H asked us to do was set up criteria as to what represented a

good track for a training programin biochem stry. | guess there
were ten or twelve of us on the commttee. W went around the
tabl e and people said, "Wll, a beginning graduate student

certainly ought to have courses in organic chem stry, physical
chem stry, and this kind of thing." W discussed what the
content of the courses ought to be.

Suddenly in the mddle of this | burst out [aughing. Herb
[Herbert E.] Carter, who was chairing the neeting, said,
"Sonet hing's bothering you." | said, "Wat's bothering nme, Herb,
is the fact that there are only two people on this conmttee out
of a dozen who have degrees in biochemstry. This is the
strength of biochem stry.”" Herb Carter and Al [Albert L.]
Lehni nger were the only two people on that commttee who had
actually gotten a Ph.D. in the field of biochemstry. Al the
ot her people there had cone from bi ol ogy or organic chem stry or
from physical chem stry. Dave Rittenberg was a student of Harold
Urey's in physical chem stry; sonebody else was in organic, and
so on, all around the table. | said, "The whole strength of this
sci ence has been the diversity of people who canme into it with
different technical and intellectual backgrounds, and that is
what has nmade the strength of the field. That's what has got to
continue. | think that we ought to |l et every departnent of
bi ochem stry set its own criteria. |If they' ve got a bright
student who has | earned a | ot of physics but doesn't have nuch
organic chemstry, |I'd say, 'Take him' Let's cut out the
nonsense of dictating what the course contents ought to be."
That was the end of that discussion.

I think this is what | nean by what is in keeping with the
times. This is still true today. There's been a swi ng over now
into a nore biological and bi ochem cal kind of approach with |ess
organi ¢ chem stry, and perhaps even | ess physical chem stry,
except on the part of the x-ray crystall ographers and the NWR
specialists and all the people who are getting into it fromthat
end. It doesn't matter. The pendulumw Il swing in ternms of the
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way the fields change and the way nethods becone available. Up
until now, or up until very recently, x-ray crystall ography was
the only way of doing three-di nensional structure. Now NMR can
do a hundred residues in a protein.

There's a paper in this week's Science where they're talking
about being able to get up into the hundred and fifty, two
hundred residue range with NVR, which is a | ot cheaper (22).

Once you have the equi pnment, and you don't need all that nuch
equi pnent, it takes a lot less time. Al of this is nade
possi bl e by high speed conputers. |If we didn't have the
computers, we couldn't do any of this today. This is the way
it's going to go.

Wien | say it was in keeping with the tines, that also
brings nme to anot her aspect of this (because we're not going to
go on too nmuch longer or I won't have any voice left). | decided
when | retired I was going to give up the | ab because, in effect,
t he kinds of nethods that | was using to do protein structure

were becom ng antiquated. |If | were to stay active as a

bi ochemi st with anybody el se having any interest in seeing what |
was doing, | would have to re-gear the | ab one hundred percent.
Every nmethod that | was using, sone of which we had devel oped,
was now bei ng superseded. It was so nuch easier, so nuch was
different, | would have to start all over again. There was no
point toit. 1'd had fifty years in a lab. That's enough

The fact is that you have to have a perspective on how the
science is devel oping. Today people are doing am no acid
sequences of proteins by isolating a little bit of the protein,
getting a small part of the sequence, attaching that to something
el se, maki ng an anti body, using the antibody to fish out the
section of DNA on which this protein is being made, cloning it
and getting the DNA sequence, checking it to make sure that it's
the right thing. You then have the whole damm sequence in short
order with very little labor, but with a whol e new set of
techni ques that are partially biological, partially chem cal.
Well, this is a different world. First we had to get the
t echni ques for doing the sequence. W had to prove that you
could do all of this and that it nmade sense to do all of this.
This is a different world. | don't have to conpete in this world
any longer. | conpeted in other sets of worlds earlier. Let the
young people have this new world. That's essentially ny
phi | osophy behind this.

BOHNI NG  How qui ckly did Utah devel op, since you started there
when it was virtually brand new?

SMTH It had been going as a four-year mnedical school for about
two years when | cane, and it developed very well. It's had its
bunps |i ke other places, and the first big hurdle in the early
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years was surnounted, thanks to the NIH.  The grant policy was
generous, and the NIH, like all governnent agencies, wants to put
some noney in every state so that you get the support fromthe
House of Representatives and the Senate. W were the only

nmedi cal school in what was called the internmountain west,

bet ween Col orado and the West Coast and between Canada and

Mexi co, at that tinme. Now there are nedical schools in Arizona
and New Mexico. There's no school yet in Womng; it is too
small. There's no nedical school in lIdaho. There are now new
nmedi cal schools in the Dakotas. There's a small nedical school
in Nevada; they don't have the popul ation to becone | arge.

Ut ah signed agreenents with all of these states to take in
their medical students. The NIH was anxious to see this devel op.
You need the support of the west if you' re going to get
| egislation through. [laughter] W were the beneficiaries.
make no bones about it. It was real. The school grew, the
quality grew, old people retired, and new peopl e cane al ong.
Every school nekes m stakes in appointnments, but they nade a | ot
of good appointnents. Today it's really flourishing,
particularly since they've gotten the |ocal support. They've got
good new bui |l di ngs, good new facilities, a good library. Jim
[Janes Chi pman] Fl etcher as president did a good job when he was
there. He later went back to NASA. | think it will continue.
They' ve made m stakes. They have a current president who is
retiring next week. They've nmade sone disastrous m stakes with
cold fusion, [laughter] but the university will recover.

BOHNI NG When you arrived there you were young and you were new
and there were other new people comng in, yet there was an old
guard present. How did that interaction take place? D d the old
guard adjust to the new changes?

SMTH.  Some of the old guard resented it, but nost of them
didn"t. W had one nman in biochem stry naned [Harold C.]
ol dt hor pe who had been the professor and chairman of the
department when it was a two-year school. He was a very nice
man. He had done sone ol d-fashioned nutrition research fifty or
sixty years before. For years, he had been teaching practically
alone, with the help of one assistant. There was no opportunity
for research, but he didn't resent it. W got along very well
and we gave him subjects to teach that were within his know edge.
Clearly, he would never teach nodern enzynol ogy or protein
chem stry. Wthin the departnment of biochem stry, he was really
the only hol dover. The others were all people who had cone after
it was established as a four-year school.

In the clinical departnents, there weren't any old-tiners.
The two-year school didn't have any clinical departnments, except
for pathology. The first head of a clinical departnment was in
surgery, and he was responsible for bringing Max Wntrobe out in
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nmedi ci ne, and then other people canme. | wasn't there at the
time, but of course, | knew the history. Let's renenber that at
that tine there were sonething |ike seventy nedical schools in
the United States. There are now about a hundred and thirty.

BOHNING So it has doubled in the last forty or fifty years.

SMTH Let's say alnost fifty years, because there are not going
to be any nore.

BOHNING That's quite a change. | hadn't thought about that.

SMTH: Sonme of them had been two-year schools that got to be
four-year schools. Look at California. California, before the
war, had the University of California at San Francisco,

Uni versity of Southern California, and the Coll ege of the Mudical
Evangel i sts over in San Bernardino. The University of California
al one now has five nedical schools.

[END OF TAPE, SIDE 6]

BOHNI NG  You started out as associate professor of biochem stry
and al so research professor of nedicine. You were making rounds
with the physicians at one point to try and see the relationship
bet ween bi ochem stry and nmedicine on a nore practical |evel.

SM TH.  Actual ly, what happened was, since | didn't have a lab in
Sept enber of 1946, Max Wntrobe said, "Wy don't you cone down
and give us a lecture once a week on what you think is
interesting and inportant that is happening in biochem stry that
woul d be of interest to the clinical staff? You' ve been invol ved
for four years with plasma proteins, antibodies, blood clotting,
al bum n, and inportant proteins. There's a lot you could tell us
that we don't know about.” So | started to give these |ectures
and got a good audience. It devel oped into a nunber of

col | aborations with people in the clinical departnents because we
knew how to do things that they were interested in.

G and rounds in a nedical school are not bedside rounds.
G and rounds neans once a week you take inportant and interesting
cases for teaching purposes and you bring in the patient to
denmonstrate certain physical characteristics or signs, and the
patient |eaves. Then you show the x-rays, the results of the
| aboratory tests and other signs or synptons. Then you ask the
students and the house staff what they think is wong. Wat is
the situation? Wat is the diagnosis? How do you treat it?
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Grand rounds are a teaching device. Max said, "Wy don't you
come to grand rounds? W have an interesting case of this, that,
or the other coming up next week. | think you'll be able to
contribute something in terns of the basic biochem stry.” Wich
| did. (1've forgotten what those cases were at this point.) |
found that | was | earning sonething about what the problens were
in medicine in terns of the applications of biochemstry.

| attended grand rounds for a good part of that year and I
was on call so that whenever they had an interesting case that
was in ny special area of interest, they would invite ne to cone
to grand rounds to participate. Over a period of two or three

years, | did this maybe three or four tinmes a year after the
first year, and then it gradually petered out for a very sinple
reason. | had postdoctoral fellows in ny lab who were trained in

nmedi ci ne who now could do this just as well as | could, if not
better. They knew nore nedicine than | did, and they were all
| earning the biochem stry. It was good for them Today you
don't need this. W've got nore than one generation of
physicians in internal medicine today who are well trained in
bi ochem stry. It's a different world.

Bi ochem stry has becone part of the | anguage of nedi ci ne.
There are certain aspects of biochemstry we don't really teach
in the first year anynore. They're taught in the departnment of
medi ci ne. You teach the general |anguage and you teach the
basics. The applied aspects are better taught in pediatrics,
nmedi ci ne, or surgery or soneplace else. Acid-base bal ance and
el ectrolytes are no longer taught in a biochem stry course. |It's
ei ther taught in a physiology course or it's taught in the
department of surgery. They are the ones who use it. They are
the ones that have to deal with the problens of kidney failure,
ki dney function, transfusion and sim/lar problens. They know
nore about these things than we do. It's a different world.

BOHNING Let ne pursue that a little bit. You said earlier that

nost bi ochem stry departnents were in nmedical schools. Is that
pretty much still the case?

SM TH:  No.

BOHNING | think at Case Western it still is. This departnent
still is.

SMTH.  Yes, but our departnment here is only part of biochem stry
on this campus. Before | cane here, in the sumrer of 1962, | was
interviewed to see if | was interested in the position of

chai rman of this departnment, which was then call ed physiol ogica
chem stry. There was also a division of biochemstry in the
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chem stry departnent on the canpus. The division of biochem stry
in the chem stry department taught undergraduates and had a
graduate program This departnent taught nedical students and
had a graduate program | was not totally enthusiastic about

com ng here, partly because the space wasn't all that adequate.
Even though there was going to be space available two or three
years hence, | wasn't ready to wait two or three years and give
up two-thirds of ny research programto nove. | was not unhappy,
let's put it that way.

After | got back to Utah, | got a tel ephone call froma
friend of m ne naned Paul Boyer who was then at M nnesota. It
turned out that the chem stry departnent had invited Paul to cone
as head of the division of biochemstry in the chemstry
department. Paul said, "W'll be driving back through Salt Lake
Cty. Can we stop and talk?" | said, "OF course, Paul." W
knew each ot her; we were good friends. Paul canme to Salt Lake
Cty, and we spent two days tal king and one eveni ng sociali zing,
letting our famlies get to know each other. W decided that
we'd both conme or neither of us would conme to UCLA. The
arrangenent woul d be that the chem stry departnment would be
responsi bl e for teachi ng undergraduates; our departnent in the
nmedi cal school woul d be responsible for teaching nedical students
and dental students since the dental school was just begi nning.
W would set up a joint graduate program There was no sense in
having two rival conpeting prograns. W would give joint courses
with joint requirenments and we woul d set up an appropriate kind
of programwith the training grants and everything el se. Wen we
di scussed this with the people at UCLA, they said, "O course,
nobody told us about this problem” It turned out that the
previous head of the biochem stry division had wanted to be the
head of the nedical school departnent, but the nedical school
brought in sonebody el se.

Qur joint program has worked exceedingly well. A graduate
student can start in either program |[|f he |likes the research
and wants to work in sonebody's lab in the other program he's
all oned one switch. You can't oscillate. [laughter] |If you want
to work with sonebody over there, fine; vice versa, fine.

In the meantime, several years |ater, we recognized that the
bi ol ogy here was getting kind of old-fashioned and that sonething
had to be done about it. A commttee was set up to establish

nol ecul ar biology. | was asked whether | would be the head of
it, and I said no. | had enough adm nistration, and | didn't
want to build a new program | felt it ought to be done by
sonebody who was younger and who would be willing to put the
energy and effort into it. | couldn't do that and be chairman of
t he nmedi cal school, which was still building, at the sane tine.

| agreed to be chairman of the advisory commttee on nol ecul ar
bi ol ogy, and we i nduced Paul Boyer to becone director of the
Institute of Mol ecul ar Biol ogy, which was set up not as a
department, but as an interdepartnental institute involving
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menbers from biol ogi cal chem stry, chem stry, biology,
bact eri ol ogy, botany, and so on. |In fact, Paul and | served on
the commttee that recomrended conbi ni ng botany and zool ogy into
a single departnent of biology.

Bi ol ogy pl edged six new appoi ntnents to nol ecul ar bi ol ogy.
These people would get their salaries and their titles in
bi ol ogy, but woul d occupy space in nol ecul ar biol ogy, which was a
very nice new building. Several nenbers of our departnent noved
over there where they felt that the work they were doi ng was nore
conpati ble. Gaduate courses are taught jointly. The teaching
programin nol ecul ar bi ol ogy and biochenm stry is essentially one
program You can take your degree in any of the individua
departments, or in nolecular biology.

O her schools have learned a little bit fromthis, but there
are some schools where there is a separate departnent of
nol ecul ar bi ol ogy. In Berkeley, they have now conbi ned
practically all the biology and bi ochem stry in one department, a
super-departnent, with a whole bunch of divisions. It has taken
themtwenty years longer than it took us, but they were well
established and in an established place it always takes |onger to
break down the barriers. There is now superb biochem stry and
nol ecul ar bi ol ogy on a | ot of canpuses where there are no nedi ca
school s, or separated fromthe medical school or integrated with

t he nedi cal school. Yale, for exanple, now has a departnent of
bi ochem stry and bi ophysi cs which includes the people in the
nmedi cal school. Sonme people are | ocated in one place, sone

people are located in the other, but it's one departnent. At a
university like ny alma mater, Col unbia, where the nedical schoo
is physically renote, you have to have separate adm nistrative
units. The subway does not meke it that easy. At San D ego
their departnments are all totally integrated on one canpus. This
is now nore conmon than it used to be.

We're getting back to what | |earned from Frederick Gow and
Hopki ns, whose picture is over there. [laughter] 1It's al
bi ochem stry. You've seen ny bibliography. | have worked on

problens in mcroorgani sns, plants, and aninmals—to ne it's al
life. That's the way it should be. Wat we have | earned from
bacteria, we could never have | earned by studying mammals, in
order to devel op what we now know about the genetic systens. It
could only have been done first in bacteria. There are still
problens in plant biochemstry that will teach us a great dea
about living organisns and their relationship to us as nmanmal s,
that we won't learn in any other way. The problens of plant

bi ochem stry in ternms of agriculture have stayed as inportant as
t hey ever were.

| still have to explain to ny wife about ripening fruit. |If
you get unripe fruit and you want it to ripen in a hurry, you put
it inaplastic bag. Don't seal it too tightly; nake sure
t here's enough oxygen in there. The hornone that fruits make is
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call ed ethylene. Ethylene is what comes out of our gas taps.
Neverthel ess, fruits make it, and they make it in the nost
pecul i ar and unpredi ctabl e way possible. Do you know the

pat hway? From an am no acid, nethionine, by a conbination of
anaerobi ¢ and aerobic processes. Absolutely crazy. Nobody woul d
have been able to predict that. People are working very hard now
to get all the fruits in a field to nature at the sane tine to
cut harvesting costs. That's the way to do it.

BOHNING | amcurious about this relationship with the nedical
school. As you said, sone of the subjects are taught by the
physi ci ans t hensel ves.

SMTH  Certain subjects have shifted into the clinical years.

BOHNI NG That cooperati on between the practicing physician and
t he biochem st over the years—has that been a pretty good
conbi nati on?

SM TH.  There have al ways been periods of cooperation, periods of
tol erance, periods of armed neutrality, and periods of warfare,
and this will go on in every university and every departnment for
every school in the university. Forever. | think it depends on
personalities, and it depends on the way a school is run. | have
found that many of the problens can be solved with noney. Sone
of the problens are problens of turf. You have a curricul um
comm ttee who ought to deci de who teaches what, when and where.

If all the biochem stry were to be taught in the
bi ochem stry departnment today, you' d need two or three years to
doit. You can't do it. Aspects of applied biochem stry that
are very inportant should be taught in a clinic; they don't have
to be taught in biochem stry. You can't teach the structure of
an amno acid at the bedside. A student has to know what an
amno acid is to begin with. He has to know sonet hi ng about what
a proteinis and what DNAis. O course, a lot of this is now
undergraduate work. At a certain level you are noving up the
scale, and at a certain |evel you are noving down the scale.
Students conme in knowi ng all about DNA as genetic material, but
they don't know the structure of adenine. |If you ask themto
wite the structure of ATP and how it functions, they wouldn't be
able to tell you. But at |east they' ve heard of it and they know
sonet hi ng about it.

This question of graduate teaching and professional teaching
is partly a matter of turf, and partly a matter of getting things
strai ghtened out. As | said, you can always solve it wi th noney.
| sol ved one problem here when | cane that had never occurred to
people. | said, "My alma mater's done this for years." People
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kept coming to me because they wanted a biochem st in their

departnent. It is very inportant to have good biochem stry in
nmedi ci ne, surgery, and so on. "WII| you give himan
appoi nt nent ?" they asked. | said, "Wy does he need an

appoi ntment in biochem stry? Wy can't you nmake a biochem st a
prof essor of surgery?" There's no lawthat's witten in the

bi ble that a man has to have an M D. to be professor of surgery.
You need a license to practice surgery. That's different. To
hol d a professorship, you don't need this. At ny alnma nmater,

Col unbi a Medi cal School, M chael Hei del berger was professor of
medi ci ne (i munol ogy). He didn't have an M D. anynorthe an | do,
and M chael is now a hundred and three, by the way, ny ol dest
friend. Mchael has a degree in organic chemstry. |If Mchae
Hei del berger could be a professor of nedicine, why can't so-and-
so be an assistant or associate professor of nedicine?

