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INTRODUCTORY REMARKS

Mr. Carmichael, Mr. Taylor, Mr. Rittenbergy, members of the New
York Section, ladies and gentieman. It is a bit difficult to find the precise and
correct words io express Io you my feelings at the moment. To accent this
medal is an honor indeed, and 1 hope the years to come will justify Mr, Carmichae!
and his colleagues in their selection., As for Mz, Riitenberg, I can only say that
the thought may have occurred at the iime he suggesis and in the way he suggests.

1 do have one bit of information which Mr., Rittenberg overioocked. In fact,
I am not at all sure that any researcher could have discovered this bit of informaiion.
I am not trying to describe toc you the time ai which the decision to go into this
work was made -- thai Mr, Rittenberg has already dome. I weuld like to describe
to you the moment (aad, cux‘i@usiy enough, it was a moment) when the zec@gn;hm&
of one of the basic faceis in the phsmsymhet“e:: carbon dioxide cycle occurred, i
80 happened that we didn't have a freezer in our house and I had to go down, very
likely, to a place where they have some deep-freeze squipment and wheve my wife
kept certain items that we needed to keep for a long period of time, such as an
occasional steak, One day we were down there collecting either th@ mze:m.ag
dinner or the next morning's breakfast, and [ was waiting in the car. I had had
for some months some basic information from the laboratory wmhn wasg {ncompa
with everything that, up until then, Iknew. I was sittiag at the wheel, waumg
while my wife went in (o get what she went after, and I think I was parked in the
red zone {I'm not sure)j when the rscogaition of the missing cormpound ocourred.
It occurred just like that --quite suddeniy--and suddenly, alao, = a maiter of
seconds the cyclic character of the path of carbon bacame apparent to me, not’
the detail that vou will see later, of course, but the original recogaition of
phosphoglyceric acid, and how it got there, and how the acceptor might be
regensraied all occurred in a matter of 30 seconds. So there iz such a thi
inspiration, I suppose, but you have io be ready for it. Idon’t know what
ready ico ;i at that moment, except I didn’t have angfﬁziag else to do, ‘.{ ha
and walt, and perhaps that in itself has some meral. It is this kiand of thin
{would like to tell yon a litile more about.

Tour chairman and your awards-committee chairmaa both emphasizad
: ‘Jﬁc}a@i& in estab ia}nﬁg %;31@ rréda,‘, wanted to recognize basl
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It is mv feeling that
is not the numbers but the 4%}‘}3{ men ef:apabg
original notions that could put these many gcaaa%asm aad @ngé BET
to work, In order io find g%tssg, few people, there musi bz a climate for &
development of maoey. Aa s smm,m% wai*xmﬂ ¢ this climate iz an mm@:spa here of
%}’

curiosity aboui the naturs i" the world around us ﬁﬁé the freedorm io aatisiy thav
curiesity. My very ,;.:fssse@ne:a‘ here dmghi to recsive the hcacr that yvou have

bestowed upon me iz evidencs of your regard for the product of such an atmesapher:

DISCUSBION

I would like {0 t= ':il o he story of the ds ;eionmaniz of ihe we’w’k that stazried
out 28 an investigation o p tosynthesis and that continses in this direction bug
which has many sew ramific i@ns and some entizely s?. rangs r%saiﬁso FPhoto-

synthesis, the process %;ps whick all life cn sa-th today ia ullimately dependsol,
achieves the conversicn of slactromagnetic energy from the sua into cherical
energy in the form of plant material, by the reduciion of carbon dicuide {rom
the atmosphev@ with the liberation of oxygen o the atmospbere (and you will zae
a little more of that in a moment). 1t has bz=n possible to describe in some
detail the way in which the plant accomplishe 5 the raduction of CO;y, usiag
radicactive carbon as 2 tracer. The staius of our present tnowledge, and how
wa attained it, together with some prospecius of the {uturse and what we can
forward to, is the principal theme of this discussioa,

Figure 1 will give you some idea of the problem as we fased it. 7T
molecuies that are2 involved in the phoiosynthetic process in the beginnl:
the twe ot the yﬁmmmwawr on the left, and carbon dicxide on the right,
FnerYY somehow breaks the water moleculs, z:m)dm:éng something that v
becomes oxvgen, with a sequence labeled & B, and T, and an aciiweﬁﬁ Fryigats
{(H) of some sort, which acts upon carbon dioxide or 3 dem sative of caroon d
producing cmmpmunds «si@ug ‘*%m seguence X, T, and Z, ultimalsly %:@ form
carbohvdrate, that iz, raduced cazbon.
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Fig. 1. Elementary photosynthesis scheme
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Fig. 2. Schematic representation of Cl‘4 labeling in the leaf.
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ZN-1960

Fig. 3. Shake-flask apparatus for algae culture.
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TO REGULATED
AIR SUPPLY

MU-12066

Fig. 4. Constant-density algae-culture apparatus: A, 16-liter
carboy of medium; B, solenoid; C, glass tube with D,
magnet; E, bubble trap; F, stopcock; G, cotton-packed
air outlet; H, cotton-packed air filter; I, three-way
stopcock; J, draining and inoculating tube; K, magnet;

1, fin; M, encased algae culture; N, water bath; O,
magnetic stirrer; P, collecting graduate; Q, reservoir;
R, jacket with eight fluorescent lights; S, pinch clamp;
T, overflow outlet, Inset is cross section showing jacket
with eight fluorescent lights.
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Photomicrograph of Chlorella,
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Fig. 7.

