
and oxygen in a ternary catalytic com- 
plex, permitting the transfer of electrons, 
either singly or in pairs, from urate to 
oxygen. 

Beinert has recently reported that in 
the oxidation of substrate by the flavo- 
protein, fatty acyl CoA dehydrogenase, 
t ~ v o  molecules of enzyme-bound flavin 
appear to act together (21) .  They are 
reduced together to a semiquinonoid 
state by one molecule of substrate which 
is thereby converted directly to product 
without passing through a detached free 
radical state. fi is reasonable to suppose 
that in the reoxidation of the semiquino- 
noid enzyme intermediate by oxygen, two 
electrons are similarly transferred to the 
oxygen molecule without forming a de-
tached perhydroxyl free radical. I t  is of 
interest that the oxygen-facultative, two- 
electron transfer oxidase, glucose oxidase, 
also contains two molecules of flavin per 
molecule of enzyme. If these coenzymes 
act in concert during the reduction of 
molecular oxygen to hydrogen peroxide 
without forming detached perhydroxyl, 
the absence of indiscriminate radical at- 
tack during the action of the enzyme may 
be ex~lained. 

The enzymes which catalyze te rmin~l  
four-electron transfer to molecular oxy- 
gen are all metalloproteins (laccase, as- 
corbic oxidase, catecholase function of 
the phenolase complex, and cytochrome 
oxidase). In these cases, it is usually con- 
sidered that either four consecutive trans- 
fers of single electrons to the bound 
oxygen molecule occur, or that the elec- 
tron-transfer oxidase is so organized with 
respect to substrate that groups of elec- 
trons can be transferred simultaneously. 
This may be accomplished by means of 
clusters of oxidases bound to the oxygen 
molecule, each undergoing one-equiva- 
lent oxidation-reductions, or by means of 
two-equivalent (or higher) oxidation-
reductions (14). 

In the case of oxidases bearing copper 
or iron at their active centers, this might 
involve valence states higher than two or 
three (for example, respectively C U + ~ ,  
CuC4, Fee ,  Fe+5, or Fe+G). In such a 

case, two-equivalent reduction of molec- 
ular oxygen becomes possible without 
formation of detached free radical in-
termediates. The evidence mentioned 
concerning the reactions of hemoproteins 
with peroxides (14) ,  and electrophilic 
hydroxylations catalyzed by ferrous iron- 
oxygen systems (13, 15) suggests that 
molecular oxygen bound to cytochromc 
oxidase may undergo two two-electron 
reduction steps, each step forming a 
water molecule or hydroxyl anion (Eqs. 
24, 25). 

Fec++Ozt 2e $Fec++Ot 0 - ( 2 1 )  

The relationship between such a 
mechanism for the terminal reduction of 
molecular oxygen to two molecules of 
water and mechanisms proposed for 
mixed-function oxidation (types ii and 
iii) is apparent and is being investigated. 
It  is also apparent that such electron 
transfer and mixed function systems, 
acting in reverse with consumption 
rather than production of energy, afford 
interesting hypotheses for photosynthetic 
formation of molecular oxygen. 

Summary 

The enzymes which catalyze reactions 
of molecular oxygen occur in three prin- 
ciple classes: ( i )  oxysen transferases, 
i i i)  mixed function oxidases, and (iii) 
electron transferases. The first class cata- 
lyzes the transfer of a molecule of molec- 
ular oxygen to substrate. The second 
class catalyzes the transfer of one atom 
of the oxygen to substrate; the other 
atom undergoes two-equivalent reduc-
tion. The third class catalyzes the reduc- 
tion of molecular oxygen to hydrogen 
peroxide or to water. 
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taught uninterruptedly until his retire-
ment in 1942. 

An ardent disciple of his predecessor, 
William Graham Sumner, who intro-
duced, in 1875, the first course in sociol- 
ogy in an American university, he de- 
voted much of his research. following the 
latter's death in 1910, to bringing to com- 
pletion the huge project which Sumner 
had begun and which was finally pub- 
lished is the four-volume Science of So-
ciety, in 1927. Iceller, a prodigious writer, 
was the author of 12 other volumes. 
Noteworthy among them are Homeric 
Society (1902), Colonization (1908),So-
cietal Evolution (1915), Man's Rough 
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Road ( 1932), and Net  Imfiressions 
(1942). He also edited various books- 
collections of Sumner's essays in particu- 
lar-and published scores of articles and 
hundreds of notes and reviews. 

Like Sumner, Keller was a pioneer in 
stressing the objective and scientific ap- 
proach to the study of social phenomena. 
The two men founded what might be 
called "cultural sociology," a compara-
tive study of the institutions and pat-
terned forms of behavior of social groups. 
At the risk of oversimplification, it may 
be said that Sumner's major single con- 
tribution was the concept of the folkways 
(Folkways, 1906) and Keller's, that of 
extending the principle of evolution into 
the social range (Societal Evolution, 
1915). Sumner defined folkways as hab- 
its of the individual and customs of the 
society which arise from efforts to satisfy 
needs. They become regulative for suc-
ceeding generations and take on the 
character of a social force. Although 
deeply rooted in tradition, they are modi- 
fiable and change in response to chlnging 
life-conditions. Keller demonstrated that 
adjustment is the crucial fact in social 
life, that man's mode of adjustment is 
mental and social rather than organic, 
and that it may be measured by his 
civilization or culture. Societal adjust-
ment, he further held, is achieved, in the 
main, automatically, through the opera- 
tion of massive impersonal forces of 
which the individuals concerned arc 
rarely more than dimly aware. 