Qur departnent of surgery has non-M D. professors, one who
is a very distingui shed i munol ogi st and another, a very
di stingui shed bacteriologist—both Ph.D.'s. This is the way to
do it. You need that person? You want hi mdevoted to the
problens in your department? Fine. He could attend our
sem nars, and he could cone to our |lectures. But he's not a
menber of the departnent of biochemstry. W can't put him
t hrough the teaching programthat we have to go through. He has
different obligations. The sane is true with radiology. You can
have any nunber of biochem sts in every departnent. This has
taken a certain anpunt of education. W've done it here. Many
school s have done so also. | don't know how many, but | don't
have to be concerned about the world anynore. | have to help
sol ve probl ens here.

BOHNING | was going to ask you in a nore general sense how you
found adm ni strative work, since when you cane here you were an
adm ni strator nore than you had been in the past.

SMTH As | said before, nmy wife thought the experience at
Squi bb was very good. | learned howto delegate. It takes a
little while to find out who the people are in the departnent who
can do certain kinds of tasks. You appoint a person and say,
"Look, you take care of this. You take care of that. For
certain things we need a conmmttee.” You pick out the nost
conpetent and responsi ble people in a particular area to do the
jobs for you. | know the departnent does not do it any |onger,
but it was a customwhich | instituted, to have lunch together in
our departnental l|ibrary every Wednesday. W all have to eat
lunch. If we have problens to tal k about regarding the
department, the school, the students or anything el se, we can
talk about it at lunchtime. |If we don't have anything to talk
about, we can tal k about science. O we can just tal k about
basebal | or football or whatever the season is, but let's neet
together at |unch every Wdnesday. W would get a report on what
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is going on when we needed it. It turned out that nobst of the
tinme there is something to discuss, and we did neet every
Wednesday. Now | gather that they have a staff neeting only once
a month. 1 don't like that. People get too renpte from one
another. The nore you bring people together, the better is the
depart ment .

I found that | could operate this way very well by having
some capabl e people who could take care of the adm ssions of
graduate students. |If you have a new appoi ntnent to nake, you
appoint a commttee. You advertise the job. You appoint the
commttee to do the prelimnary scanning and conme in with their
reconmendati ons. You pick out the ten best people, |ook them
over, and then pick out the best three. You don't need a whol e
departnment or the chairman | ooking over two hundred applications.

It makes no sense. Besides, people devel op nore of an interest
in the departnent, nore devotion to the departnent, if they know
they're a part of it and they' re being consulted on nmajor issues.

Since every appointnment and every pronotion has to be voted on
anyhow, why should the chai rman have to do all this work and
present it cold turkey to a departnment? Let them be involved in
it right fromthe beginning. That's the way |I think it should be
done.

I found that being chairman took a certain amount of tine,
but | also had a very good vice chairman. W shared all the
work. If he weren't available I'd pinch hit for him and if |
weren't available he'd pinch hit for ne. There were no secrets.
There was no "I'mthe boss" kind of thing. This went very well.
He succeeded ne as chairman of the departnent, and then he took
early retirement. After five years he said, "lIt's tine to enjoy
life." [laughter]

BOHNI NG  What do you do to enjoy life outside of all these other
activities over the years?

SMTH  After retirenent, the first thing | devoted nyself to was
getting out of town for two and a half nonths. | had told the
dean that | didn't want a | ab, but that | wanted an office and
access to a secretary. | didn't want to be on the sane floor as
t he department, so that no one would feel that | was | ooking over
his or her shoulder. | noved up here, two floors away fromthe
department. This used to be a division of the history of
nmedicine. Today it's a conbination of fam |y nedicine and sone
of the history of nedicine.

BOHNING | saw a history of nedicine sign down the hall.

SMTH. That's right. There are no | abs here, so nobody has to
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worry about throwi ng ne out because they need the |ab space. The
first thing | did when | retired was to get out of town, as I
said. W went to Europe for two and a half nonths. | had a
coupl e of nmeetings as the excuse, and | wanted to visit sone
friends and give sone lectures. W had a great tine. Wth as
much traveling as |I've done and as nuch as we've |ived in Europe
of f and on, we have friends all over the world now, including
former postdoctoral and graduate students. It was a kind of
honmecom ng.

When | returned, we started work on the seventh edition of
the Principles of Biochemstry. A few nonths into the planning
when we were getting ready to start, Abe White died suddenly. |
was asked to take over as senior author and coordinator, and then
the year after that Phil Handler died. So in effect, |I had the
brunt of it with some younger coll eagues and we turned out these
two volunmes. W decided to split it into two books instead of
one. The first book is called General Aspects in Biochemstry
(23), which is very useful for an undergraduate course or a
begi nni ng graduate course. The second volune is called Mamal i an
Bi ochem stry (24). It speaks for itself; it's specialized.

After we finished this, two of ny younger coll eagues deci ded

they didn't want to do another edition. It was too tine-
consum ng. They'd rather work in the lab; they've got a lot to
do, and they're still enjoying it. That was fine. Bob H Il and

I were sort of l[ukewarm about it, and finally | said, "Bob, if
you want to carry on, you can have it." [laughter] He decided
not to do so. So the seventh is the last edition. The first
edition was published in 1954 (25). W started in 1950. The

| ast edition was published in 1983. It had nore than a thirty-

year life. 1It's still selling, nore abroad than in the United
States today. It's still a useful book, but it is dated in many
ways. | have no desire to do it again. [|'mnot teaching
anynore. | don't need the noney and | don't need the work.

I'"ve served on a few conmittees in the university. | had
the privilege of taking on those commttees that are either
amusing or fruitful. | don't have to do any of this. |[|'ve
served on sone comittees of the ASBMB. | was sort of the nenory

and the conscience of the Society for a while, particularly on
the finance commttee. For about a dozen years we built up a
good reserve nest egg so we could do all kinds of things wthout
wor ryi ng about funds, and we stayed ahead of inflation. For the
| ast six or seven years, the Protein Society has occupied a
certain amount of tinme. The young fellows were very

ent husi astic, but they had no idea how to set up a | egal society
and get incorporated, get tax-exenpt status, begin to build
reserves, and begin to build the right kind of organization and
procedures. All has gone well.

Leisure: | don't cone in at eight or nine o' clock in the
nmorning. | cone in when | feel like it. In the sunmertine |
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usually cone in around ten because | ride ny stationery bike for
about a half hour every norning and ny wife and I go sw nmm ng.

Then we have showers and breakfast and then | wal k over. | go
honme whenever | feel like it. |If there's a seminar or |lecture
that's interesting, I'll stay for it. |1've done a certain nunber
of book reviews. | haven't done much |ecturing recently, but
I"ve given sone |lectures off canpus. Hobbies: | listen to a |ot
of nmusic and do a lot of traveling. W go to the National
Acadeny neetings. |'mnot on any Acadeny conmittee at the

nonent, but those conmttees kept ne pretty busy for a long tine.
| go to the Phil osophical Society neetings. That's about the
size of it.

BOHNI NG  Are both your sons involved in chemstry or
bi ochem stry?

SMTH. M/ oldest son is chairman of the chem stry departnent at
the University of Massachusetts at Dartnmouth. My younger son
after a Ph.D. in physics, decided to go into nmedicine, and he is
now here as an assistant professor of pediatrics. He is a

neonatologist. It is the kind of thing that he |ikes because it
i nvol ves being a specialist in infectious diseases, respiration,
bi ochem stry, etc. It involves problens in the newborn, and

particularly, the problens of the prematurely born. They are
doi ng wonderful things today in keeping themalive. Hs field of
research is basically cellular immunol ogy, rather than

bi ochem stry. He knows a | ot of biochem stry. He does not I|ike
to admt it, but he does.

BOHNING | don't know how nmuch nore tine you have

SMTH | think I'"'mgoing to give you about five or ten mnutes,
because ny voice is giving out, and we do have to go to a
retirement reception

BOHANI NG | under st and.

[ END OF TAPE, SIDE 7]

BOHNI NG One of the things we have not discussed is the details
of your research

SMTH  That is all part of the published record, as far as I am
concer ned.
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BOHNI NG The conbi nation of what you have witten on it and what

ot her people have witten on it is inportant. 1t has been
reviewed and integrated with other work in the field. It does
conveniently fall into certain categories. | have thought of

| ooki ng at how each category originated, sone of the people that
were involved, and naybe sone general comments you have, but not
to go into any of the specifics. W won't have tine to do that
today, but if I'mever back at UCLA, if you felt |ike pursuing
that for an hour or so, we could do that.

SMTH  Sure. 1|'d be delighted.

BOHNI NG W have tal ked about Principles of Biochemstry. Mybe
you could talk a little bit about how that all cane about. You
told ne how it ended, but we didn't tal k about how it started.

SMTH It began while I was in New Haven, in 1940, during that
seven or eight nonth period at the last part of ny Guggenhei m

Fel | owshi p. Abe Wiite and | kept benpaning the fact that the

t ext books in biochem stry were hopeless at that tine. Some tine
during the war years, when he cane to visit us in New Jersey, we
tal ked about the fact that maybe sonmeday we woul d have the tine
to do a textbook. He could deal with the nore physi ol ogi cal
aspects and internmediary netabolism and | could do the chem stry
and bi ochem stry of proteins, enzymes, oxidation-reduction
reactions, et cetera.

Qovi ously, during the war we were both too busy. At the end
of the war, | was noving to Utah and he was getting out of war
research and back into fundanental biochem stry. It was quite
clear that this wasn't going to be an i medi ate prospect. Then
sonmetime in the early part of 1949, at a neeting of the ASBC, Abe
said, "You know, it's quite obvious that we two are never going
to do a book alone. Wiy don't we bring in four other people?"

He made an outline suggesting how to divide up the work so that
we could get the job done in roughly a year or two w thout

i npi ngi ng too nuch on our tine, and we'd have a reasonabl e

t ext book. These were all know edgeabl e people who wote well. |
said, "All right, that sounds fine. You get in touch with al

the other people.” It was his idea; he was the senior person.

We decided that we would have a neeting at the Commttee on
G owmt h which was the research granting agency of the Nationa
Research Council adm nistering the nonies of the Arerican Cancer
Society at that tine. It net in Washington early every Decenber
to review research grant applications. Abe was on one panel, |
was on another, DeWtt Stetten was on a third panel, and Philip
P. Cohen (who had been at Yale) from Wsconsin, was on anot her
panel . Phil Handler canme up from Duke, which was not very far
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away. We started to talk about the project and made sone
prelimnary outlines. Everybody was very enthusiastic. Two
nonths |ater we were exchanging outlines of what we thought ought
to be in our sections, in order to coordinate the projected
contents. Many subjects can be in tw or three different places,
so you have to decide on a single place. You can't cover a

subj ect nore than once.

Sonetime later, Phil Cohen said he was head over heels in
buil ding up the departnent and his own research. There was no
way he was going to be able to take the tinme to do it, so he
pul l ed out. The man who was going to do the nutrition, who was
at Vanderbilt, Bill Darby, decided he couldn't participate
because he had a nunber of prior obligations. At that point, the
four of us net in Atlantic Gty, as usual, for the ASBC neeting.

We said, "Having cone as far as we have, the four of us can do
it wthout the other two." After all, dividing up those ot her
two parts wouldn't be that nmuch nore difficult. Besides which,
Abe and Phil had both worked on am no acid nmetabolism which was
what Phil Cohen was going to handle. Abe and Phil had al so both
worked in the field of nutrition. They could handle that. So we
reassi gned subjects. | took on alittle nore, they took on a
little nore, and that's the way it went.

I had not net Phil Handler before. | had nmet DeWtt Stetten
earlier, casually, because he had been a graduate student at P&S
while | was down on the canpus of Colunbia. He was Abe Wite's
age and older than I. He, in fact, had gotten an M D. before he
took his Ph.D. in biochemstry. W becane very close friends.

We worked very intimately. Very early on we decided that despite
the fact that each of us had a prelimnary assignment, we were
exchangi ng every word and every chapter and rewiting and

del eting and adding and rewiting, so we could not identify in

t he book anywhere what each one had witten. This was going to
be a comunal task, and we were all responsible for each and
every section. W all read proofs of every chapter, every word
in both galleys and pages. It nade a |lot nore work, but it made
a hell of a lot better book, |I can tell you that. Stetten pulled
out after the second edition because he becane the associate
director in charge of research at one of the NIH institutes, and
felt that he sinply had no tinme to continue.

BOHNI NG  What kind of inpact did it have when it first came out?

SMTH It had an inpact on the teaching of biochemstry in the
best nedical schools and in a |lot of undergraduate courses in
bi ochem stry. The ol d-fashi oned professors of biochenm stry
didn't like it. There was too much chem stry; it dealt with
things that were not properly within the province of the nedica
student, |ike chapters on the genetic aspects of biochem stry.
Al this stuff on nucleic acid structure was very interesting,
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but it had nothing to do with teaching nedi cal students.
[laughter] It had a chapter on evolution that was certainly
unnecessary to medi cal students. The first edition didn't do
badly, let me put it that way. It didn't do as well as we had
hoped.

In the meantime, an expl osi on was happeni ng, and we deci ded
we'd better get the new edition out in a hurry. The second
edition came out in 1959 (26), and that was an enor nbus success.

A third edition cane out five years later (27), and even nore
successfully, a fourth edition (28). | think, in retrospect,

that the third and fourth editions were probably the best
editions we did. They were very up to date. They enconpassed

t he nodern vi ewpoi nt of biochem stry better than anyone had done
up to that tinme. W all were still actively teaching and putting
our best efforts into it.

The fifth edition (29) got to be a little verbose, and was
not as well edited, partly because by that tine Phil Handl er had
becone president of the National Acadeny and was really bogged
down. The only real time he could devote to actual witing were
the sutmmers at Whods Hole. The rest of the year he could try to
read sonme literature and keep up, but he was not living with it
fromday to day. He got so far behind that, in effect, Abe Wite
and | had to take over a lot of his witing assignnents, and |
took over the heaviest part of it. At the end of that edition,
said, "CGentlenen, if we don't get help for the next edition there
ain't gonna be one." [laughter] Everybody agreed. There was no
ﬂuestion about it; the three of us couldn't do it al one any

onger .

W met in Mnneapolis, as | recall, at an ASBC neeting, and
we spent three hours tal king about whether we should do a new
edition. W talked about all the pros and cons and then we went
out to dinner. On the way back fromdinner, we nmet a whol e bunch
of people in the |obby, friends of ours, heads of departnments of
bi ochem stry fromall over the country. They all |ooked at us
and said, "Ah, these guys are plotting a new edition."” CQur
answer was, "Well, should we? Do you think we ought to do a new
edition? Do you want a new edition? Do you think it's worth
it?" Everybody insisted that we had to do it. Well, if the
response is that enthusiastic, we're going to do it, but we have
to get at |east one and maybe two additional people.

By that tinme Abe Wiite had retired from Al bert Einstein and
had gone out to Palo Alto to be a director of a new division at
Syntex, with an adjunct appoi ntment at Stanford. That was al so
one of the reasons why | got bogged down with that fifth edition.
Abe suggested bringing in Bob [I. Robert] Lehman, who knew t he
field of nucleic acids and was a major contributor to that field.
He woul d be able to handle all of the chem stry and bi ochem stry
very easily, and do it well. He wote very well. | said,
"Wonderful." | had handled all of that in the previous five

62



editions. | had kept up with that whole nucleic acid field.
had a background in genetics, so that the |anguage was not
unfam |iar, but keeping up with that literature!

The other | ogical choice was very easy. Bob [Robert L.]
H 1l had come to ne as a postdoctoral fellow and spent seven
years in nmy lab. | sent himto Duke to be an associ ate professor
under Phil Handler. He cane to ne as a postdoc and then was an
i nstructor and assistant professor. He had been doing
i ndependent research while he was still in ny lab. Then he noved
to Duke and | ater succeeded Phil Handler as chairman of the
department of biochem stry. Bob was the obvious other one to
bring in. That's how the sixth edition got done (30). It's a
good edition. The seventh got split into two pieces, and we kept
Phil's and Abe's nanme on the covers, but they did nothing in
terns of actual witing. That is the saga. Wthin a very short
time, | lost a lot of nmy closest friends, and I'mthe survivor.
As Maurice Chevalier once said on a simlar occasion, "It's
better than the alternative." [laughter]

BOHNING Wth that, let ne thank you very much for taking this

time this afternoon. 1've enjoyed it. |It's very fascinating.
SMTH It was an era when the science of biochem stry cane to
maturity. |It's been a fantastic experience to have been in it

during this period. As | said in that essay of mne, if I
remenber, that it was great fun because within a short tine you
knew everybody in the field. Now you don't. Now you know a few
people in your own specialty, and there are so nany that you
can't know themall. The point is, you knew everybody all over
the world, for that matter. Even if you' d never met you knew
each ot her, because you knew their witings. This was quite an

experience. W are still enjoying it in that sense. W | ook
forward to enjoying nore of it. | still enjoy reading the
literature and seeing what's going on. | keep up pretty well. |1
don't try to cover all topics in the sanme way that | once did.
It's hopeless. But | know the major trends. | amgoing off on
Friday to the Protein Society, and we'll have dinner on Friday

ni ght, an executive commttee neeting all day Saturday, reception
Saturday night, and |I've got to chair a scientific session Sunday
nor ni ng.

BOHNING It doesn't sound |ike that part has changed at all.
[l aught er]

SMTH. That hasn't changed at all. Sessions close at noon on
Wednesday. We'll be back Wednesday night. [1'mstill on the
board of a small foundation that gives away noney, which is
always fun. | don't do any industrial consulting anynore because
I'"ve had enough of it. |1've made a very strict policy, which is
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that I'll go away to sonething al one for one night only, but for
nore than one night | don't go anywhere w thout taking ny wfe.
After fifty-seven years, we're still getting along beautifully.
I can't ask for nore.

BOHNI NG That's marvel ous. You've commented, again in your
essay, about her support throughout your career.

SMTH. There are sone wives who will support and sone w ves who
don't.

BOHNI NG  Yes, | know.

SMTH.  She's been very supportive. She always |aughs and

rem nds ne about every four or five years that before we got
married | warned her that full professorships were very rare and
I'"d be lucky to get a good associ ate professorship sonmewhere.
[laughter] W would live reasonably well, but we woul d never be
rich, we would never do this, and we would never do that. She
says, "Boy, you have been so wong." [laughter] Not that we are
that rich, but there is nothing we really want that we |lack. The
book hel ped. Not that we made that nuch noney out of the book,
but we did fromthe investnents that the book made possi bl e.

