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IT am honored to heve been invited to speak at this grest Interna:ional

Symposium on Enaymesa, ond especially to be allowed to give a talk with the title

The Future of Inzyme Fesearche This title suggests thuit I think that I

know enough about the subject of enaymes to extrapolste its course into

the future ~ I do not - or that I have a scientific e:ystal ball tet J con

look into ~ I do note hot Ido heve is « deep belief about the importance

of enzynesa as subjects for investigation, end a sincere admiration for

enayme chemists enc blologists; and I am happy to be associated with then,

even if only in the peripheral espscity of an afteredinner speskere

The problem of enuymes encompasses essentially the whole of bioloye

when we understand enaymes - their structure, the meeh-nisn of their synthesis,

the mechanism of their action = we shell understand life, except for trose

aspects of life thet involve mentel processes; anc I have no doubt thst

enzymes are 1. pertant for these to.

Ynzymes do =n extraordinary job = that of causing chemical ractions

to take place in the body, at body temperature, vhich without enaynes car

be m-de to the place vly under mich different co ditiona or with great

difficulty. The outstanding characteristic of ensyues is t.eir specificitye

For example, the enzyme Pegslactosidase is able ensily to hydrol, se a

galactosice, .-ereas it hea little effect on the hydrolysis of 9 , luecaide,

which ciffers from the galactoside only in th: satiel e-nviguration sbout

a single carbor atoms
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The specificity that is shown by enzymes in their activity 1s not

unique to these substanceae it is found nlso in the ability of antigens

to produce 3.ecific antibodies, in the ection of drugs and hormones, ard

in the action of genes in producing replicas of themselves end in serving

also to procuce other substances of well-defined structure. Of the various

molecules thet dexonatrate specificity in their physiological activity,

genes are the beste Antibodies are heterogeneous - they have the ower of

reacting not only with the antigen th-t caused their manufacture, but also

with other antigena, more or less closely simtlar to the ordinal one;

enzymes may serve to catalyse reactions invoivin, severe different,

somewhat related, substances; but genes seen to be nearly perfect in their

actione

It is eas; to understand why genes come closer to verfection than the

other molecules with specific bloloj;icel activity ~ there is <n automatic

mechaniam for making genes better.!° the manufacture of an antibody molecule

is a process that occurs only once, 30 fsr as that molecule is concernede

I think that in the manufacture of an antibody molecule the antigen serves

as the template, the antibod; being molded about ite if the conditions under

which the antibody molecule is bein; manufactured be such as to favor the

formation of a good molecule,with high complementariness to the antien

molecule, the resulting molecule will be highly specific in its activity ~

it will be able to combine very strongly with the homologous antigen, and

much leas strongly with other molecules; but if conditions are unfavorable

(including the operations oi chance during the process of synthesis of the

molecule) the antibody molecule that is formed may h-ve only small power

of combining with this antigen, and a greater power of combining with other

molecules. ‘here is no process of selection that operstes to improve the
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quality of the antibody molecules that sre manufactured with use of the

injected antivgen as the template. ‘The process of duplication of cencs is

different in nature: it permits a search to be made for a molecular structure

with improved power of reduplication.e Let us consider, 26 an example, a

gene thet has uncergone mutatione ‘his molecule, which we may enll Aye

serves ag 2 tonplate for the minufacture of a complementcry molecule, Hy.

This molecule, By msy then serve ag the template for the manufacture of

molecule,
another/A,, complenentery to By, and similar to Aye By repetition of this process

the series of molecules, each complementary to the preceding one, is continued:

Bay Ags Byy Ag» Bay. if at any time in this process8 molecule ‘a hapens to

be formed that is perfectly sulted to serving as the twomstaye mnuacture

of a duplicate of ilself, the process of cuplicstion from then on would be

a perfectly reliable onee In this way, the mechacisnm of heredity peimita

the ultimate discovery of a gene with the power of duplicatin, itself ne: feotly,

or perhnps of a gene with such 2 atructure that the process of duplication,

if not perfect, is quickly self-correctinge

In the shove discussion we have assumed that biological specificity is

the result of complementariness in structure, rather than idertity in structure.