The work of both scholars was inte-
grated in the monumental Science o f  
Society, which traced the development 
and adjustment of social institutions from 
early beginnings, drawing material from 
primitive, as well as modern, societies, 
and basing conclusions on teny of thou-
sands of instances or cases. 

This dispassionate analysis, classifica- 
tion, comparison, sequence-making, and 
law-derivation in the field of human af- 
fairs was a novel approach in their time, 
when the traditional study of mankind 
consisted in appeal to the supernatural, 
appeal to authority, reliance on intui-
tion, pure logic, and the like, with no 
thought of subjecting notions to rigorous 
verification, and when indeed, at least 
in certain quarters, it was regarded as 

quite improper to consider men and so- 
ciety as natural phenomena. "Under-
graduate students," Keller once wrote, 
"know little about method, and care less. 
LVhat thev imbibe. howcver. from tender 
years, is deduction, always deduction. 
They are not taught much about causes 
-impersonal causation-but ever is 
agency set before them, chiefly in tile 
guise of the great man, the hero to wor- 
ship. They are fed upon grand shaky 
major premises and imposing visions of 
idealized lives of great men, and other 
edifying and ethical mythology. Through 
such constructions Sumner [and Keller 
too] drove a mighty bludgeon. Of course 
there was lamentation and resistance as 
the pieces flew, but young men are far 
from being supine fools and besides, they 
are not averse to a racket; and many of 
them followed Sumner through the hole 
he had made and came out into a freer 
air on the far side." 

A born teacher, with the knack of put- 
ting ideas, even abstract ones, into force- 
ful language, Keller exerted a tremen-
dous influence on generations of Yale 
students. In his long years at Yale he 
estimated that he had taught 16,000 of 
them. Teaching he regarded as a man-
sized job, to be done to the best of one's 
ability, faithfully and conscientiously; a 
human job that should rank above the 
paper job of research and publication. 
I-Ie demonstrated that he could do both 
extremely well, but, to his mind, teach- 
ing was the greater of the two. 

The distinguishing traits of his teach- 
ings, as they were impressed on his stu- 
dents, were to challenge every idea and 
tradition by reference to cold facts; to 
conceive present crises-political, eco-
nomic, social-in the light of a long 
stretch of social evolution; to mistrust all 
panaceas, exercises in logic, and subjec- 
tive and mystical revelations of ethical 
principles and transcendent philosophies; 
to dig the major premise out of every 
generalization, particularly out of the 
noble ones; to work unceasingly; never to 
compromise for the sake of diplomacy; 
and, above all, to discipline oneself. 

Keller held that all zood elementarv 
u 


teaching in college must be more or less 
dogmatic. "To begin with the balancing 
of theories," he asserted, "is idiotic. The 

only way in which a student may health- 
ily set out is from some definitely and 
clearly presented position; then subject it 
to all the criticism possible. Rut there 
must be something solid to set foot upon, 
and I do not know what could be better 
adapted to the purpose than the matured 
conclusions, from long and intimate ac- 
quaintance with the facts, of a mind 
whose single interest is the truth. What 
matter if later study and experience 
cause one to question such conclusions? 
He has at least something positive to cor- 
rect or reject; and is challenged by his 
very respect for what he has been strongly 
taught, not to abandon it for less than 
serious reason." 

In part because of a shy and retiring 
nature, which he hid behind a kind of 
surface bluntness, and in part because he 
felt they took time away from his work, 
Keller shunned membershia in arofes-
sional organizations and most outside ac- 
tivities. Although he was one of the 
founders of the American Sociological 
Society, he attended its meetings for only 
a few years and later resigned. I-Iis mem- 
berships consisted only of Phi Beta 
Kappa, the Sigma Xi, and the university 
club. 

A lone wolf in many respects, Keller 
was distinguished by his personal and in- 
tellectual honesty, which led him to deal 
openly with others and to abhor all po- 
litical maneuvering; by his scientific in- 
tegrity, which made him impatient of 
fools and charlatans (of whom there 
have been more in the social sciences 
than in disciplines further advanced to- 
ward ~reciseness); by his paradoxical 
combination of a fundamental tolerance 
of attitude with a dogmatism of exposi- 
tion, which proved effective in long years 
of successful undergraduate teaching; by 
his stability and toughness of mind, his 
utter lack of pretense, and his austerity. 
Defects reside in these as in all virtues, 
as Keller would have been the last to 
deny, but the picture that emerges is that 
of a genuine scientist, imbued with a 
deep humility in the face of the moun- 
tain of the unknown beside the molehill 
of the known. 
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