Wen | first started to consult for Squibb in 1949, we
deci ded that we would not spend that noney. That woul d be
i nvested as future education expenses for our sons, so that they
could go to whatever college they wanted to. Utah was not ny
i dea of a good undergraduate educational institution at that
time. You can do good graduate work anywhere if you have a good
prof essor at a good |lab. Undergraduate study is different. A
state university has to take in everybody because it is state
law. At that tinme (I don't know what it is now), one-third of
the freshman class had to take bone-head English or bone-head
math or both, and that is not the nost stinulating kind of
at nrosphere. W put away that noney, and it turned out |ater on
we didn't need it. | was getting a high enough salary and enough
i ncone out of the book that we could cover it. Those early
i nvestnents have paid off, so we don't have to worry.

BOHNING On that, 1'll thank you again. | certainly appreciate
your time.

[END OF TAPE, SIDE 8]
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| NTERVI EVEEE: Em| L. Smth

| NTERVI EVEER: James J. Bohni ng

LOCATI ON: Uni versity of California, Los Angeles
DATE: 17 March 1994

BOHNI NG The last tinme we tal ked, one thing we did not do is

di scuss nmuch of your science, although we had taken you through
Ut ah and brought you here to UCLA. | thought today we m ght
review your work in the way in which you have outlined it in your
menoir (1), using the categories in which you conducted your
research. | know that a ot of this work has been revi ewed, but
| thought we mght ook at it fromthe standpoint of how it

ori gi nated, the people who were invol ved, and where your support
was comng from as opposed to going into the specifics that are
already in the scientific papers.

The first category, starting in 1946, is the peptidases.
You' ve said that cane fromyour work with Bergmann; you were
| ooking at the role of divalent netal ions and hydrolytic
enzynmes. Could you provide any nore details about how you got
into that particular area and why?

SMTH | think |I have covered in ny autobiographical nmenoir why
I went to Bergmann's | aboratory and what | did there. It left
many intriguing questions hanging during the war, when | couldn't
do any of the peptidase work. O course, no one at Bergmann's

| aboratory could follow it up because they were involved in
research on the biological action of nitrogen nmustards during the
war. Bergmann di ed before the war ended and the | aboratory broke
up so that people went in different directions. Wat | had
realized fromthe work that | had done in Bergmann's | aboratory
was that metal ions, |ike magnesi um and manganese, were needed
for the activity of certain peptidases. It was unlike oxidative
enzymes, where it was known that elenents |ike copper and iron
coul d change val ence, and that could be understood easily in
terns of their being receptors or donors of electrons.

VWhat was the need for a netal ion in a hydrolytic reaction?
At that tinme it was known only that magnesi um was required by
certai n phosphatases and that even magnesi um or manganese was
required by certain peptidases. That was the extent of our
know edge. Wiile |I had been in Keilin's |aboratory in Canbridge
before the war, he and [ Thaddeus] Mann had di scovered t hat
carboni ¢ anhydrase was a zinc enzyne, which again was an el enent
that didn't change val ence, but was essential for a hydration or
a dehydration reaction. The enzyme converted carbon di oxi de and
water to carbonate and vice-versa. So the question is: what role
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did metal ions play in these hydrolytic reactions and how

uni versal was this, and how universal were these enzynes?
Initially these enzynes were known only fromintestinal nucosa,
where it was thought that their primary role was in conpletion of
di gestion of proteins and peptides to finish off what the
proteinases didn't do in liberating free amno acids. It was

al ready well-known that in digestion only free am no acids are
absorbed into the blood, and that our tissues build proteins from
free ami no acids and not from pepti des.

Wen | came to Utah, | started on two Iines of work. One
was to see whether the peptidases were present in all tissues,
whi ch was determ ned soon. Second of all, nmy students and |

tried to purify a nunber of these enzynes to see what we could
find out about the nature of the enzyne, and try to think about
what the nmetal ions did. | came up with the notion that the
metal ion was involved in conplexing on the one hand with the
enzyme, and on the other with the substrate. The exact notions
at the tine in 1948 and 1949 were pretty naive, but neverthel ess
it stinulated the whole field. Soon cane the realization that
there were a vast nunber of enzynmes in nature that were non-

oxi dative and in which ions of manganese, nagnesium and zinc
were involved. Subsequently, a |lot of others were found, even
bi zarre ones |ike nickel which is in the active site of urease,
whi ch had been the first enzyne actually crystallized. Nobody
had di scovered the nickel until very recent years because nobody
t hought of |ooking for it.

So we now have this array of netal ions that participate in
a vast nunber of different enzynme reactions. W cane up with the
notion, which was first published in 1949 (31) that the nmetal ion
m ght bind by conpl exi ng to carboxyl groups or am no groups, and
at the peptide bond, but at the sane tinme it did not explain the
specificity of these enzynes. One enzynme had been called | eucine
am nopepti dase because it required a free al pha-am no group in
the substrate. Although |eucine peptides were the nost
sensitive, the enzyne actually hydrol yzed a | arge nunber of
di fferent peptides. Provided the side-chain was non-polar, the
size of that non-polar group determined the rate of action by the
enzynme. |If there was a polar group on the side chain attached to
t he al pha-carbon invol ving either a carboxyl or an anmoni um
group, the rate of reaction of the enzynme was very sl ow i ndeed.

So we cane up with the hypothesis, which was fairly obvious,
that this non-polar side-chain also had to bind to the enzyne,
presumabl y through non-polar forces, and that ions would disturb
this reaction. This agreed with the Bergmann hypot hesis of a
three-point interaction between enzyne and substrate, in order to
explain the specificity for |-peptides rather than d-peptides.

It also satisfied the requirenents of explaining the relative
specificity of the substrates. W attributed the side-chain

interactions to van der Waal's forces or hydrophobic forces as
they're now called. That basically was the beginning of this
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r esear ch.

BOHNI NG  Who were sone of the people who worked on that for you?

SMTH. One of the people was a graduate student nanmed Darrel
Spackman, who got his Ph.D. with me and subsequently was a post -
doctoral fellowwith Stein and Mbore in New York. He
participated in the design of the automatic am no acid anal yzer.
He was exceedi ngly good with his hands and clever with
mani pul ation. He had several opportunities to go el sewhere, but
he worked at the Rockefeller Institute until the nmachi ne becane
commercially available. It was nade first by Beckman instrunents
and Spackman subsequently went to work for Beckman instrunents.
He then went to Seattle to another research job.

Anot her person who participated in this work was W J.
Pol gl ase, or Jim Pol gl ase, who was originally an organic chem st.
He did a great deal of the synthetic work in maki ng many of the
peptides that we used in these studies. He subsequently went
back honme, when the opportunity becane available, to the
Uni versity of British Colunbia, Vancouver, where he |ater was
chai rman of the departnent. He is nowretired. They were the
two principal people who were involved in the early experinental
work in Utah.

I should note that in ny first years at Uah, | synthesized
many peptides with ny own hands.

When | had been invited to the Cold Spring Harbor Synposium
to give a talk in 1949, Rufus Lunry had just cone to the lab and
we had gone through the ideas with him He was the one who
deci ded to do sone cal cul ations to see whether van der Waal's
forces and interactions would explain nuch of the specificity.

I ndeed, you do get the sane kind of curve for the strength of the
van der Waal's interaction as you do for the series of honol ogous
peptides in ternms of their interaction with a hydrophobic pocket.
He was a co-author of a paper that was presented at the Cold
Spring Synposiumat that tinme (32). Lunry went on to becone

prof essor of physical chem stry at the University of M nnesota,
where | think he's retired now too. W're tal king about work
done in the late 1940s, so it's forty-five years ago.

In |l ater years, a nunber of other students and post-doctora
fellows contributed to sone of the peptidase studies.

BOHNI NG What was your source of financial support?

SM TH.  The support cane fromthe National Institutes of Health,
primarily, and that was through a fairly generous grant that
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supported the | aboratory.

A big change in work began to take place in the early 1950s.

[ Frederick] Sanger had presented in 1949 in the same Cold Spring
Har bor Synposium his first work on determ ning am no end-groups
and a partial amno acid sequence of insulin. Wrk had al so been
presented on am no acid analysis where two things were now
becom ng clear. One was that an attack on the am no acid
sequences and the structure of proteins was becom ng feasible.
Second, that am no acid analysis, which used to be | aborious and
requi red huge quantities, was now getting down to the mcro-scale
wor k, mainly because of the work of Stein and Moore, and that
this would aid in determ ning and understandi ng structure of
enzynmes and ot her proteins.

The result was that in 1952, when Ted [Edward O P.]
Thonpson got his Ph.D. degree with Sanger in Canbridge, he cane
to ny laboratory at nmy invitation. 1 had a grant fromthe
Rockefel |l er Foundation to support Thonpson and his wife. He
i ntroduced the Sanger nethods of doing end-groups and of
separating small peptides by paper chromat ography and paper
el ectrophoresis in the |laboratory. At the same tine we began to
set up the colum chromat ography for doing the Stein and Moore
separation of amino acids for quantitative analysis. W realized
that since we had the | eucine am nopeptidase in a fairly pure
form it was quite clear that a protein of over two-hundred
t housand nol ecul ar wei ght was not going to be subject to am no
aci d sequence studies at that stage of history, plus the fact
that the quantities that could be obtained of these aninal
pepti dases was so small that we wouldn't be able to do nuch
anyhow. The nmethods at that time required fairly |large anounts
of protein.

So we began to think about other proteins to study, which
woul d give us the kind of information we wanted. It was for that
reason that |I hit on the notion of studying the plant proteinase
papai n, since the crude dried |latex from papaya was available in
| arge quantities. In our hands we | earned how to crystallize it
and purify it fairly easily, so we could prepare grans of the
substance at a time. W knew that its nol ecul ar wei ght was
fairly low, and we neasured it again fairly carefully. W were
dealing with a single peptide chain in the twenty-thousand range
rat her than sonething in the two-hundred thousand range. So we
began to study the specificity of papain, nechani smof action,
ki netic studies, and also at the sane tinme (1952-1953) began
structural studies on the enzyne.

BOHNING We'll see nore of this, but you have been witness to
radi cal changes in experinental nethods in biochemstry fromthe
early days.
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SMTH  Everything is nethods. [l aughter]

BOHNI NG  When t hese new sequenci ng techni ques were avail able, or
when the new chromat ography techni ques were avail abl e, how
rapidly did they take hold, and how rapidly were refinenents
made?

SMTH.  They took hold exceedingly rapidly, and the refinenments
were just steady. | net Sanger at the Cold Spring Harbor
Synmposi umin 1949, and we becane very good friends at that tine.
In 1951 he cane up to visit us in Salt Lake Cty, and it was

t hrough himthat | induced Thonpson, who was from Australia, to
come and spend a year or so at our |aboratory before going back
to Australia. It was Thonpson who cane to our |aboratory to

i ntroduce the fluorodinitrobenzene nethod of doing am no end-
groups of proteins. Wthin the first week that Ted Thonpson cane
to the | aboratory, and since we had all the pure am no acids
avai | abl e, Thonpson, Mary MFadden (a graduate student) and |

synt hesi zed all the dinitrophenylam no acids in one day, and
recrystallized themthe next day or the day after. [laughter]
This was sinply a canpaign to get everything ready to start doing
the work. W had the wherewi thal, he had the techni que, and we
went ahead and got everything ready.

At the sanme time we set up all the tanks (we designed and
had built them ourselves) to do the kinds of paper chronatography
and paper el ectrophoresis that we needed for identifying all of
t he dinitrophenyl or DNP-ami no acids, and for isolating and
separating the snmall peptides that you could get by partia
cl eavage of enzynes and proteins. W started to do this work
just as fast as it was introduced. Since More and Stein were
close friends of mne and I had worked in Bergmann's | aboratory
across the hall fromBill Stein and next door to Stan More, |
went to see themevery tine | visited New York. So | was
t horoughly aware of everything they were doing, and as soon as
t he net hods were avail able, not only did we use themin our
| aboratory, but I sent themny student [Spacknman] to participate
in their work in devel oping the automation for the instrunent.

This is another way of saying that the field of protein
chem stry was very snmall at the tine. There were a limted
nunber of people in it because the big excitenent of biochemstry
in that era was intermedi ary nmetabolism thanks to two things.

C- 14 becane readily available. Everybody was | abeling conpounds
to see what happened during the netabolismof an am no acid, a
carbohydrate, or other inportant natural products. Al the

pat hways of synthesis and degradation of amino acids in a variety
of species, of carbohydrates of all kinds, of lipids, everything
was bei ng worked on sinmultaneously in every active |laboratory in
the United States. So the big excitenent was really metabolic

bi ochem stry at that stage of history.
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Those of us who were interested in nmechani smof action of
enzynmes and in protein structure were in a very limted nunber of
| aboratories. There may have been half a dozen in the whole
country that were devoted essentially full-time to such studies.
W were doing enzynme studies as well, but not with C-14. W were
maki ng synthetic substrates and studying specificity, which is a
di fferent kind of endeavor. Watever was happening in the
protein field was rapidly comruni cated from one | aboratory to
anot her and everybody was up to date. Everybody shared
techni ques, in essence, because it was the only way to nake
progress at the tine.

BOHNI NG Who were the other players besides your group and Stein
and Moore?

SMTH.  There was Sanger's group, of course, in England.

[ C aude] Fromageot in Paris. Pehr Edman, initially in Sweden,
and then in Australia when he got nad at the Swedes for a variety
of reasons. CQur l|aboratory, Stein and More's |aboratory,
Fruton's | aboratory in New Haven, [Christian] Anfinsen at the
NI H, Hans Neurath in Seattle. That was it. C H Li was
studyi ng protein hornones at Berkeley. On the physical side
there were many peopl e involved, but |I'mtalking about the
organi c structural side. Those were the |eading players.
Starting in the late 1940s and early 1950s. Wthin a decade,
there were many others, and students fromthe various |abs were
goi ng around the country starting their own | aboratories. This
is what happens. It grew exponentially for quite a long tine.

Now the ol d nethods are al nost out of date. People in a
sense are determ ning protein sequences by studying the nucleic
acid sequence, and now that the techniques exist for doing the
sequence of DNA and of anplifying the DNA and the synthesis of
the corresponding protein, you don't need to do it by the nethods
we used. That's one of the reasons | stopped work when |
retired, because | knew that if I were to continue | would have
to change fields conpletely. The nethodol ogy that we had been
gsing and that we had hel ped to devel op was now hopel essly out of

ate.

BOHNING It was at this tine that genetics was really begi nning
to change. As Arthur Kornberg has said, it changed from an
obscure branch of biology to chemstry. At this tinme was there
still a concern over the role of proteins in genetics?

SMTH: That had been answered. As far as | was concerned it had
been answered with the work in the nmddle and | ate 1940s. It had
been answered by the work of [Gswald T.] Avery, [Macyln] MCarty,
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and [Colin M] MacLeod at the Rockefeller. After all, | had

| eft the Rockefeller in 1942 and I knew what was goi ng on. Wen
t hey published their work in 1944 (33), it was quite clear that

the genetic information in the type-specific pneunobcocci was in

the nucleic acid. That was anply proved.

In fact, | can recall a long argunent with Arne Tiselius,
who was chai rman of the Nobel comm ttee, why the Nobel prize had
not been given to Avery for that work. Wat it reflected was the
fact that Tiselius, although a very nice man, was essentially a
physi cal chem st and naive about biology. He didn't realize the
i nportance of this work. Then Avery died shortly thereafter, and
there was no way of giving the Nobel Prize to his younger
col | aborators. That argunment with Tiselius took place at the
time of the 1UPAC neeting in 1951.

Mor eover, in 1950-51 | began col |l aborating with my co-
authors in witing The Principles of Biochemstry (25). Since |
was regarded as nore the chem st-geneticist of the group, since
after all | had been trained in biology and had taken all the
advanced genetics at Colunbia, | was given the task of witing up
the chem stry of nucleic acids and the genetic inplications. The
information regarding the structure of nucleic acids, including
all of the [James D.] Watson and [Francis] Crick ideas, and the
description of all of the work of [George W] Beadl e and [ Edward
L.] Tatum fell on ny shoul ders. The book went to press in 1953
and it canme out in 1954, the first textbook of biochem stry that
had all that information in it. The chapter was called
"Evol ution, Genetics and Metabolism"”

Now, for an anecdote that will armuse you. Wen this book
was submtted to MG awH Il in manuscript, the editors were
horrified, at |east the senior editor was, and it was regarded as
far too long and conplex for an elenentary textbook. They
proceeded to send the book to two ol der senior biochem sts, who
felt the book was very good but it was rmuch too | ong and nmuch too
difficult. One of the suggestions they both made for shortening
the book was to | eave out that chapter on "Evol ution, Cenetics,
and Metabolism" which always gives nme much to | augh about in
| ater years. [laughter] They regarded it as unnecessary. That
is the part of biochem stry that has expanded the nost in the
| ast forty years.

BOHNI NG  How did you manage to keep it in?

SMTH W said, "Gentlenen if you don't want the book, send the
manuscri pt back. There are three other publishers banging on our
doors, [laughter] who will take whatever we give them" They
said, "Ch, we'll publish it, we'll publish it."” [laughter] They
didn't regret it. So that tells you the story, that we were
awar e of what was going on. | had net Francis Crick in 1952, the
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first time | went to England after the war; | was a prodigal son
returning. M old professor David Keilin in Canbridge arranged a
big party to neet sone of ny old friends as well as to neet sone
of the younger people. | renenber very well his words
introducing Francis Crick to ne and vice-versa, saying sonething
like, "You two probably tal k about as nmuch and as fast as anybody
I'"ve ever known. Let's see who can out-talk whom" [| aughter]
Francis and | becane very good friends fromthat point on, and we
agreed about many things and di sagreed about some things.

BOHNI NG  Coul d you give ne sonme nore details about your
argunments with Tiselius about the Nobel prize?