Each of these two alternatives has its appesle ‘the idea thst there sre

special forces th:t operate betwecn identical molecuies his been suggested

to a numler of investigators by the resonance phenomenon in quantum mec!.anica.

It seems likely tiat the specific forces resulting from this phenomenon,

operating between ide:tical molecules, are so weak as to be negligible, in

the case of lerge moleculea such as proteins snd nucleic acidae” There is

no doubt whatever that the specificity of the interaction of antibodies «nd

antigens is due to a detailed complementariness in surface configuration and

structure that permits the antibody molecule and the antigen molecule to cone



4

into close contact (to within about 1% of the minimum diatance of approach)

over o surfnce area of epproximatel, 100 Re and that the integrated weak

forcea of van der Wanla attraction, coulomb attraction between positively

charged snc negatively ch-rged groups, and hydrogen-bond formation between

conplenentary hydrogen donors and acceptors leads to 2 specific bond of

significant strength between the comploxentary moleculese I think that

complenentaziness in molecular structure of the same sort 13 responsible

for biolo.leai specificity in genernle In particular, 1 thirk that it is

iikely that many enzymes « perhaps ll enzymes except those involved in the

transfer of electrons during oxidation-reduction reactions - are effective

because of a complementariness in structure to the reacting moleculcse By

the “reacting molecules" I do not mean the substimte molecules themselves,

with their nornial configurations. If an enayme were to heve a structure
nolecules

complementary to thet of the subsatrate/in their normel configurations,

the combination of the su: strate molecule with the enzyme would stabilize

the .yatem, and in this way wovld increase the energy of activation associated

with the reaction, anc hence decrease the speed of the roactione if, however,

the e:zyme were complementary in atructure to the activeted complex = the

half-way structure in the chemical reaction - and not to the reectant molecules

or the product molecules, then the evergy of interaction of the enzyme with

the activated complex would decrease the enerpy of activation, «ind hence

inerease the sperd of the reaction. This is a reasoneble picture of enzymic

activ.ty, anc one thet is supported by expe-imental informstion about in=

hibition of enayme reactionse We sce that a molecule of an excellent inhibitor

of an enzyme is one th t simulates in its structure the activated COMPLEX

By the continucc study of inhibition of enzyme reactions and determination

of the detailed moiceuisr atricture of the inhibitors it may be possible
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to reach some reliable and detailed conclusions ebout the structure of the enayne

itself, in the region carrying the activitye

In order to incresse our knowledge of the structure ond mechaniam of action

of enzymes more work must be done in t.e field of molecular structure. In particular,

the present atructure theory of chemistry, which suplies in the main to subst«nces

in their noimn)] sistes, must be extended to cover cleo t.e activated comploxeae

Because of the brief period of tire during which the activated complexes exist,

in the course of chem’cal reactions, the exoerinentsl study of their structure is

difficulte I think th:-t it is likely that the development of the field of structural

chenistry of activated complexes will be made in iarge part through the application

of theory - an extrapolation from the chemic:] structure theory of substances in

their normal statese

ihnaymology aa a science now stonds where organic chen!stry stood a century

avo, before the structural fo:mulaa of chertetry/developede In the couree of the

nany interesting papers about enzymes thet were presented at the symposium today

there was not shown a single lantern sli.e giving the interatomic interrelationshipa

of an enayme and th: activeted complex for the catslyzed reactione ‘The tine is

rapidly approachin; when enseyne echerisats wil] use structurnl formulas of activated

complexes, end atructurel formulas of the enaymes with all interatomic dinensions

correct; wren this ti-e comes, ensymology will heve reached the staye in ita

development that hee now been reached by organic chentatrye

Enazymes are proteinse urine recent years we have seen the astounding

development of chemical methods, includin; chromatography, to such power as to

permit tho detornination of long sequences of emino acids in the volypeptide chsing