Top view of chromatograms

UCRL-8273

. ZN -1957

in chromatographic trough.
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ZN -1959

Fig. 8. Chromatogram of extract from algae indicating uptake
of radio-carbon during 30 seconds of photosynthesis.
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ZN -1958

Fig. 9. Chromatogram of extract from algae indicating uptake of
radio-carbon during 10 seconds of photosynthesis.
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Fig. 11. Schematic diagram of photosyunthesis in leaf.
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ZN-1748

Fig. 12. Photosynthesis of food from carbon dioxide.
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The mechanism by which we beliave this as:i‘cimﬂ seeurs hag
fact that most of the giant molsculas in the Uving
cular shape they have becauvse of bonds within ihem {iorm %‘fﬁ oy vhe
atoms of their structur=. When these hydrogsn aterns are replaced wi
deuteriurm atoms, we mav expsct these struciures o change markedly., This
»hould prove Io be an important ioel in the investigaiion of thess most basic
substances ia biclogy,
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Another unaaticipated developme:

hasg been the evolution of concepis of ¢
which could lead, oun the one hand, o il g

and, oa the other, to new thoughts ou the ralationshipb
structure and visible macrosizucture and function in ¢
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CONCLUDING REMARKS

You can see how thiz work, which has been the produc
of many pecople {rom all existing divisions of scienca--physi
and biology--has led tp a new synthesis, not oaly in . the origia
but perhaps in sthers undreamed of at iis imzapt}l@aav

iy

In order to foster this sort of thing, it ssems {0 me our methods o
educating scientisis musi be carefully examined, This education mus: be such
as to enable the young scieniisi o é.‘"‘i:.)iﬁ » deaply and we‘éf* some particular az
of natural phenomena. Thewres is no subst tm‘: for this sor: of concenirated
activiiy and coaceatration of ?fzimug;n However, 1{ roust %:m accompanied by
the conviction that the student iz {rae to {ollow, and, in Jact, has the duiy fo
follow, the exploration of any natursl phenomsna inio whatever area the ‘sfig&t
mavy lead him. In this way will the creation of new horizona overlaoppin ¥
divisions of science be sncouraged. Without it, we will be lizvited to
cations and subdivisions of acience developed during the 1Jth and sarly
ceniuvies, and our theughts, conceptiions, aand even praciical developmenis
be circumscribed by the very words and modes of expression which szach s
subdivision of today tends o use,

o

n order to avoid academic prejudics, I felt it sncuwmbent oo me in

» external expression of what I wanted to say, and { jound it in the rds
old Gershinowitz, the president of the Shell Developmen:z Company aiaaaa

tifornia s

1 the im\.»g@a aense there can be ao
:Z.'gﬂussi“ it mavy 53%'3,?,, out thus, b
types of aa.mm%: v that %*w

v %

idencs will i’




And 1 add, ona lavge

’

I would suggest that the crzation of several doza:
inegtitutes devoied o unresiricied basic research ‘zuch zz [ hav
to you] throughout the country, locaied, as they musi be, at ths
would be a partial answer, at least, 0 our problem of producing the ;
thinking in all areas of science that we so sorely need. The fuads of
of these laboratories mmay come from a variety of souvces. I would b
desirable if they could come irom the foundations and private contzibuiions,

o

i¢ is difficult to see that amount of money necessary for the creation of seversl
dozen of these laboratories 7o be forthcoming from such sourcsas,

Cne might sxpect that the managers of our indusirial complex would
appreciate the value of such uncomiited research esiablishmentsz outaide their
own research and development laboratories, and help to {ind wayvs and means
of providing the facilities and continued support thai they would aced. However,
it appears that the ounly siagile source capable of achieving the creation of thess
laboratories, and on the scale w2 need them, will be the psopls 28 a whole,
probably through the function of one or more of their Federal agsncies, such as
the National Academy of Scieaces or the National Sciznces Foundation.

These institutes must be par? and parcel of the {abric and development of
our universitiea. Their staifs could be about one-third academic and permanens
supporting persconel, ons2-third visitiag postdocioral pecple, and sne-third
graduate students. The absciute numbers would depsand upon the individuals
concerned and the arsas of their work, One might axpect them ¢o vary {rom leas
than a dozen to maybe 10 or 20 times that maay,

We would thus not only provide the climate for the generation of new
ideas but also for the discovery and development of the young men capable of
producing them, Without these, we as a natican will not survive in the class in
which we now stand. Unless we contribute in this large way to the development
of the human race, w2 will have {o sink back inic a subsidiary position in the

Py 3

intellectual activities of the world,