SMTH: | had felt there were two fields that the Nobel comittee
had overl| ooked. Al though Tiselius was in the chem stry section,
this could be either chem stry or nedicine, depending on which
one you wanted. The committees do get together and tal k about
the awards. There were two things that | had argued with him
about. One was genetics, which they later rectified by many
rewards. The other one, | felt, was the contributions of M chael
Hei del burger in imunol ogy. |In fact, Avery could have shared the
prize with M chael Heidel berger for discovering type-specificity
of the pneunobcoccal and streptococcal organi sns being due to
pol ysacchari des and not due to protein. It was Avery who
recogni zed type specificity in pneunococci, hel ped to devel op the
antiserumof all the different types, and turned over the
materials to M chael Heidel berger who isol ated the carbohydrates
and conti nued working on themoff and on for the rest of his
life. It was a major achievenment, both in chemstry and in
medi cine. O course, the antibiotics made the antisera out of
date later on, but that had nothing to do with what cane earlier
In fact, today the polysaccharides are all back in action, being
used for inmunization, rather than worrying about antibodies to
cure the pneunpnia after it takes place. Probably, nore than
anyone el se, Heidel berger and his students nmade i nmunol ogy a
guantitative science and hel ped to establish that antibodies were
pr ot ei ns.

[END OF TAPE, SIDE 1]

SMTH In other words, what |I'msaying is that the Nobel
Committee is not infallible. They don't pretend to be, and

t hey' ve made sone serious mstakes. One could nmake a substanti al
list of mstakes that they' ve made. They' ve nade fewer m stakes
in comm ssion than they have in omssion. | think the m stakes
that they've made in comm ssion have been nore in nedicine than
in chem stry, where they've made a fewreally terrible blunders.
But in chemstry, | think practically everybody who has received
the prize deserved it, but there were perhaps nore who deserved
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it who didn't get it.

BOHNI NG As an aside, what were sone of the blunders that they
made i n nedicine?

SM TH: There was a Portuguese surgeon who did | obotomes to cure
insanity. Sure, if you take away the brain, you' re no |onger
insane. This was hardly a valid treatnment for nental disease.
That was one big blunder. Another big blunder was the
recogni ti on of sonebody who found that if you got nmalaria it
counteracted the effect of tuberculosis. W now know that this
is due to the high tenperature. It had nothing to due with the
tuberculosis or malaria. There were a nunber of other things of
that kind in nedicine, fly-by-night inportant discoveries.
Recent awards in nedicine on the whol e have been pretty good.
It's some of the older ones that were pretty ridicul ous.

On the other hand, in chem stry, biochem stry, whatever you
want to call it, the om ssion of the proof and the
characterization of antibodies, which was |argely M chae
Hei del berger, was rectified when they |later gave the prize to
Rodney Porter and Jerry [Gerald M] Edelman in nedicine for the
chem cal nature of antibodies for the determ nation of am no acid
sequences. But that was derivative in a certain sense. Once you
| earned how to do the ami no acid sequence of proteins, why reward
anti bodi es nore than any other kind of protein? So that was
really secondary. O course, the nucleic acid work was
recogni zed with Watson and Crick, but again it took years before
they gave the prize. After all, the original paper was 1952 and
it was sone years before the Nobel people were sure that was
inmportant. That was a real blunder. | think one of the najor
bl unders was the fact that my old professor who discovered the
cytochromes and did so nmuch to unravel the conplexities of
bi ol ogi cal oxidations in respiration, David Keilin, never
received it. This was a real injustice. But there were others.

BOHNING In Avery's case, had there been nom nations proposed to
the commttee?

SMTH.  No way of know ng but I would assune so. Al | can say
is that I nom nated Mbore and Stein three tinmes before they got
it. [laughter] Many nore people will be nom nated than will ever
receive it, which is as it should be. You expect that. But they
finally got it. In fact, | was furious when the Nobel Prize for
nmedi ci ne was announced before the chem stry prize that year. (It
usually is; they all have their dates set.) They announced the
Nobel Prize in medicine to Porter and Edel man, whose work
depended entirely on the work of Moore and Stein. | was just
absolutely furious. | was ready to get on the tel ephone with ny
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friends in Sweden and | anbast them when the chemi stry prize was
announced and it turned out to be More and Stein. But, they
gave it to themand Anfinsen for the ribonucl ease work, rather
than the nethodology. It didn't make any difference.

BOHNI NG  From what you said it sounds |ike the Nobel committee
is not a mx of ages and experiences, but the senior type of
i ndi vi dual .

SMTH  I'mwell aware of what it is. By statute, in nmedicine it
is the full professors of the Karolinska Institute, which is the
nmedi cal school of Stockholm who vote. As sone of ny friends
have told ne, "You can't give the prize to biochem sts every
year. You have to nake treaties with internists, surgeons

pat hol ogi sts and pharnacol ogi sts as to who's going to get it in a
given year. Sure you can give it to biochem sts every year, but
you woul d have problens persuading the others.”™ So that's part

of the politics.

The other part of the politics is that the chem stry prize
is given by the chemstry section of the Royal Acadeny of Sweden.
Physics is given by the physics section. | think the chem stry
section has only twenty nenbers. Unless this has changed (and it
very well may have), there used to be an equal nunber of organic
chem sts, physical chem sts, inorganic chem sts, analytica
chem sts, and biochem sts. So again, you have to make treaties
as to whomyou are going to honor this particular year. You
can't give it to a biochem st every year or to an organic chemn st
every year. \What the analytical chem sts do in participating in
this I"mnot sure, because | don't think anybody's gotten the
Nobel prize in analytical chemstry for a very long tine.

[l aught er]

BOHNING The only one | can think of is [Jaroslav] Heyrovsky for
pol ar ogr aphy.

SMTH That's a long tine ago [1959].

So that's the way the Nobel conmttee works. |[|'ve known
vari ous people in the chemstry section. In fact, for a long
time the chairman of the chem stry section was ny fornmer post-
doctoral fellow, Bo Mal nstrom who just retired |ast year from
Goteborg University. He said it is a very difficult job. You
get an awful |ot of nom nations and you've got to haggle. The
Committee has to decide here and now who's going to get it. Then
t he Nobel committee set up this firmrule that a prize cannot be
shared by nore than three people. Sonetinmes this becones a very
difficult situation
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BOHNING At that sanme tine, you also started doing some work in
i mmunogl obul i ns.

SM TH.  The i mmunogl obulin work was actually an outgrowth of sone
things that | had started at Squi bb. The work at Squi bb had
|argely started for two reasons. One, | was involved in the

bl ood fractionation program whi ch had been devel oped by Cohn and
Edsall and their group at Harvard and in the production of the

i mmunogl obul ins. The human i mmunogl obulin fracti on was used

mai nly for passive i munization; first against diphtheria and
tetanus, and second of all it was used against hepatitis. 1In the
course of that work we had prepared a | ot of immunogl obulins and
the section that | was in at Squi bb was al so preparing horse

anti toxins.

One of the people at Squibb, August Holm had a bright idea.
It had been known for a long tine, since the work of Pau

Ehrlich, that mlk contains antibodies. A newborn calf has no
anti bodi es, but after it suckles, these antibodies are in the
bl oodstream of the calf, and therefore they are protected. It
was known that human infants don't nake anti bodies right away
after birth, and that the human infant does obtain sone
anti bodies fromits nother by placental transm ssion. Placental
transm ssion takes place in humans and primates, but it does not
take place in ungulates. 1In cows, sheep, and goats, antibodies
are transmtted via the first mlk or colostrum whereas in other
speci es, depending on the type of placenta, antibodies are
transmitted fromthe nother's blood into the infant's bl ood.

Hol m had the bright idea that if we could i mmunize cows, you
could collect these m |k antibodies which could be used for
feeding human infants and protecting them against certain common
di seases |ike diphtheria. So an experinment was set up with five
cows. | was asked if | would purify the antibodies frommlKk,
which | did, using sone of Cohn's methods and sone ot her nethods.
We had pure anti body fractions frommlk, and while | was at it |
purified some fromthe horse and fromsheep as well. | had a
whol e battery of these things. | had enough help to do this,
whi ch you can get in industry. The project was not very
practical because it was much too expensive. Nevertheless it was
interesting, and it gave nme sone fun purifying sone proteins.

We al so had on hand fromthe days before antibiotics and the
sul fonam des, the various rabbit antibodies for different types
of pneunococcus. W also had the specific pneunbcoccal
pol ysacchari des, which had been prepared at Squibb. In fact,
during the war years an experinent was carried out at one of the
arnmy canps, | believe in North Dakota, where pneunpnia was
endem c. They used the pol ysaccharide antigens to see how
effective they were in inmunization. They did the usual
experiment of imrunizing part of the canp and not i nmunizing the
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ot her, and the inmunization was so successful that the pneunonia
total ly di sappeared, because once you rendered half the canp

i mmune the carrier rate dropped, and the epidem c stopped. You
don't have to i munize everybody to stop an epidenic

People lost interest in this after the war because

penicillin becane avail abl e, and other new antibiotics were
di scovered. Sul fonam des were ancient history by then, ten to
twel ve years old, but penicillin becane available on a | arge

scale only after the war. Now, pneunopcoccal antigens, which are
all polysaccharides, are being used again to i mmunize ol der
peopl e, people who are susceptible for whatever reason

In any case, when | left Squibb, | asked ny boss, "Can I
t ake these preparations whi ch nobody wants?" He said, "O

course." So | took all the pneunococcal polysaccharides with mne.
| took all the rabbit antiseruns reactive with these
pol ysaccharides with me. | took all this other stuff that | had

prepared, and sanples of various other things. Wen M chael

Hei del berger found out that | had the world' s supply of
pneunococcal polysaccharides, (and we had been friends before), |
gave himpart of ny stock

That's how the anti body work started. W showed, that if we
took, for exanple, a specific pneunpbcoccal polysaccharide
(repeating the Heidel berger experinent) you could precipitate the
anti body for this specific type. The precipitate was washed by
centrifugation several tinmes to renobve non-anti body proteins. It
didn't matter that the polysaccharide was there; you could do an
am no acid analysis. W showed that the am no acid conposition
of different anti body proteins differed. W showed that the end
groups were mxtures of different types. But at that tinme |
didn't start in to do any structural work because we knew t hat
t hose anti bodies were large nolecules. W got into this field
because we had the raw materials. W had an ultracentrifuge and
we could study the physical properties. W had an
el ectrophoresi s apparatus and we could do the charge properties.
And we coul d do the end-groups and am no acid analysis. At about
that tine, we becane heavily involved in the study of smaller
enzymes, |ike papain, the subtilisins, the cytochronmes, and
others, so we dropped the antibody work. Rodney Porter and
Jerry Edel man went on to study them You can't do everything.

BOHNING It sounds |ike except for the size limtation...

SMTH. We were in a good position to do it.

BOHNING ...you just had a wi de open choice of all kinds of
things at that tine.

76



SMTH  The reality is that | was interested in the enzyne
problem | also loved to study problens for which you can have a
qui ck assay—an enzyne that can be assayed in a coupl e of
m nutes. \Wen it cones to antibodies, it becomes a nmuch nore
difficult situation. Later on, what happened is that once the
| ab becane well known as a place that was active in protein
structure and was actually acconplishing sonmething, we were
bonbarded wi th requests from people who wanted to conme to our |ab
to learn the nethods. That's why we branched out into a variety
ﬁf gther smal | proteins to study, because we had the people on
and.

BOHNI NG That was anot her question | was going to ask you. How
readily you were able to attract qualified people to work with
you?

SMTH: That was no problem \When the work beconmes well known
people are attracted, if they're interested in the field and in
| earni ng the net hodol ogy.

BOHNI NG What about the networking of people who were working in
those early days, especially when it was a small group—t he
exchange of students and people. How nmuch of that went on?

SMTH  Well, it always goes on. In every field. It went on to
a large extent, not necessarily between the people who are in the
field al ready, but between people who wanted to get into the
field. For exanple, when Ted Thonpson went back to Australia in
1952, from 1954 or 1955 on until | retired, there was al ways at

| east one Australian in the lab, fromeither Ml bourne or Sydney
or soneplace else. So the connections were established with
Australia and a steady succession of people cane. This was al
new to Australia, of course, but Australia has had a strong
tradition of interest in protein chem stry because their |eading
export for a long tine, and may still be for all | know, was

wool —a very inportant protein. The wool research |aboratories
of Mel bourne, Sydney, and el sewhere were stocked with people who
were trained in Europe and the United States. Thonpson went back
to the wool research | aboratories in Melbourne, but then |ater
becane professor of biochem stry at the University of New South
Wal es in Sydney, fromwhich he retired just a few years ago.

had a nunber of people fromhis |lab who cane to work with me, as
well as fromother |aboratories in Australia. So that is the way
t hese t hi ngs happen.

In Engl and, a nunber of people cane to ny |ab from Oxford,

from London, fromthe | aboratory at St. Mary's Hospital Medica
School, where Al bert Neuberger was professor of chem cal
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pat hol ogy, and Rodney Porter was there also before he went to
Oxford. | had at least three or four people fromSt. Mary's who
came either through Neuberger's |aboratory or Rodney Porter's

| aboratory. Rodney Porter was a very close friend, and |
supplied the pure papain for his work of chopping up anti bodi es.
So the ties were all there. As | said, Sanger's second graduate
student (Thonpson) canme to work in my |laboratory. | don't know
how many cane from Engl and, how many cane from Australia, from
France, fromltaly.

In sone instances, people cane from| aboratories where there
was no tradition of protein chem stry. Today there certainly
isn't an inportant department in this world that doesn't have
peopl e who are working on either nucleic acids or proteins or
both. This was certainly not true forty years ago when the big
interest was still internediary netabolism Then everybody had
C 14 and worked on netabolic pat hways.

BOHNI NG  When did internediary nmetabolismdecline in terns of
interest?

SMTH  Well, it's still here. It's just gotten smaller and nore
specialized. | think historically, one can say, initially

i ntermedi ary metabolismwas concerned with the nost general

pat hways. |In other words, how do you make gl ucose, how do you

break it down? Every organi smuses glucose in one way or

another, and the related transformati ons of other sugars into

gl ucose or fructose are general. The sane twenty am no acids

are, after all, the building blocks of all proteins. The sane
four nucleotides go into DNA. So the pathways of working out how
you make each of these am no acids, or nucleotides, and how you
break them down, is general for all organisns, except those
organi sns that can't nmake certain of them W can only make half
of the am no acids ourselves; the other half we have to get from
our food.

So these were the first problens of internediary netabolism
that | oomed large in the world of netabolismto biochem sts.
Lysine is inportant, tryptophan is inportant, alanine is
i mportant, glucose is inportant, glutamc acid is inportant. So
all of these pathways were the first to be worked out. Then you
get into specialized situations, such as what happens in
di fferent m croorganisns? Wat happens in plants? Do plants use
t he same pat hways for nmaeking, let's say aspartic acid, as does E.
coli, or that we do? Those are the specialized aspects. That
goes on, and will continue to go on, because there are speci al
and i nportant things that happen in different species.

For exanple, in plant biochem stry, it has been known for a
long tinme, and | don't recall how it was discovered, that
ethylene will make unripe fruits ripen. 1t was also known that
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it requires oxygen. So you could store green bananas, for a | ong
time in an inert atnosphere of nitrogen and they won't ripen.
Whenever you want themto ripen, let in the oxygen, and if you

add a little bit of ethylene, you'll really speed up the process.
It was nmuch later that it was discovered that ethylene is the
ri pening agent that is made by plants. It is a plant hornone.

I don't think anybody woul d have predicted fifty years ago
that ethylene is made from nethionine, a sul fur-containing am no
acid with an S-nethyl group, a thio-ether. Wat has that got to
do with ethylene? But that's the way that plants make it.
Nobody woul d have anticipated it. But people were studying the
synthesis of ethylene as a plant hornone, and finally they worked
out that it's a two step reacti on—one aerobic and one
anaer obi c—t hat ends up with ethylene. So internediary
netabolismw Il never die; these specialized pathways w |
continue to be studied forever, because there are speci al
ci rcunst ances, special organisns and so on that have to be
studied for practical reasons or for theoretical reasons. But

the maj or push for the main substances of all |iving organi sns
was really finished around the |ate 1960s or early 1970s. There
are still plenty of unsolved problens. There are still

speci al i zed aspects of these problens, but other things have cone
into the picture.

Anot her way of saying it, as a philosophy of biochem stry,

the old problens don't disappear. It's just that with new
di scoveri es you have new and exciting fields that develop. So
the old fields are still around, they're still flourishing, but

to a | esser extent. Fewer people are working on them but on
nore specialized organi sns or organs or tissues the new fields
have | ooned very, very large indeed. So that's why biochem stry
or nol ecul ar biology or whatever you want to call it, since |
regard both as the same thing, has becone the total |anguage of
all of the biological sciences. This is where we are.

BOHNI NG  Who were sone of the people who worked with you on the
i mmunogl obulins? We didn't really tal k about the individuals who
wer e responsi bl e.

SM TH.  The physical studies | did nyself, with the help of ny
techni ci an who ran the el ectrophoresis and the centrifuge. That
was Doug Brown. He was a technician who was trained originally
by me at Squi bb, and whom | brought to Utah because he wanted to
finish his undergraduate work. He took what courses he needed,
provi ded he made up the tine on weekends or evenings, so that he
woul d be entitled to full-tine pay. After he finished his
bachel or's degree, he decided he didn't want to go on to graduate
school. He stayed with me for the seventeen years | was in U ah,
and then noved to Los Angeles with me. He continued to work for
about three or four years after | retired, since he' s younger
than | am He's nowretired. He did all the work in running al
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the el ectrophoresis and the ultracentrifuge and the other Kkinds
of physical nethods in which | had trained him

Much of the other work on the anti bodi es was done by a
gr aduat e student nanmed Mary MFadden, who did the end-groups of
the rabbit antibodi es and was responsi ble for sone of the am no
acid analysis as well. Since |I had recognized that all of the
anti bodi es cont ai ned carbohydrate, we decided to | ook at the
carbohydrate and to determ ne where the carbohydrate was attached
to the protein. Sone of that work was done by another student
named Chris Nolan, also by a student naned John Rosevear, and a
post-doctoral fellow who did sone of the carbohydrate work nanmed
John Rothfus. At that point we decided to drop the problem W
got what we wanted out of it, and we showed that the carbohydrate
was attached to aspartic or asparaginyl residues. The sequences
around that attachnent are essentially honol ogous in all the
different species: bovine, equine, human, and rabbit. As it
turns out, the carbohydrate site has nothing to do with the
anti body specificity; it has to do wth the attachnment of the
conpl enent, a recognition site for cells that attack antigen-
anti body conpl exes.

[END OF TAPE, SIDE 2]

BOHNI NG  You worked in the |lab yourself, but did you ever reach
a point where you no longer did so? 1've talked to a nunmber of
peopl e where there's a point, sonetines very early in their
career, where they are no |onger working in the lab. | had the
feeling that Harlan Wod, even the day | was there, was still out
inthe lab with his students. | wondered what your situation
was?