of proteins. It is evident, however, that an uncerst:ncin, of the specific sroperties

of proteina cannot be olteined through knowledge of sinoenacid secuences slones It

will also be neccessary to heve knowled,e of the way ln which the polypeptide ec! ain

is folved, sand the detailed configuration in space of the side cheingse I am
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confident thst the xerey investi¢ation of erystals of globulnr proteins will be

successful in lescing to the complete structure determination - tle location of

every atom - of the molecuies of neny proteins long before the next fifty years of

enzyme research is overs I an willing to forecast that within ten years there will

heve been made such a complete structure determination of at lesat one ecsyatelline

giebular protein.

it is ha:d to foreenst to how creat <n extent enzyme researc. during the

next fifty years wil. Je-d to progress in the ficld of medicinee It is now known

thet a number of diseases are the result of some aort of abnormality invelving ensymea,

and thet perhaps these diseasea should be deserlbed as molecular diseases, resulting

from the synthesis of enaymes of abnormal structure, which are not able to carry

out in a proper way the work thet the enayme normally coese Sickle cell eneda vas

the first cisenge to be recognised as resulting from the pene=controlied aynthesis

of an abnornnl molecule, in this case the hemoplobin molecules It h-s bees shoun

that a condition that may be called a disease occurs in Neurospora as a result of

the manufacture of esbnorcal molecules of the enzyme tryptophan synthetase. ‘The

dlseasdshenylxetonurta, which lends to mental deficienzcy and other menifestations,

geens clearly to be the result of a gene-controlied fsilure of the indivicual to

manufacture ar effective enayme tiat nornuelly catalyses the process of oxidation

of phenylalanine to tyrosine. Perhaps the genic «bnornelity is such as to lead to

a complete Interruption of the process of monufscturing this enzyme, or perhap

an abnorvel molecule is menufaetured, which does not heve the nore: 1 enajrie eaectivitye

A score of diseases heve so far been recognized ag enayme diseases, presumably

resulti:¢ fron the manufacture of sbnormal molecules i> plece cf the active enzyme

moleculese I think that it is not unlikely thet there are hundreds or thougends of

such disensese
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I foresee the cay when many of these diseases will be treated by the use of

artif' cial enaymege “hen our unde:stencing of enayme activity becomes preat

enouvh, it wil! be possible to synthesize a catalyst for the oxidation of

phenylalanine to tyrosines 4! smisll amount of this catalyst may then be atteched

to a reticular fra owork inside of « small open-ended polythene tube, which car

be permanently placed within an artery of s neweborn child who hra becn shown

by the presence of phenylpyruvie acid in the urine to heve tnherited phenylzetonuria;

through the action of the catalyst the child showld tien develon Lx = noreal weye

This laen seems Fantastic now, but the world of 1956 is a fantastic vorld from

the viewpoint of 1905, and I have little doubt thet my ordiction about the world

2005 will tun out notfbe? a bold one, but rather a timid -nd unimayinative ones

Enaynes are wonderful substances « they consist of wonderful rolecules. ¥e

do not know very much about these molecules as yet, one so fs: durire tia

Internationa] Symposium on Enaymes t ere hes been very little discussion of the

new exnerimental information about onzymes in relation to the detailed molecular

structures of the enzymes and the reseting molecules. I ap sure tint the field

of ena,me research will be much different even fifteen years from now + tiet

tiere wil: then be ouch grester knowledpe than we now have of etricture anc

activity of onzpmese | hore that fifteen years from nou the o will be avather

intesnstion:1 symoosius on enzyues here in Detroit, and thet ¢ may have the

opportunity te attend it - end I vreadict thet many of the snenkers at this

symposium, 1970, will illustrate their papers by the use of slides showing

detslled molecaiar structures of enaynes end reacting molecules.
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