SMTH M situation was that up until the tinme of the second

edition of The Principles of Biochemstry (26), | worked in the
[ab. When | first came to Uah, | started out with one
technician; later, | had one or two post-doctoral fellows and a

student or two. As long as the nunber of people that | was
responsi ble for was about five or six, and I had no rea

adm ni strative responsibilities other than running ny own |ab, |
put in a fair amount of time in the lab nyself.

Beginning in 1949 or 1950, | was asked to serve on an NI H
study section, which neant three neetings a year and a | ot of
applications to read. | had to travel to Washington three tines
a year. Then in 1950-1951 we started work on The Principles of
Bi ochem stry, and | was still able to get into the lab a fair
anount. But | no longer could carry a problemthat required ny
attention every day. So frequently |I was the one who did the
organi ¢ synthesis of peptides and derivatives. | could do a
coupl e of reactions and then let material crystallize in the
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refrigerator for a couple of days. |In fact, sonetines it was
better to | eave a preparation a few days rather than trying to
work it up right away. It could sit for a week or two; it stil
didn't make any difference.

It was sitting there under an organic solvent, well -
stoppered. Then when | found tine, | could go on to the next
step or steps. To carry on enzynme purifications with ny own
hands becane inpossible fromthe early 1950s on sinply because
they were too unstable. But doing organic work, or doing

anal yti cal work of sonme kind was still feasible. Doing enzyne

assays was still feasible because I could let things accunul ate.
By the time we got into the second edition of The Principles

of Biochemi stry, which | guess was in the md-1950s, | was

wor ki ng every night and every weekend on the book, and the

l[iterature was literally exploding at that tine. It was the

gol den age of internediary netabolism Then cane the point at
which the lab was al so expanding, in a certain sense because of
our successes. The nore you publish, the nore people want to
come; the nore people who cone, the nore you publish. It got to
t he point around 1954- 1955 where | had about a dozen people. At
that point | said, "Enough is enough."

Fromthat point on | never had nore than ten people in the
| ab, includi ng post-docs, technicians, and students. | always
had two technicians. Doug Brown worked for the whole |aboratory,
and after we cane to UCLA, for the whole departnent. He did al
the ultracentrifuge work and all the el ectrophoresis work for
everybody. | always had one full-tinme person running the am no
acid analysis. | required all the post-docs and graduate
students to do the analysis at | east once or tw ce thenselves, so
they knew what it was about, but | regarded it as silly for a
tal ented post-doctoral fellowto spend tinme doing routine
anal ysis for several hours every day. They ought to be spendi ng
their time doing creative work rather than doing routine analyses
or routine running of an ultracentrifuge or electrophoresis
appar at us.

So we al ways had at |east two technicians in the |ab, and
the rest were students and post-docs. Ten becane ny upper limt,
so that | could see what was goi ng on everyday. Wenever | was
intow, | certainly made the rounds every single day, and tal ked
to everybody in the |lab. When the nunber of people gets above a
certain size you | ose touch

BOHNI NG  How did you feel about naking that transition?

SMTH It was gradual. There was no real way to avoid it if |
were going to continue with my obligations. One of ny
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obligations was the book. |If you do it once, and it's a failure,
you say, "Ckay," you wash your hands, and to hell with it, forget
about it and never do it again. But what do you do if it's a
success? The publisher is after you for one thing, and you have
an obligation to your co-authors on the other, and financially it
was useful. It helped to pay for sonme coll ege education for ny
sons. It helped to put away some noney for the future, because
certainly at that tine, in Uah particularly, the salaries were
not all that generous, and the retirenent situation was pretty
poor. Things have inproved since. W had a success on our
hands, and fromthat point on, we basically had to do a new
edition every five years.

BOHNI NG Just as an aside, | discovered that in our collection
of the Principles of Biochem stry we have one edition which al
of you have signed. 1T think it came fromthe publisher.

SMTH  Very likely. W signed slips and they pasted themin.
In retrospect, | think the nost revolutionary and the nost
important edition was the third one. By then we had been so
successful, and had done such a good job, that there were
imtators all over the place. That's what happened. The field
expl oded. There were a |ot nore students, a ot nore places at
whi ch bi ochem stry departnents expanded enor nously.

BOHNI NG  When did [Albert L.] Lehninger cone out with his first
edition (34)?

SMTH It was certainly after our second edition, and nmaybe
after our third. Lehninger did a good job. He also used our
edition very heavily in witing his. He wote very well, and it
reflected his general interests. Qurs was a nore diverse kind of
i nterest because we had different people with different
interests. He gave us plenty of conpetition, but on the other
hand, our sales didn't suffer all that nmuch. Basically, the
field expanded. What surprises ne is that even our seventh
edition is still selling a few copies, nostly abroad. It is
still going on, even though it's out ten years. [laughter]

BOHNING Is it that | ong ago?

SMTH It canme out in January 1983.

BOHNI NG We may have discussed this last tinme, but it is
probably somewhat of a record for longevity for a textbook of
this nature. Thirty years or so, and that many editions.
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SM TH: Yes.

BOHNING | would think it has got to be hard to keep the
interest going for that |ength of tine.

SMTH  OQobviously, we're finished with it, partly because ny
original co-authors are all gone. The younger people we brought
in, particularly for this last edition, decided it wasn't worth
the time. Partly, | suppose, because it's too difficult now
every field is exploding so nuch. | don't think there's any book
that is going to satisfy the market anynore. M coll eagues
downstairs don't use a book. They use their own m neographed
outlines; the way they teach is quite different.

BOHNING Do you think there mght be a book on proteins, a book
on nucl eic acids, etc.?

SMTH  Part of what used to be called biochem stry is now taught
inthe clinic. A large part of physiology is now taught in the
clinic. W're talking about teaching nedical students. G aduate
student teaching is entirely different. There is no satisfactory
book for teaching undergraduate biochemstry. M ol der son

t eaches under graduate bi ochem stry and he says, "Every book is
terrible.” Students want a book. But you have to pick and
choose and then you spend a fair anount of tinme correcting

m st akes.

In a way, this is a nmeasure of our success academically in
that sal aries have becone fairly adequate. Nobody wants to
bot her witing a book. Books are expensive now. | don't know
what the situation is going to be in the future. Probably for
general chem stry it's easier, because you' ve got tens of
t housands or hundreds of thousands of people who take general
chem stry every year. There can be a few books that are
successful, and they don't have to be revised that often because
el enentary general chem stry doesn't change that nuch.

BOHNI NG M experience is that the general chemstry texts are
revised often because the publisher wants to be able to sell new
copi es.

SMTH  They don't want the second-hand ones around. W used to
kid the publishers that they wanted a self-destructive edition
It will explode spontaneously, or become unreadable after X
years. [l aughter]
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BOHNI NG That's a good way of putting it.

Getting back to your research, how did your work start on
cyt ochr onmes?

SMTH | had been interested in the cytochromes ever since | was
in Keilin's lab. After all, he had discovered the cytochrones
and their role in respiration. Cytochrome c¢ had becone avail abl e
in pure formbefore any of the other cytochrones. It was a very
smal | protein. Emanuel Margoliash was one of the first people to
apply nodern chromat ographi c nmethods to the purification of
cytochrome c in Keilin's |ab, when he was a post-doc fromlsrael.
This neant that you could obtain pure cytochrone c very easily.

I first met himat that time, in 1955. He went back to

I srael and was very unhappy because he had a job in cancer
research, which was getting nowhere at the tine, as cancer
research wasn't progressing anywhere at that tine. He wanted to
get into nodern biochem stry. He was in Israel only by a curious
set of circunstances. His parents had lived in the United
States, and his two ol der brothers were born here, but his father
was in the inporting business and decided to nove to Cairo to
export rugs fromCairo. The fam |y business was in buying rugs
all over the mddle east. So Emanuel Margoliash was born in
Cairo, of all places, even though his parents were actually
American citizens. He was educated partly in Cairo, and then at
the Anerican University in Beirut, where he obtained his nmaster's
degree in chemstry and his nedi cal degree. Wen things were
happening in that part of the mddl e east he mgrated to Israel.

He was conmpletely tri-lingual. The schools that he attended in
Cairo were French; that was the tradition. American University
schooling was in English. H's English was flawl ess. He al so
knew sonme Arabic. So he talked to nme about comi ng here, and we
arranged a post-doctoral fellowship for himto work at our |ab
for two years. |In effect, he wanted to | earn nodern protein
chem stry.

He came with the notion that there was an inhibitor that
peopl e discovered in agriculture (I've forgotten the nane of it
now) which strongly binds to catal ase. Because it very strongly
binds to catalase, it is very effective as a herbicide agai nst
certain weed plants. He thought of making this herbicide with C-
14 and binding it to the active site of catal ase and then seeing
where the hene group was attached to the catalase. (This is al
interesting history as to how things happen.)

When he cane to the lab | said, "This is silly, for two
reasons. Wy tackle a protein of a couple hundred thousand
nol ecul ar wei ght, when all you're going to get is a little piece,
and what are you going to know after you find out where it's
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attached? Second of all, ny friend Walter Schroeder at Caltech
has already started work on the conpl ete sequence of catal ase.™
Whi ch of course, Margoliash didn't know. Everybody knew what
ot hers were working on, and if possible you avoi ded what anybody
el se was working on. So | said, "Look. You're the one who
i sol ated pure cytochrone c. How about working on the sequence of
cytochrome ¢? It's nice and small."” He said, "Wy don't we work
first on the hene attachment sites?" | said, "It's silly. You
try to do the whole thing. W know how to separate the peptides.
You do chynotryptic digestion. Don't do a tryptic digestion,
there are too many lysines in there. You'll get tiny little
peptides. You want bigger peptides.” He said, "Ckay."

So we started out that way. After all, we had all the
enzynmes, we had all the techniques, so he could just go ahead and
use them We started out doing horse heart cytochrome c, which
was basically done in about a year and a half. W were just
about finished with the chynotryptic peptides and were ready to
start on the tryptic peptides when we had a visit from Hans Tuppy

from Vi enna, who had been Fred Sanger's graduate student. | had
nmet himearlier. It turned out that Hans Tuppy had a graduate
student named Gunther Kreil, who was working on the tryptic

peptides fromcytochrome c. Wth what he already knew, and with
what we knew, we could put together nost of the conplete
sequence. We agreed to let Gunther Kreil get his Ph.D. and
finish up the tryptic peptides and see where we were. We would
wi t hhol d publication until he caught up with us. This was in the
winter or early spring of 1960-1961.

In 1961 | was going to an international conference on

bi ochem stry in Moscow and we sent off an abstract, slightly
weasel -worded, but indicating that we woul d present the conplete
am no aci d sequence of cytochrome c. On the way there, nmy wife
and | stopped in Vienna to spend a few days with Hans Tuppy. W
got the rest of the sequence and put it all together, (we had
corresponded by nmail and had it all set out) and we presented it
in 1961. Then we published three sinmultaneous papers in Nature.

Qur first paper was by Margoliash and ne on the am no acid
conposi tion and the chynotryptic peptides (35). The second paper
was Kreil and Tuppy on the tryptic peptides (36), and the third
paper conbined the two for the conpl ete sequence as a joint
effort (37). Then, of course, the conplete versions we published
separately (38). So that's how it got started.

Mar gol i ash decided not to go back to Israel; he wanted a
career over here. W arranged that he would go to Montreal to
work at McG Il University for two years, so he could fulfill the
| egal requirenments of having been a scholar out of the country
for two years, and then he could apply for readm ssion to the
U.S. Then he cane back to the United States where he worked at
Abbott Laboratories for a nunber of years. So that's the
hi story.

85



We then went on to study other cytochrones because of ny
early interest in the evolution of proteins. Back in Connecti cut
in 1939, | had isolated a whole famly of seed globulins fromthe
curcurbitaceae. These were oil-seed proteins from punpkins,
squash, cant al oupe, cucunber, honey-dew nelon, etc., all related
in the sanme famly. They all store nitrogen in the from of

storage proteins. | isolated all of themand determ ned the
conposition in terns of arginine, cysteine, tyrosine, and
tryptophan. | showed that they were all honol ogous (39). The

sequences were unknown, of course, at that tinme.

So here was a fam |y of proteins that obviously had derived

froma conmmon ancestor. That was ny first foray into the
evol ution of proteins. The cytochrone story was quite obvious.
We did human cytochrone; we did dog. W did a nunber of other
species, and after doing a few mamal i an species we branched out.

It is quite clear that cytochrone c originated very early in
aerobic life because it is honol ogous whet her you | ook at the
protein from higher plants or from higher animals, and tracing it
all the way back (40). Here is a protein that is at |east as old
as the ancestral species before the divergence of aninmal and
plant life, which neans that this is as old as m tochondri a,
about a billion and a half years.

BOHNI NG  That evolutionary interest stayed with you for a | ong
tinme.

SMTH. Oh, yes. But later |I dropped the work on the cyctochrone
c for the sinple reason that it began to becone taxonony, and was
no |l onger of interest as protein chemstry.

BOHNI NG Where was your support comng fromat this point?
Still from NI H?

SMTH. NH Rockefeller, and earlier I had sonme support fromthe
Ameri can Cancer Society.

BOHNING This was still a tine when the support was still pretty
easy to conme by?

SMTH. Very easy to cone by. Let's take a break

[ br eak]

SMTH  This is an anecdote that has to do with the library. It
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has nothing to do with science. | was talking to the forner
[ibrarian, Whit [Waitfield J.] Bell [Jr.], who's now witing a
bi ographi cal history of all the early nenbers of the

Phi | osophi cal Society. Sonme years ago, | was asked by people
here at UCLA to give a short tal k about the history of the

Phi | osophi cal Society and the Anerican Acadeny of Arts and

Sci ences, when new nenbers were being honored at a reception.
Since | was, at that time, the only nmenber of both who happened
to be available, | was asked to give a little of the early
history. So | read sone of it, and discovered that the first
wonman who had been el ected to the Phil osophical Society was a
Russi an nanmed Ekaterina [Romanovna] Dashkova, as a foreign
menber .

| asked Whit Bell whether he knew anything about her, and he

said, "I can't find out a damm thing about her." | said, "Do you
have a copy of Al exander Hertzen's nenoirs (41)? He was the

great Russian patriot and author back in the nineteenth century.”
He said, "No." W looked in the library, and there was no

mention of Hertzen. | said, "You know, he wote a | ong essay
about Dashkova, which | have read. | happen to have the four

vol unes of Hertzen's nenoirs, including all his occasional

papers, translated into English.” He said, "Fascinating. W
woul d love to have it." | said, "Ckay. Wen | get hone |'|

send it toyou." So |l sent it to him He wote back, al

excited. He said that as soon as it arrived he sat down and read
the whole long essay. So | wote back and said, "Look. | have a

nunber of other things in the history of science and
bi ochem stry. Wy don't | send you |lists; you pick out what you

want, and I'lIl send them" So |I've been doing this now for a
couple of years. | send themlists, and they check off what they
don't have. 1In a couple of cases I've been able to give them

first editions when they only had seconds. [l aughter]

BOHNI NG  That's wonderful. That's how many col |l ections are
built. You can't just go out and buy sone of these things.

SMTH | happened to have, for exanple, half a dozen books in
English on the history of alcheny. It was interesting to nme. |
don't read Arabic, but there have been many schol ars,
particularly in Britain, who wote about al cheny because they
could read Arabic, which | don't. Since | had satisfied ny
interest in alcheny, I was glad to donate these books. It turned
out that they didn't have four of these vol unes.

BOHNI NG That's amazing. As an aside, one of our board nenbers
came down from New York to one of our neetings. | saw him cone
in the door with a New York Tines, and he had a picture frane
stuck inside the New York Tines under his arm After the
nmeeting, he said to Dr. [Arnold] Thackray, "This is sonething
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that's been in our attic. | think you should probably have it.
My father bought it at an auction in the 1930s." It turned out
to be Isaac Newton's famly tree, witten in his hand. [l aughter]
It's been appraised at five to ten thousand dol | ars.

SMTH | should hope so. [laughter]

BOHNING It was just stuck in a newspaper, not even w apped, and
he carried it down on the train.

SMTH  That's the best way to carry it. Nobody woul d assune
that it was val uabl e.

BOHNI NG  Why don't we continue on with the next area. In 1962
you started on the subtilisins. You had a Japanese cone to your
| aboratory. He actually suggested it, didn't he? Is that how it
got started?

SMTH.  He canme over to |learn our nethods. By the way, Hiroshi
Mat subara has just retired as professor of biochem stry and dean
of science at Osaka University in Japan.

He had conme to learn our nethods, so | put himto work on
t he sequence of human cytochrone c. In very short order, he had
conpl eted the work. He suggested that we study a proteolytic
enzyme on whi ch he had done sone work in Japan. He thought we
m ght have a look at it froma physical and chem cal viewpoint.
This was subtilisin.

Now the subtilisins were originally discovered in
Copenhagen, Denmark. | knew the whol e story, because these
people were all friends of mne. LinderstromLang, who had been
the director of the Carlsberg Laboratory, had been working on
oval bum n, the protein fromthe white of the hen's egg.

Oval bumi n makes nice needles as crystals. Lang found a batch of
oval bum n that had obviously becone contam nated by bacteria, and

there were no | onger any needles. Instead there were plates.
Li nderstrom Lang proceeded to call it plakal bum n, instead of
oval bumn. It was worked out that the proteolytic enzyne from

t hese contam nati ng bacteria had cut off a piece of oval bum n,
and the oval bum n had gone into a new crystalline form So they
proceeded to isolate the enzyne fromwhat was Bacillus subtilis
and gave it the nane subtilisin.

[END OF TAPE, SIDE 3]
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SMTH.  The isolation and crystallization of subtilisin had been
done by Martin Ottesen, a very close friend of mne, who
succeeded LinderstromLang as the head of that |aboratory. When
H roshi suggested that we work on this, | said, "Qtesen's
working on it. I'mnot going to interfere.” | immediately wote
to Martin Otesen and asked if they were planning, or were
actual ly working, on the sequence of the enzyne. They said,
"Absolutely not. W' re not doing anything with the sequence;
noreover, in addition to the Japanese strain, we can supply you
with as much as you want of two other strains in crystalline
form The Novo conpany is nmaking themin [ arge quantities
because they're being used in another way." These were the
subtilisin Carlsberg and subtilisin Novo.

Now what were they doing with then? Subtilisin was being
added to laundry detergents to digest the proteins that weren't
bei ng washed out by ordinary detergents. The enzyne was being
prepared in hundreds of gramquantities, and we were supplied
with all we needed.

Hiroshi started out with BPN , which was the bacillus
protei nase neutral (BPN) from Japan. After we did the nolecul ar
wei ght by sedi nmentation-diffusion nmeasurenents and did the end-
group analysis and started on the isolation of peptides, Hiroshi
had to return to Japan. W carried on with the other post-
doctoral fellows, and finished its sequence and started work on
the other two varieties. W ended up doing the sequences of four
of these enzymes. Two of themturned out to be identical.
Whet her the Danes stole fromthe Japanese or the Japanese stole

fromthe Danes, | remain neutral. [laughter] But when two
enzymes, supposedly independently isolated in Japan and Dennark,
turn out to be absolutely identical, it raises some questions.

Now the fascinating part of the subtilisin story is that
here is an enzyne that has the sane nmechani smof action as
trypsin and chynotrypsin fromaniml tissues, is inhibited by
many of the sane inhibitors, contains the active triad of serine,
hi stidine, and aspartic acid, but turns out to have a totally
di fferent ami no acid sequence. It means that you have a
beautiful case of independent, parallel evolution. The enzyne
mechani sm evol ved i ndependently and in exactly the sane way from
di fferent am no acid sequences, different folding properties, and
different stability. The reason why subtilisins can be used in
| aundry detergents is that they happen to be very resistant to
denaturation by sodi um dodecyl sul fate, which is the ordinary
| aundry detergent these days.

Let ne finish up the subtilisins with just one further
comment, which is in ny autobiographical statenment (1). | think
the inportance of it turned out, in our mnds, to be the
followng: subtilisin Novo and subtilisin BPN, which have
al rost identical kinetic and physical properties and are al nost
identical in size, differ only in that there is the deletion of
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one residue, in one of themas conpared to the other, but they
differ in about forty percent of the sequence. That neans that
nost of the structure on the outside of the protein can vary al
over the place, as long as it doesn't affect the three-

di mensi onal structure, the substrate binding site, or the active
site of the enzyne; it doesn't matter what happens el sewhere.
This was the first case of that kind to arise. As long as there
is the proper backbone for folding, and you nake the proper
conjunction of residues in the active site for specificity and
for enzymc or catalytic activity, it doesn't matter what you
have in the rest of the sequence. This, of course, is nowthe

| esson that people are follow ng-up synthetically in trying to
make artificial enzynes by these nethods.

We're coming into a new type of synthetic organic chem stry,
of maki ng enzynmes, but not necessarily by duplicating the exact
sequence because you don't need to do so. Put in the easy
resi dues where you don't need that kind of specificity. Do the
difficult resides where you have to put themin. People are
maki ng all kinds of chain-fol ding experinents using al ani nes and
| euci nes and things which are easy to handle synthetically
because they don't have highly reactive side-chains. Things that
have highly reactive side-chains |Iike histidine and tyrosine and
tryptophan are going to give trouble. They have to be handl ed
nore carefully, and the yields are al ways | ousy.

That is now the new i nportance of the subtilisins, and
subtilisinis now a large industry. Most of it is being nade in
Copenhagen by the Novo conpany. They are al so naki ng huge
guantities of anylase to go with it. Starches don't wash out
well with detergents, so they add anylase to digest the starch
down to smaller oligosaccharides which wash out into water very
easily. The conbination of things that you spill on a tablecloth
that you want to renove are protein stains with starch or |ipid.
The detergent will take care of the lipid. To get rid of all the
protei ns and pol ysacchari des you need sone enzymic help. This is
now a whol e new i ndustry, which was very useful for ne, because |
was a consultant to Proctor & Ganble for ten years on the
properties of subtilisins and other enzyne studies.

BOHNING Prior to that tinme then, was it felt that the entire
sequence had to be the sane?

SM TH.  Nobody knew. The | argest series of proteins whose
functions had been studi ed were the henoglobins. Al animals

t hat have red bl ood have henogl obin, and the properties of

henogl obins differ in different classes of animals. Do the
animals live at high altitudes or |low altitudes? A parasitic
worm has a high affinity for oxygen, whereas organisns with high
demand have a low affinity for oxygen and it is readily rel eased.
It was known that all these henogl obi ns have very different
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properties, but how nuch of it was due to the functional
di fferences which are essential, and how nuch was random was not
known.

In fact, in the |ast PNAS, Proceedings of the National
Acadeny, there is a fascinating paper (42). Human henogl obi n has
an "S" shaped curve—this is partial pressure of oxygen and this
is percent saturation. In the lungs we put on a full | oad of
oxygen, in the nuscles we take it off down to here. It goes back
and forth in the circled region [see diagram follow ng page].
You woul dn't want the henoglobin to have a higher affinity for
oxygen or it would never rel ease the oxygen when needed. So this
is the area in which it functions. The parasitic intestinal worm
Ascari s—a round wor m—has an oxygen binding curve with a very
high affinity for 0,. It gives up its oxygen only in extrene
situations where there is little oxygen avail abl e.

Why does Ascaris henogl obin have such a high affinity? It
turns out there is a difference of one am no acid residue near
the active hene where the oxygen binds to iron. The iron binds
to a histidine nitrogen (as well as to the four hene nitrogens)
and in Ascaris henoglobin, the iron is |oosely hydrogen bonded to
anot her residue, whereas in human henogl obin, the sixth
coordi nation space in the iron is essentially vacant. It is due
to a difference in this region that nakes the difference in
affinity. The rest isn't the sane, but it doesn't matter. This
has just been worked out by X-ray crystall ography. By changi ng
this residue into the one that occurs in nost manmal i an
henogl obins, it no |l onger has this high oxygen affinity; it now
has a nore normal oxygen affinity like that of human henogl obi n.

This is what we're still learning. You follow what |'m
sayi ng.

BOHNI NG  The histones are next. That started in 1967 when
[Janmes] Bonner from Caltech asked you to get involved, if |
remenber that correctly.

SMTH  That's right. | nmet Bonner at the National Acadeny
Meeting. Bonner was an old friend, and still is. He suggested
we have a | ook at the histones. He convinced ne that he had pure
material for a study of the sequence and we agreed. W worked

si mul t aneously on both the one from bovine thynus, which was the

standard material, and from pea seedlings. It turned out that
the small protein (H stone 4) differed in only two am no acid
residues. It is the nost conservative of all known proteins,

conparing an aninmal and a plant protein. This is the key to the
fact that the histones are crucial for maintaining chronosomnal
structure, very conservatively so. As we now know, histones
occur in a four-fold conplex with four different kinds of

hi stones. They forma very inportant tight core structure on
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which the DNA is wound. So we did the histones of two different
types—Hi stone H4 and H stone H3. It was interesting in ternms of
the evolutionary history nore than anything el se. W never got
involved in the functional side of the histones, because that
essentially was Bonner's problem and those of other people. W
weren't going to go into that kind of study.

BOHNI NG Soneone has attributed to you the comment that "we are
all brothers under our histones."

SMTH  Yes. This happened in a very curious way. Before this

wor k had been published, I had been invited to give the C ba
Foundation | ecture in London on the basis of our work on
cytochronmes and other proteins. | gave this lecture on the

evol ution of proteins starting fromthe begi nnings of our studies
on the cytochrones, the subtilisins and others. When | cane to

t he histone story, which nobody in the audi ence knew, there was
actually a gasp fromthe audience that there were two al nost
identical proteins, with only two very conservative am no acid
substitutions as the difference between the animal and the plant

protein. | thought up spontaneously, that "obviously, we are all
br ot hers under our histones,” and the audi ence broke up into
appl ause. [laughter] "W need not feel superior.” It got quoted

in Nature at the time (43).

BOHNI NG  Who was working with you at the tinme?

SMTH. Bob [Robert J.] DeLange. Bob DeLange had worked with ne
as a post-doctoral fellow on subtilisin Carlsberg. He was just
finishing that up when the histone possibility canme al ong, and |
asked hi m whet her he would be interested in taking a | ook at the
structure with ne. W drove over to Caltech to discuss the
problem and then started work on it. Bob DelLange stayed on and
wor ked on the histones, and then independently as a col |l eague he
remai ned in the departnent, working on nmany other problens.
Incidentally, he came as a post-doctoral fellow after working

wi th [Ednond] Fischer and [Edwi n] Krebs at Seattle, who got the
Nobel Prize two years ago. They owed nme one because | had sent
them as a post-doctoral fellow Chris Nolan, who proceeded to work
out the sites of phosphorylation on their enzynmes. [l aughter]
That's the way the world is.

BOHNI NG You comrent ed about the increasing nunber of people
wanting to cone here. What made your group so attractive?

SMTH | can't say that. | don't know that. | think that al
of the people who were active in the protein field at that tine
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al so becane very popular. | think that's really part of the
story, because |I think that people were flooding into all of the
| aboratories that were successful in doing protein structura
work at that tinme.

BOHNI NG Did you have any uni queness conpared to the other
groups?

SMTH | think that all of the nmajor nethods rapidly becane
commercially available to everybody. 1In the early 1950s there

m ght have been a gap of a year or two. By the 1960s | don't
think this was true any nore. For exanple, when we started to
set up two-dinmensional paper chromat ography, we had to design and
have tanks built to our specifications. Then tanks becane
comrercially avail able. Wen we started to do paper

el ectrophoresis on a |large scale we designed and built our own
equi pnent, except we bought high-voltage power packs, of course.
Wthin a year or two, such equi pnment was generally avail able
commercially. In fact, after our jerry-built hone-made equi pnent
began to wear out, we just discarded them and bought whatever we
needed.

I don't think it was a matter of nethodol ogy any |onger. As
far as doing columm chromat ography was concerned, or using
fraction collectors, everybody bought the sane things. There
were different ones on the nmarket. W had sone of the early
ones. Am no acid anal yzers kept inproving year after year with
| ots of conpetition. W certainly had been successful with a
nunber of proteins, but so were other people, and they were busy.
Hans Neurath had a big full |ab going. Stein and Mbore obviously
had a big full lab going. W did. Ohers did. | had
i nternational connections through ny early students, having had
sonebody who went back to Japan to beconme an outstandi ng
i nvestigator, or to Australia, or to London, or to England
generally. They would send their students. 1t got talked
around, |'m sure.

BOHNI NG You had al ready decided not to go beyond ten. You
wanted to limt your group as well.

SMTH  That's right.

BOHNI NG  Were you involved in any of the aspects of the
commerci al i zati on of these techniques? Did you consult with
conpani es who were invol ved?

SMTH: | left Squibb in 1946. In 1949 they tried to get ne back
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as head of a division and I said no. But they hired ne back as a
consultant. | remained as a consultant with themfor twenty-five
years on general biochenmi stry, not just on proteins or enzynes.

It obviously was useful and fruitful for them because they
continued the relationship for a long tine. | not only hel ped
themw th a nunber of their internal research problens, but I

al so helped themin hiring people. Sonetines | hel ped them by
telling themto avoid m stakes. When people would cone fromthe
outside with research problens, | would be consulted on whet her
the problemwas worth followi ng up. Sonetinmes you can save a
conpany a lot of noney if you say no. [laughter] "Don't waste
our tinme."

When the subtilisin work canme al ong, we published our first
paper (44), a prelimnary note in the JBC giving the sequences of
two subtilisins at the sane tine. That had never happened
before. I got a call fromProctor & Ganble; they wanted to talk
to ne about subtilisin. Could they ask ne sone questions?
knew what they were after. So | agreed that | would be willing

to consult with them but ny fees were steep. | knew exactly
what they wanted. They sent a man out here, and they wanted to
know how to stabilize the subtilisin in detergent. | could tel
themright off the bat. | saved themtens of thousands of
dollars of labor, and a hell of a lot of tine. |In any case, they
still do a good business with Bl Z, which is their brand of
subtilisin plus anylase plus other things. | consulted then with

themon a variety of problens for about ten years; then | got
tired of traveling and said, "Enough is enough.”

BOHNI NG What about the conpani es who were maki ng the equi pnent
that was being used in these techniques? D d they ever contact
you?

SM TH. They contacted nme, but nuch of our inprovenents were
mnor. W were not the originators. More and Stein had
originated the automatic am no acid analyzer, and they built the
first really successful fraction collector at Rockefeller. W

i nproved on a nunber of these things and a nunber of procedures,
but we were not the creators of any of those nmethods. Conpared
to nmany other |aboratories, but not exclusive with us, was the
fact that we always had on hand six or eight pure proteolytic
enzynmes which we could use for degradation of proteins or
peptides. W had prepared these ourselves before they were
commercially available. Later they all becane commercially
avai l abl e, but we had prepared carboxypeptidase, trypsin,
chynotrypsin, papain, |eucine am nopeptidase and so on. W had a
battery of enzynmes. Wen Emanuel Margoliash cane to our |ab, he
never prepared a single enzynme. [laughter] They were al

avail able. He could use them So could other people. O
course, this is what made it easy. Sonebody canme into the | ab
and had all this stuff available.
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BOHNI NG  Who were the conpanies that became the big players in
commerci al i zing and naki ng these available so that you didn't
have to nake them yourself? Sigm?

SMTH  Sigma was one. Wbrthington Bi ochem cal, which
subsequently got bought up by sonebody el se, nade trypsin,
chynotrypsin, carboxypeptidase. Charlie Wrthington had been

[ Moses] Kunitz's technician at the Rockefeller when these things
were all first purified. Wen Kunitz retired, Wrthington went
into business. Sonebody put up the noney. |'ve forgotten who
took it over

Later on, a lot of these things becane avail abl e nore
cheaply from Europe. For exanple, the first bovine gl utanate
dehydr ogenase that we used, we made ourselves, but later on we

bought it from Germany. It was available in gramquantities; it
was cheaper to buy it than to make it. W checked the purity,
but that's about all we did. 1In the early days we prepared nany

am no acids, or we bought them from American suppliers, and in
| ater years all of this stuff was available from Japan nuch nore
cheaply.

BOHNI NG  Why didn't the Americans pick up on doing this
t hensel ves, before the Japanese or the Gernans?

SMTH  Cost. W're tal king about before the period before
inflation in Germany, when things were a hell of a | ot cheaper.
You never know how things were going on behind the scenes. For
exanple, in 1976 | was at a synposiumin Riga, Latvia, then part
of the US.SSR | visited the Institute of Organic Chem stry and
di scovered that the main support for that institute was making

i nportant organi c chem cal synthetic precursors for the Gernman
chem cal industry. The Germans were farmng it out to a place
where it was cheaper to nmake nmany conmpounds. The Institute at
Latvia was doing very well out of it because they were getting
foreign currency to buy all the equi pnment they needed. As far as
the U S.S.R was concerned, there was nore shortage of foreign
currency than of donmestic currency, and if you could sell all of
this stuff abroad, you could pay a certain anount back into the
acadeny coffers, but nmuch of it you could use yourself to buy
your own equi prent .

Later on | discovered that one of the big | aboratories in
Moscow was maki ng reconmbinant insulin and selling it to the
Japanese. Human insulin. A lot of these things go on that we
don't know about. Sonmething comes in with a [abel, but you're
not aware of where it was actually nmade. |It's |ike buying
anyt hing from Hong Kong. The chances are ninety-nine percent it
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was made in China, not in Hong Kong. Before 1973, if it was nmade
in Hong Kong it could cone into the United States, but if it was
made in China, it couldn't conme into the United States |egally.
[laughter] So the world of comrerce has its own rul es.

[END OF TAPE, SIDE 4]

SMTH | asked one of ny friends in China in 1973 (but whom |
had known before), "How did you manage to keep your |ab going,
and all the people in the institute functioning, at the time of
the Cultural Revol ution, when nmany of the people in the science
institutes and in the universities were being sent out into the
fields?" He said, "It was very sinple. W set up a factory to
make chemi cals and biochem cals. W were supplying all of the
necessary materials for the clinical |aboratories in the
hospitals. Since we didn't have the foreign currency to buy

t hi ngs from abroad anyhow, we'd have to prepare all our own

bi ochem cals, |ike our own am no acids, enzynes, coenzynmes and so
on. In that way | could hold ny |aboratory together. W built a
new factory, a four story building, to nake chem cals for
everybody in China." As far as | know, that factory still
functions. Wen | canme back fromChina in 1973 | had his price
list. [laughter] Later on, they were selling supplies to other
countries. They were supplying nuch of Southeast Asia with these
chem cals. For all | know, they may have even been supplying the
Japanese. \Who knows?

But don't forget, the Japanese have al ways had a big
fermentation industry. After all, soy sauce is fernmentation, and
a maj or ingredient of soy sauce is nonosodium glutamate. \When |
was at the Rockefeller, we used to buy our glutamc acid in the
form of nonosodi um gl utamate from Ajini noto, which they isolated
fromtheir soybean fernentation. The way we got glutamc acid
from nonosodi um gl utamate was to add hydrochloric acid to it,
precipitate it with alcohol to get rid of the sodiumion, and
there we had it. Today, you'd put it through a colum to get rid
of the sodiumion, but in those days we had pure glutamc acid
com ng fromJapan. W're tal king about 1940. So the Japanese
had their fernmentation industry, and their sauces were prepared
by using aspergillus, a fungus whose proteol ytic enzyne
hydrol yzed the soybean protein. The am no acids were all there.

You want to isolate then? These days you just put themon a
colum and isolate all of them Then they discovered that the
so-call ed nushroom flavor is inosinic acid, which is after all a
derivative of adenylic acid. That's what artificial mushroom
flavor is, inosinic acid, as they sell it. |It's all Japanese.

So the industrial side of all of this has played an
inmportant role, and I"'msure the institutes in the Soviet Union
are maeki ng even bigger deals now to survive. They nake chem cal s
and they get noney fromit.
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BOHNI NG But didn't the Japanese activity that you're talking
about really start after World War 11?

SMTH: It started before World War Il. As | said, we were
buyi ng nonosodi um glutamate in 1940 when | was at the
Rockefeller, and the war started in Decenmber 1941.

BOHNI NG What effect did the War have then?

SMTH It cut off the supplies, and there were then Anerican
conpani es maki ng many of these things. Japan got cut off during
t he war.

BOHNI NG What happened after the war?

SM TH. Japan flooded the market. They had cheap | abor and the
fermentation industry. The fernmentation industry in this country
was interested in big noney, |ike making penicillin, or
streptonycin, or the equivalent.

How did Pfizer become such a power in the antibiotic
busi ness? Pfizer was a small business in Brooklyn, New York when
t he Russi ans published their way of using fungi to make citric
acid. CGitric acid is the inportant ingredient in making soda
pop. Soda pop in the old days, when | was a child at |east,
consi sted of carbonic acid, with a little citric, and a little
phosphoric acid. Plus, sonetines, a little citronella fromlenon
peel to give it a |enmon aroma. That was | enon soda. Wen the
Russian fermentation chem sts learned to inhibit the fungus so
that it accumul ated huge anpunts of citric acid, Pfizer picked
this up. They were in the fermentation business making citric
acid for the whol e soda pop business in the United States. But
they had the aerobic fernmentation facilities needed to make

penicillin. That's why they were dragged into the penicillin
business in 1941 or 1942. That's the story. Fromthen on they
were a pharnmaceutical conpany. | don't know if they still make

citric acid.

BOHNING Let's return to your research. |In the glutamate
dehydrogenase work, you were |ooking for something different
agai n.

SMTH. W | ooked for sonething different again. Now that we had
t he techni ques and the nethods for studying smaller proteins, it
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was time to go on to sonething bigger and of a different kind.
At that tine, the am no acid sequence was unknown for any
dehydrogenase. | picked gl utamate dehydrogenase partly because
it was easy to prepare, partly because it was easy to
crystallize, and partly because it is one of the key enzynes in
all organisnms. It is a very crucial enzyne. It is the only
dehydr ogenase that works on an amno acid in manmmal i an systens.
There are ot her dehydrogenases in various m croorgani snms that
work on am no acids, but in general in mammalian netabolism |-
am no aci ds are degraded by transam nation to nmake the al pha-
keto-acid, and the am no groups are transferred to al pha-keto
glutarate to make glutamate. dutamate is the one that's then
dehydrogenated. The product, al pha-keto glutarate, which is a
conponent of the Krebs cycle in mtochondria, is then oxidized or
it Is again available for transam nation in both cytoplasm and
m tochondria. So in that sense glutamate is the central am no
acid in all of mammalian netabolism That's why we started our
study of the enzyne.

We al so knew that it had four peptide chains and that each
chain had a nol ecul ar wei ght of about sixty thousand. W had
been dealing with proteins in the twenty to thirty thousand
nmol ecul ar wei ght range; now we were going to nake the junp to
peptide chains of double the size. It was evident that the four
chai ns of gl utamate dehydrogenase were identical

By the time we were well along in our studies, we realized
that other | aboratories were also studying dehydrogenases. A
group in Canbridge was studying |actic dehydrogenase, another
group was studying triosephosphate dehydrogenase, and so on. But
that's basically the story.

BOHNI NG  This al so continued your evolutionary interests.

SMTH. The evolutionary story cane a little bit later. An

i nportant point about manmal i an gl utamate dehydrogenase is that
it was known fromwork before we started that the enzynme is very
strongly regulated in its activity. ATP or GIP strongly inhibit
gl ut amat e dehydrogenase. ADP or GDP strongly activate it. This
is predomnantly a liver enzyme, although it is found in other
tissues as well. Qur livers are activated to destroy am no acids
when energy is in short supply when you need to nake the

tri phosphates. You conserve am no acids when energy supply is
plentiful, principally being derived from carbohydrate or lipid
nmetabolism Here we had an enzyne in which we could think of
three different kinds of sites to investigate—the active site
wher e dehydrogenati on woul d take place and transfer the hydrogen
to the coenzynme which would be NAD or NADP, the site where the
tri phosphate binds to inhibit, and the site where the di phosphate
binds to activate. These are called allosteric sites because
they are not at the active site. They change the conformation of
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the enzynme to increase or decrease activity. So this presents a
different kind of challenge than sinply studying a proteolytic
enzyme which is not regulated. By the tine we had finished the
sequence, we had done sone | abeling, so we actually knew one of
the inhibitory sites, and had a suspicion as to where the
activating site was, and this becane an interesting story in
itself.

The only reason that | went imediately on to study the
chi cken enzynme is that one of ny colleagues in the chem stry
department is an X-ray crystallographer. The mammalian gl utamate
dehydrogenase gives terrible crystals; the small needles are
utterly unsuitable for crystallographic study. But the chicken
enzyne | ooked as though it would give good crystals. So we said,
"We'll take a | ook at the chicken enzynme because this will help
the crystallography.” It turned out it was fairly easy to do the
chi cken enzyne, because it is so honol ogous to the bovine enzyne.
By the time we had finished, it turned out that the chicken
enzyme crystals were no damm good either. So we dropped it.

Then we went over to Neurospora, because Neurospora, |ike
many mi croorgani sns, unlike vertebrates, has two different
enzynmes that work on glutamate. They have an NAD-specific enzyne
which clearly is involved in energy supply, because NADH
specifically is oxidized in the mtochondria through the
cytochrome systemto produce ATP. The other type of
dehydrogenase is a synthetic enzyme, because nobst plants and nost
of the organisns that nake their own gl utamate use the NADPH
enzyne. In other words, they used the reduced form of the
coenzynme to supply the hydrogen for the reduction of al pha-keto
glutarate and amonia to nmake glutamate. That's the synthetic
pat hway. For exanple, E. coli, which makes its own gl utamate,
has only the NADPH enzyne. All organisns that have only one
gl ut amat e dehydrogenase that is used synthetically use the NADPH
enzynme. It is a generalization for all dehydrogenases that those
that use NADPH are synthetic; those that use NAD for substrates
supply energy through the ATP nechanism That's why we started
to study both. It turned out the NADPH enzyne is small and is
honol ogous to the vertebrate enzyne. The NAD enzyne of
Neurospora is quite different.

So we ended up doing both, which took a long tinme, and of
course that was the work that I was doing as |I was scaling down
the | aboratory, getting ready for retirenent. That was our | ast
j ob.

BOHNI NG  Who was working with you on that?

SMTH.  The two people principally who worked on the NAD enzyne
were Brian Austen, who was from Engl and, and who's back at St.
George's Hospital in London as a research bi ochem st, and Maggi e
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[ Margaret E.] Haberland, who is now in our departnent of nedicine
as a research biochem st in the division of cardiol ogy.

The role of glutamate, why mammal s have an enzyme that works
on both, is a good story in itself, but it has nothing to do with
us. That's netabolic biochemstry.

BOHNI NG  How nmuch contact did you have with undergraduates? D d
you have undergraduates working in your group fromtinme to time?

SMTH  We woul d occasionally have a sumer student cone in who
usual Iy had sone good training in chem stry, but generally
working with one of the people in the Iab, not directly with ne.

I had no real contact w th undergraduates here at UCLA, except
occasionally when | was a guest |ecturer for sonebody in one of
their courses. At Utah | also had very little contact with
undergraduates. | really didn't teach undergraduates fromthe
time I left Colunmbia in 1938.

BOHNI NG | have a nunber of questions relating to what I'll call
your "extracurricular" activities. But before we |ook at that,
is there anything else along the Iines that we' ve been di scussing
that you would like to add?

SM TH: No, | think the scientific information is all in the
reviews. The personal information |I think you got pretty well
before. | think that covers it.

BOHNING In ternms of some of your extracurricular activities,
there are three in particular I was interested in. One goes way
back, and that's the International Union of Biochem stry and your
activities in a nunber of places there, especially internationa
conferences. Do you have any comments about those years?

SMTH | got involved first in 1957 or 1958. | had been
appointed to the U S. National Commttee for the Internationa
Uni on of Biochem stry, which was nade up of representatives

nom nated equal ly by the biochem stry division of the ACS and by
the ASBC. These were the two different organizations of

bi ochem stry in the US. It was done through the Nati onal
Acadeny, who al ways appoi nted one additional nenber. The

chai rmanshi p was the senior person fromthe group to succeed the
previous chairman fromthe other group. It so happened that the
turn cane of the representative nomnated fromthe ASBC, and the
seni or person was Connie [Conrad A.] Elvehjem He becane
president of the University of Wsconsin and resigned. He had no
time to spend on the U S. National Cormittee, so | becane
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chai rman of the committee.

As chairman of the conmttee | automatically becane a
del egate to 1UB at the next general assenbly, which was going to
take place in Mdscow in 1961. |In the neanti mne—the history is an
amusi ng one—t he | ast previous congress in chemstry in the U S.
was in 1951, during which we were enbarrassed by the fact that
our state departnent refused to give visas to a | arge nunber of
Europeans to attend the conference. This was the [Joseph R ]
McCarthy period. W in biochem stry had made up our m nds that
we were not going to hold a congress in the United States until
this situation changed, even though by that tine we were by far
the dom nant country in the world in biochem stry. The previous
congresses in biochem stry had been held in Canbridge, Paris,
Brussels, and Vienna. This all started after the war, because
prior to the war biochem stry was included in the physiol ogy
congresses. A separate union was set up after the war when the
physiol ogists didn't invite biochemsts to the first post-war
congr ess.

So the question was whet her things were changi ng now t hat
John Foster Dulles was dead and Christian Herter had becone
Secretary of State. It was the |ast days of the Ei senhower
adm ni stration. W decided that we could have a congress in the
United States if there was a clear indication that there would be
no problenms with visas. One day when | was in Washi ngton,
together with the foreign secretary of the Acadeny [Harrison
Brown] and a couple of other people, an appointnment was arranged
to neet with Secretary Herter. W got along very well, because |
rem nded himthat his uncle, for whom he was nanmed, had been the
founder of the Journal of Biological Chenmistry, and that in
reading the mnutes of the early history of the JBC and its
expendi tures, his nephew had been pai d sone noney for helping to
wap and mail the first issues of the JBC. [laughter] He |aughed
l'i ke hell. [laughter] -

O course, he knew what we were coming over to see him
about, and we then presented the problem It had been a terrible
enbarrassnment for us and for our country, to go through a
situation where a very | arge nunber of distinguished scientists
fromvarious countries had been kept out of the United States in

1951. It wasn't the Russians who were kept out. It was people
from France, many of whom had joi ned the comuni st party during
t he underground, |ike Jacques Monod. It was people |ike Pehr

Edman in Sweden who had circul ated the petitions to stop above-
ground nucl ear testing. Anybody who signed those petitions had
been bl acklisted by our State Departnent. W had a long |ist.

I was on the executive board of the biochem stry section of
the ACS and | had been responsible for organizing two synposia in
1951. It was the twenty-fifth anniversary of 1UPAC and the
seventy-fifth anniversary of the ACS. The first week was ACS
The foll owi ng week was | UPAC. They were consecutive neetings. |
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organi zed two synposia, one for the ACS and one for |UPAC. The
sol e responsibility as a nenber of the executive commnttee was to
work, to organize a synposi um

The synposium on the ACS side was no problem They were all
Americans. For the synposiumthat | organized on the | UPAC side,
two of the people that | invited were blacklisted including
Edman. | got a tel ephone call, "You' ve got to fill up the
program" | said, "Like hell I"'mfilling up the program [|I'm
not going to fill up the program |'mgoing to get up there and
announce why our speakers aren't comng." |In the case of Pehr
Edman, | pointed out that Pehr Ednman had been a post-doctora
fellowin the United States for a couple of years, working at the
Rockefell er, and was now not all owed back, and expl ai ned the
reason why. So that's the way | and others dealt with the
probl em

| explained all of this to M. Herter, who obviously knew
not hi ng about it. He said, "I assure you that any qualified
bi ochem st who wants to attend the biochem stry congress in the
United States will be given a visa, even if it's only alimted
visa for the tine of the congress.” | said, "That's all | can
ask. | can't ask you to change laws. | can ask you to make it
feasible.” So we held the first major congress in the United
States after the M Carthy period.

I went to Moscow in 1961 and invited the congress to be held
inthe US in 1964. W signed contracts for | don't know how
many thousand roons in the New York Hilton and in the Anericana,
which were still holes in the ground. [laughter] It was the only
way we could get enough space in md-town Manhattan at that tine.

Previ ously, we had | ooked all over the United States. It was the
only place where there were enough beds and enough hotel space for
a congress of this size. It was going to be in New York, and
there were two brand new hotels going up where we could hold the
entire neeting. W signed the contract and went to Moscow with a
letter of invitation fromthe Mayor of New York City and the
Governor of New York State. It was accepted, and that was it.

Then cane the time to plan the neeting in New York, and
appoi nted Stanford Mbore as chairman of the |ocal organizing
commttee. He was on the spot and could do it. W appointed the
commttees to select the invited speakers and to arrange things.
The nost amusing part of the story was to arrange the finances.
Europe was still pretty poor at that tine. Japan was stil
pretty poor at that tine. Most of the world was still recovering
fromthe war years. W knew that the only way we woul d get any
young people at the neeting was to pay travel, and to try to get
I nexpensi ve space for themto stay. W had a neeting of the
executive commttee of the congress to decide how we were going
to handle finances. | wote the applications to the NSF and the
NIlH. W al so decided we wanted to do some reasonabl e
entertaining. The travel help for invited speakers was easy; we
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could use NITH or NSF noney for that, because that was for the
benefit of American science, that we have distingui shed speakers
from around the worl d.

The younger people couldn't be justified in any way. So Ml
[Melvin] Calvin, bless his soul, cane up with a bright idea. W
were neeting at the Acadeny in Washington and Mel said, "Let ne
call Max Tishler," who was research director at Merck, "and
explain the situation.” Ml Calvin came back twenty m nutes
| ater and said, "Max Tishler has agreed to serve as chairnman of
the finance commttee, if he is allowed a free hand to appoint
t he nenbers of the committee hinself." W said, "O course.”
Later on we found out what Max had done was to appoint as nenbers
of the finance committee the research directors of all the mgjor
pharmaceutical and chem cal firnms in the United States. He
call ed one neeting and expl ai ned what the situation was as to why
this was the first chem stry congress since 1951 and the first
bi ochem stry congress; he assured people there that there would
never be another one in our lifetines.

[END OF TAPE, SIDE 5]

SMTH. He explained the situation, and said, "W've got to have
entertainnent. W' ve got to nake it a good show. W' ve got to
make up for lost years. On behalf of Merck & Co. | am authorized
to start the ball rolling with a contribution of $100, 000."
[laughter] \Whereupon a nunber of chins dropped, [|laughter] and
they all said that they had to go hone and see what they could
come up with. W ended up with over two million dollars. There
were quite a few conpani es that canme across matchi ng Merck

others with $50,000, or $25,000, all the way down the list. On
that basis we were able to hire the Boston Synphony for a concert
at Phil harnmonic [ now Avery Fisher] Hall. W couldn't get the New
Yor k Phil harnoni ¢ because they were touring sonewhere in Europe,
but we got the Boston down from Tangl ewood. W opened up the
Metropolitan Museumin New York. W arranged ten banquets

si mul taneously for the ten major synposia we organi zed. W had
proteins, |lipids, amno acids, all the topics. Each topic had a
banquet. | was the host of the protein and enzynme banquet.

These were all at expensive private restaurants. W ran a good
show. That's what this all paid for. Plus the fact that we gave
all student applicants who were qualified, round-trip excursion
fare from home-base to New York and return, plus a per di em which
all owed themto stay at inexpensive hotels for which we made the
arrangenents. So we had a | ot of younger people. Everybody says
this was the greatest congress ever organi zed. Nobody has ever
done the kinds of things we did. The next congress, by now
titled International Union of Biochem stry and Ml ecul ar Bi ol ogy,

will be in San Francisco in 1997. Ironically, the chairmn of
that organizing commttee is ny former post-doc Bob [Robert L.]
HIll, who watched ne and Philip Handler go through all of this
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because he was in ny |l ab and then with Handl er when we did nuch
of the preparation for the congress of 1964.

In 1961 or 1962, Harrison Brown, who was then foreign
secretary at the National Acadeny, decided to create an advisory
commttee on all international organi zations and prograns through
t he Acadeny. He appointed ne a nenber of that commttee because
of ny experience with the UB. After a year or so, he nade ne
chai rman of the conmittee because the previous chairman, Al [W
Al bert] Noyes [Jr.], had decided to retire frominternationa
work. Al Noyes had been the editor of the JACS for many, nmany
years. W becane very good friends, and he said, "You have al
t he younger contacts, and | know all the has-beens. You take
over." So that's how | got involved in international affairs and
that |asted for a long tine.

BOHNING In the 1951 neeting, when you refused to fill the gaps,
and made the public statement as to why the people weren't there,
were there any repercussions?

SMTH:  Oher people did the sanme thing. A few people filled the
gaps. There were no real repercussions that | heard about. It
was an enbarrassnent, and that was it.

BOHNING | was just curious about whether the State Departnent
had heard about it.

SMTH: Wien | |ater becane chairman of the advisory conmttee on
i nternational organizations and prograns, we tried to get the
Chinese from China to cone to our neeting in 1964. W wote
letters inviting them but we never got any answer from our
Chinese friends. 1In fact, when we sent out the letters fromny
of fice here, they were returned by the post office as
"undel i verable."” That's what happened to nmail addressed to China
at that time. So we took the sane letters and put themin new
envelopes. | mailed themover to a friend of mne in London and
asked himto put British postage on them and send themto China.
We had the nanes of six or eight |eading Chinese, three of whom
knew because two of them had worked in Canbridge in Keilin's

| aboratory. The third one had worked with another friend of mne
in Canbridge. So they all got invitations. | was told when I
went to China in 1973 that they got the invitations but there was
not hi ng they coul d do about them

In 1972, M. [Richard M] Ni xon decided to open up China.

In the nmeantine, we had been agitating to try to get the Chinese
i nvolved, with no success, but finally in 1973 things did happen.
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BOHNING | wanted to ask you about that trip to China because
you net with Chou En-lai at that tine.

SMTH  Yes. 1In 1970-71, we had created in the Acadeny, with the
cooperation of the Anerican Council of Learned Societies and the
Soci al Science Research Council, a conmttee called the Commttee
for Scholarly Comuni cation with the People's Republic of China.
This was wi shful thinking. W had a |letterhead, and we had a
mai | -drop at the Acadeny to |l et the Chinese know t hat whenever
they were ready, we were also. W tried to get in touch in

vari ous ways. For exanple, on a trip to Sweden |I talked to Arne
Ti selius, who had been invited by the Chinese and had nade a tour
of China. | told himto wite the Chinese and et them know t hat
whenever they were ready, we were ready to open negotiations and
either neet on neutral ground or they would be wel cone here.

They got the word. | also had done this with a friend of m ne
who was then the director of the G ba Foundation, who had been to
China. So they got the words. They weren't ready, but we were
avai |l abl e.

In the meantinme, | was chairman of the advisory commttee on
international affairs, but | refused to serve on the China
comm ttee because it wasn't doing anything. There was no point
in nmy being attached to the commttee. In fact, the man we had
as chairman of the commttee was a China schol ar from Col unbi a.
In 1971 he di ed suddenly, and Harrison Brown asked ne to take
over as chairman because he thought a chairman fromthe soci al
sci ences was the wong nessage. The Chinese woul d be nore
sensitive to that than to a natural scientist. It |ooked as
t hough the Cultural Revolution was receding a little in China,
because the word had come around that sonme Chinese were visiting
Europe. So | said, "Okay." Then in 1972 we got word that a
full-fl edged Chinese del egati on was planning to visit France and
Canada. In the neantinme, Kissinger had nade his trip to China,
and there was tal k about N xon visiting China. So we wote to
the Chinese, inviting them if they were going to be in Canada,
to cone and visit us in the United States. After the N xon
visit, we got a reply saying, "Yes." So | flewto Washi ngton,
and they canme down from Canada. W had a reception for them at
the National Acadeny, and they visited |aboratories in New York,

Boston, and Chicago, and then out to the west coast. 1In the
nmeantine, | had to get back to teach, so after | saw themin
Washington, | flew hone. Then in their final stop in San

Francisco, nmy wife and I flew up and stayed in the sane hotel
with them W nade the trips together to Berkeley and Stanford.

That's when they arranged to invite us to send a del egati on
to China. Harrison Brown and | very carefully selected a
del egation that would appeal to them There were a few people
fromthe humanities and the social sciences, but nostly natural
scientists. W picked CGeorge Harrar, the retired director of the
Rockef el |l er Foundation, who had created the green revolution; he
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was one of the world' s great agronom sts. W selected den
Seaborg; we knew the Chinese were interested in atom c energy and
its uses. W selected Carl Djerassi, who was one of the
inventors of the pill. The President of the Social Science
Research Council and the President of the Council of Learned
Societies were invited. Then we invited a nunber of people who
woul d be useful to us, |ike Max Loehr, who was the retired
curator of the oriental art collections at Harvard who had |ived
in China for nine years doing art history work. W invited A
Feuer wer ker, who was professor of Chinese history at M chigan and
whose wi fe was Chinese. W had on our del egation six or seven
peopl e who spoke and read Chinese. Qur del egation of seventeen
or eighteen people went over to China. W spent a nonth there,
basically from My fifteenth to June fifteenth, 1973. It was in
the course of that neeting with Chou En-lai that we agreed on a
scientific exchange program That's history.

BOHNI NG What was your feeling as you talked to himor
interacted with hinf

SMTH  Very exciting. He was undoubtedly one of the brightest
people | have ever nmet inny life. W followed protocol. I
woul d speak in English and it would be translated into Chinese.
He woul d speak in Chinese, and it would be translated into
English. Wile the translations were going on, he and | were
speaking in English, as we sat next to each other. He spoke
English with a very strong accent, a rather guttural accent, but
he clearly understood every word because when the transl ator,
Nancy Tang, who was a graduate of Vassar, didn't say precisely
what he had said in Chinese, he corrected her. [l aughter]

He made it very clear that they were ready for scientific
exchanges, but were not quite ready for exchanges in current
hi story and the social sciences. He said it would cone, but not
yet. There was no probl em what soever w th archeol ogy,

ant hr opol ogy, ancient art history, or any of the sciences. "You
work out the details with my coll eagues. But the other things
will have to wait a bit." He was already a pretty sick nan at

that tine. As we now know, he was dying of cancer, and he died a
year or so |ater

Wil e the translations were going on, he asked ne to
identify all the people by face fromour delegation. So there
came a point when he was tal king about some point of history or
science, that he was |ooking directly at that person. He talked
about them He had the full dossiers nenorized of every single
person on the del egation. After this was all over, he escorted
ny wife and ne out to the door of the Geat Hall. On the way, he
di spensed with the translator. He knew that | had been invol ved
inthis conmttee for a long time. He knew that | was friendly
with the two biochem sts who were in Shanghai and in Peking. He
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knew that | had witten to invite people to attend the congress
in New York in 1964. He knew the whole history of my committee.

He said sonething to the effect of, "You nust be very

pl eased now that this has cone to pass. |It's been a long tine,
hasn't it?" | said, "I amvery pleased. 1've waited a | ong
time. It's a great satisfaction to bring China back into

communi cation with the world of science and with the hope of
peace in the world." Then he stopped, and he | ooked at us, and
he waved his hands and he said, "But you nust admt that

Presi dent N xon has done one good thing." | said, "I agree." He

said, "But Watergate!" [laughter] The hearings were all taking
pl ace at that tine, and we knew about them only because Harrison
Brown had a short wave radio and woul d report to us at breakfast
every norning what was happeni ng; otherw se we were out of touch.
But Chou knew about it. M final words were, "But that wll
make no difference to our Acadeny, and to our commttee
what soever, regardl ess of what Watergate |leads to. W are ready
to continue our work indefinitely.” He grabbed ny hand with both
of his and said, "Thank you. Thank you so nmuch. Very good to
hear." That was the | ast we saw of Chou En-lai.

There's Nancy Tang with Chou En-lai and ne.

BOHNI NG That's a good picture.

SM TH: A Chi nese phot ographer took that picture. Here are

pi ctures of sone of the people with whom| have spent ny
life—this is Max Bergmann, Selig Hecht, with whom | took ny
degree, David Keilin who was ny professor at Canbridge, which is
a picture that | took

BOHNI NG That's a good picture.

SM TH.  That appears in a book of his which his daughter edited
after he died (45). She has the negative. This is H B

Vi ckery, with whom| worked in New Haven. This is another
picture of Selig Hecht which appeared in Tine nmagazine. Here's
ny late friend Oskar Wntersteiner with the first crystals of
sodiumpenicillin. Oto Meyerhof. John Edsall. Abe Wite.

Cl aude Fromageot fromParis. Phil Handler. Bill Stein and Stan
Moore. WIIly Kihne, the man who first used detergent to extract
a protein. He used bile salts, which he discovered, to extract
rhodopsin fromthe eye. He also discovered nyosin, the
contractile protein in nuscle. A very renarkable scientist.
Stein and Moore again. Then ny surviving co-workers in
1971—Phi | Handl er and Abe Wite, when we were having an author's
neeting at the National Acadeny in Washington.
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BOHNING That's a great shot with all of you together during
t hat wor ki ng session

SMTH  That was taken by Phil's son. And Frederick Gow and
Hopki ns, nore than anybody el se, the founder of nodern
bi ochem stry.

BOHNING That's an excellent collection.

[ br eak]

SMTH  There is another story which | think is historically
interesting. Wen we arrived in Beijing, | was asked if | would
be willing to give a talk. | had been aware of the fact that

they m ght ask ne, so | had brought slides with ne,

appropriately. W were planning on being in Beijing for nine or
ten days, and every day they kept postponing when | would give ny
talk. Finally they set a date, which was about a week after we
had arrived there.

In the meantinme, | had been interested in trying to visit
t he bi ophysics | ab, because | knew about one of the people who
was there, whom | had net at the International Conference of
Bi ochem stry in 1961. That was the last tinme the Chinese had
attended an international conference, because it was at that
congress that the I1UB had admtted Taiwan. They refused to
partici pate | ater because of Taiwan. Qur policy in the Acadeny
was that we admtted scientists fromevery country, regardl ess of
politics. For exanple, both North and South Korea, East and West
Germany, etc., were nenbers of many scientific unions. The
Chinese withdrew fromIUB. | net one of the Chinese in Mscow
because he had worked in Keilin's lab. After | left Canbridge |
received all the reprints fromKeilin's lab, so | knew about his
wor k.

Finally, they said, "Today we'll visit the Institute of
Bi ophysics.” So | said, "Fine." | came to his |aboratory and we
said, "Hello." | |ooked around the |ab, and I asked what he was
doing. The answers were marvel ously evasive. "W are planning

to work on so and so. W are also planning to work on so and so.
W are intending to do this.” Not that they had been doing it.
It was quite clear that all of the bottles were clean and full of
water. The constant tenperature bath was stirring along, but
there was nothing init. There wasn't a used thing in the

| aboratory. They had been waiting to bring himback fromthe
farmso that he could act as ny interpreter when | gave ny talKk.
There was nobody el se there who knew enough biochem stry to be
able to do so.
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Later on | found out fromhimthat he had been out on the
farmindeed. They had brought himback for a few days and got
hi m new cl othes. After he was back, they never sent himback to
the farmagain. He told everybody |I saved his life. W' ve
becone very good friends since then, and in our second visit to
China in 1980, we had dinner in his hone. Sonme years l|later, he
and his wife were guests in our hone.

| gave that talk, and with interpretation and with
questions, it lasted three or four hours for a rather small group
of people. The atnosphere was curious. People were afraid to
say anything; the Cultural Revolution was really not over but its
wor st phase was done.

Wien we arrived in Beijing, we had been given a long |ist of
things that we mght want to visit. Everybody had different
institutes and things they wanted to see. It turned out that
George Harrar and | were the only two who wanted to visit the
Institute of Botany. W arrived at the Institute of Botany, and
as is the customin China, standing on the sidewal ks waiting for
us were three or four of the senior people fromthe institute.

We were introduced and shook hands—our interpreter was with us.
In Chinese customyou are first taken in for tea. In
conversation they told us about the institute. W went through
the main building. It was a traditional kind of botany place.
There were a |l ot of |eaf presses, a |ot of geology, history of
plants. W were then going to go into sone out-buil di ngs where
they had work going on in plant biochem stry and physi ol ogy.
About a hundred yards away | saw a famliar figure that | hadn't
seen since 1932 or 1933, a man | knew at Wods Hole with whom I
used to play ping-pong. In fact, he really taught ne how to play
pi ng- pong. He was the nost distinguished plant biochem st in
China, and the forner head of the Institute of Botany. He
refused to go along with the Cultural Revolution. The Chinese
are rather formal, and except for close relatives, don't enbrace,
or hug. They don't do what Frenchnen or Europeans do in general.
| said, "Pei-sung" and he said, "EmI!" and we rushed to each
ot her and we threw our arnms around one another. Everyone | ooked
pretty startl ed.

We explained that we were old friends, and we hadn't seen
each other from about 1932 or 1933, when he went back to China,
to 1973. Forty years. He told nme what he was doing in the |ab,
and he was actually working. They never sent himout to the
farm because he was already not a young man. He had been ki cked
out of his professorship at the University and denoted. Every
time we were alone, he would say, "I'Il be all right. Don't
worry about nme. Send ne reprints. Send ne books. Tell people
to send nme reprints. If | don't answer, don't worry about it.
"Il get everything; just be careful what you say." Sonebody
woul d join us inmediately. Wen we were back there in 1980 he
was in all his glory. He had been restored to a nice new
apartnment. He was an honored figure when the Cultural Revolution
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was over. He died a couple of years ago. He was in his late
eighties or early nineties.

Wien we went down to Shanghai finally, after a big tour, I
was net at the railroad station by Wang Ying-lai, whomI'd also
met in 1961 in Mdscow, who was the head of the Institute of

Bi ochem stry. He immediately said, "I want you to give a
| ecture. Not tonorrow, but the next day. Eight or nine
o'clock.”™ | said, "Fine." | decided to talk about the evolution

of proteins, a good general topic in which I can bring in protein
structure, biological activity, changes of function, etc. |
| ectured fromnine o' clock until about twelve-thirty, and then we

broke for lunch. "Wuld | conme back in the afternoon and answer
questions?' | said, "OF course.” At two o'clock we started in
agai n.

It is very easy to judge an audi ence when you speak in
English and then wait for the translation. | could understand
how many under stood English, because they |aughed at the jokes.
[laughter] And then those who | aughed when the Chinese
translation was made. | had actually discovered this trick years
before in Europe. The first question fromone of the Chinese
was, "Professor Smith, you first becane fanmous for your work on
proteol ytic enzynes, but you haven't said anything about
proteol ytic enzynes. Have you stopped working on proteolytic
enzynmes?" So | explained a little bit about some of the
subtilisin work and sone of the other things. Wth translation
and what not, it takes quite a while to go through this. Next

guestion. "Professor Smth, you showed us all of this beautiful
wor k on sequences of so many different proteins, but you didn't
tell us howyou did it." | discovered this was the real problem

Intellectually they could grasp everything you had to say, but
they had no i dea about the nethodol ogies. They were conpletely

cut off. So, with a certain anount of pronpting, | talked until
about six o' clock nostly about methods. The next year they sent
a delegation to the U S., including ny |ab, to observe and take

notes on the nmethods. This is the real problemof cutoff. You
can read the journals and understand the ideas, but until you see
it done, or know how it's done, you have no way of appreciating
an experinental science. The theoretical physicists and the

mat hemat i ci ans have an easier tine.

BOHNI NG So they did have access to the journals.

SMTH. Oh, yes. They had access to the journals.

[END OF TAPE, SIDE 6]
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BOHNI NG Do you have anything el se about that China period?

SMTH  No, | thought that would be enough.

BOHNING It's very interesting. You' ve also been active in the
ASBMB.

SMTH: It used to be the ASBC. In order to preclude the
formati on of a separate society of nolecul ar biol ogy, we decided
to co-opt the situation; the international union has done the
same thing.

BOHNI NG What has been the relationship between the ACS division
of biochem stry and the ASBMB?

SMTH Close. There is a very large duplication of the
menbershi p, but there are a certain nunber of bio-organic

chem sts, for exanple, who are in chem stry departnents, who are
|l oyal to the division and are not necessarily nmenbers of the
ASBMB. To nake sure that there is no rivalry, the division of

bi ochem stry of the ACS only neets in the Fall. It never neets
in the Spring to conflict with the neeting of the ASBMB. | am a
menber of both, obviously, and so are nost people. The ACS
people tend to be nore organic, nore nechanistic, nore on the
physi cal side.

BOHNING Are there any particular activities at the ASBVB?
You' ve been involved there for a long tine.

SMTH  Earlier, | was a nenber of the publications commttee and
also on the editorial board of the Journal for a decade. The
thing that I've been involved in nost recently, since ny
retirenent in fact, is that I'ma nenber of the finance
committee. |I'mstill a nenber of the finance commttee for

anot her year. | decided one nore year is enough. | wll be

t hrough on June 30th, 1995.

BOHNI NG That's sonething |ike twenty years?

SMTH  Something like that. | suppose that |I'mthe nenory and
the conscience of the commttee, [|aughter] because there have
been many treasurers and ot her people on the conmttee have al so
turned over quite a bit. | guess the only person who has been
pretty constant, as an ex-officio nenber, is Herb [Herbert]
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Tabor.

BOHNI NG That's right, because he's been editor of the
Journal ...

SMTH ...all that tine. He took over as acting editor when
Bill Stein became ill in 1969. After Bill realized he could no
| onger do it, Herb became the editor-in-chief. Herb shows no
signs of slow ng down or giving up, but is the editor of the
Journal, which is, after all, the mgjor financial obligation and
activity of the Society. He's an ex-officio nmenber of the
commttee. He has been all the tine. But we've done very well.
We've built up anple reserves with a good investnent policy, and
it continues.

BOHNING |'ve essentially cone to the end of nmy notes. W
tal ked about your famly and your retirenent period last tinme. |
wasn't quite sure if we had tal ked about your sons. | wanted to

check that, because one of the things that | have found is that
very few people whom | have interviewed have chil dren who have
followed in simlar veins. That has been ny experience. | don't
know how common that is, but in your case, you have one son who
has followed in your footsteps. Do you think you had any
influence in that?

SM TH.  The ol der one [Joseph Donal d] al ways says he was

brai nnashed. He says that he never knew that there was anything
exciting around except chem stry and biochem stry. He is a

bi ochem st, and is presently professor and chairman of the
department of chemistry at the Dartmouth branch of the University
of Massachusetts, which is in North Dartnouth, Massachusetts. It
is one of the branches of the state university. They don't have
a Ph.D. program but they have a master's program He is
primarily interested in |lipid biochem stry, phospholipids, and
menbrane bi ochem stry. He has done work on m croorgani sns, and
now he is doing work on cell cultures in manmalian systens,
actually human cell cultures. He has had a succession of grants
fromthe NSF. Earlier he had some fromthe NIH as well. So he
is followng his own career and his own interests. It's nice to
meet himat Society neetings and to have rel ated but not
identical interests.

Qur younger son [Jeffrey Bernard] has had a sort of
checkered career. He started out with an interest in chemca
physics, and did some undergraduate research at Harvard. He
started out in nedical school for a couple of years and didn't
like it. So he dropped it and went to Caltech and took his Ph.D
in chem cal physics. Then after four years in solid state
physics, he decided to return to nmedical school. So he went back
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and conpl eted Harvard Medi cal School. He had to take an extra
year to do it, having been out for eight years. Then he deci ded
that what he wanted to do was pediatrics. He |ooked around the
country and chose Children's Hospital in Philadel phia. He did
three years of a regular residency and then two additional years
in neonatology. He is now here at UCLA as an assistant professor
in pediatrics, and beconmes an associate begi nning on July 1,
1994.

He has beconme a cell biologist, with sone interest in
bi ochem stry. He has cone around the circle. [laughter] H's
maj or research interest up until about a year ago was in the
devel opnent of cellular imunology in the newborn, and the |ack
of such i mmunol ogi cal response in the premature baby, which is
what the neonatol ogists are primarily interested in. But the
anmount of materials you can get out of neonates is very limted.
He made sone interesting discoveries in the cell properties of
t he neonate and the preeme. Now he is back culturing genes and
det erm ni ng sequences of regulatory genes.

Both of our sons have ended up in science. | think Jeff
avoi ded biochem stry for a long tine, knowng that his father and
his brother were involved in it. But after a tinme, he got around
toit. Hs first tutor when he was an under graduate at Harvard
was John Edsall. Then he did his honors thesis on the |ithium
atom spectrumwith a man named [WIIliam P.] Reinhardt, who is now
prof essor of physical chem stry or chem cal physics in Col orado.
As | said, he took his Ph.D. at Caltech and then spent two years
back at Harvard with two different people—waith [Roy G ] Gordon
in chem stry and sonmebody el se in physics. Then he worked at
Carnegie-Mellon for two years with [Janes S.] Langer, who i s now
at Santa Barbara in solid state physics. He decided that physics
is a lonesonme job, and he was nore interested in the human aspect
of applied science.

BOHNING It's an interesting place to end, in the sense of where
his previous path had taken him

If you don't have anything else at this point, | think that
we can cl ose.

SM TH: | "' m about tal ked out after three and a hal f hours.

BOHNING It's been that long, hasn't it? | appreciate your
taking the tine again today to conplete the story that we started
some tinme ago, which | apol ogize for, but | have enjoyed it

again. Thank you very nuch

[END OF TAPE, SIDE 7]
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