
B. D. Akin, S .  L.  Jones, ibid., No. 14 (1949), 
p. 25. 

6. 	 J. A. Elson, "Snrficial geology of the Tiger 
Hills Region, Manitoba," unpublished Ph.D. 
dissertation, Yale University (1955). 

7. 	 W. A. Johnston, J .  Geol. 24, 631 (1916). 
8. 	 --, Geol. Suruey Can. Mem.  No.  82 

(1915), pp. 55-56, 66-68; J .  Geol. 24, 635 
(1916); Geol. Suroey Can. Summary Rept.  
1917, pt. D (1918), p. 145; Geol. Suruey Can. 
Mem.  No. 128 (1921), p. 26; Geol. Suruey 
Can. Bull. N o .  7 (1946), p. 5. 

9. 	 P. E. Denn~s,  P. D. Akin, S. L. Jones, G. F. 
Worts, Q. F. Paulson, collectively and indi-
vidually, in N.  Dakota Geol. Suroey Ground 
Water Studies N o .  10, 14, 15, 16, 22 (1948-
53); W. M. Laird, N .  Dakota Geol. Suroey 
Bull. No. 17 (1944), pp. 22-23; C. 0. Rosen-
dahl, Ecology 29, 289 (1948). 

10. 	 J. F. Rominger and P. C. Rntledge, J. Geol. 
60, 160 (1952). 

11. 	 hl. E. Hnrst, Ann. Rept .  Ontario Dept. Mines 
41, pt. 6, 16 (1932). 

12. 	 E. Antevs. Bull. Geol. Soc. Am.  62, 1242 
(1951). 

13. 	 E. Poser, personal communication. 
14. 	 G. W. Barendsen, E. S. Deevey, L. J. Gra-

lenski, Science 126, 912, 913 (1957). Iam 
grateful to the authors for making these dates 
available to me prior to publication. 

15. 	 J. Satterly, Ann. Rept .  Ontario Dept. Mines 
50, pt. 2, 44 (1943); W. W. Moorehouse, ibid. 
48, pt. 4, 17 (1939); R. E. Legett and M. W. 
Bartley, Econ. Geol. 48, 517, Fig. 3 (1953). 

16. 	 Observed in one place by A. G. W. Wilson 
[Geol. Suroey Can. M e n .  No .  1 (1910)], p. 
104. 

17. 	 R .  C. Murray, Am.  J .  Sci. 251, 150 (1953). 
18. 	 H. E. Wright, J. Geol. 63, 403 (1955). 
19. 	 E. A. Christiansen, Saskatchewan Dept. Min- 

eral Resources Rapt. No .  21 (1956); F. H. 
Edmunds, Univ. of Saskatchewan, unpub-
lished; J. A. Elson, unpublished. 

Endocrine Control of 

Amino Acid Transfer 

Distribution of an Unmetabolizable Amino Acid 

Matthew W. Noall, Thomas R. Riggs, 

Lois M. Walker, Halvor N. Christensen 

We can greatly oversimplify a descrip- 
tion of amino acid metabolism by writ- 
ing 

proteins 

Amino acids 'Q 
2L 

urea t Cop t HnO 

T h e  remarkable features which dominate 
amino acid metabolism in the higher ani- 
mal are ( i )  the large shift from fate 1 
(anabolic) to fate 2 (catabolic) which 
takes place when the animal passes from 
fetal life and infancy to adulthood and 
( i i )  the large shifts which can be induced 
experimentally, either by administering 
a hormone or  by producing conditions 
which stimulate secretion of hormones. 

T h e  hypophyseal growth hormone and 
certain androgenic steroids are recognized 
to have strong anabolic effects, and some 
of the adrenal cortical steroids, strong 
catabolic effects. I n  addition, other hor- 

Dr. Yoall, a former member of the staff of the 
department of biological chemistry a t  the Univer- 
sity of Michigan, is now with the department of 
obstetrics and gynecology a t  Washington Univer- 
sity, St. Louis. hlo. Dr. Riggs, Dr. Walker. and 
Dr. Christensen are on the staff of the department 
of biological chemistry at the University of Michi- 
gan, Ann Arbor. 

mones, notably the estrogens, produce 
growth of particular tissues. Before try- 
ing to explain these effects, we must 
complicate the above scheme by remem- 
bering that anabolism and catabolism do 
not take place from a single homogene- 
ous pool. We can write instead, as a sec- 
ond approximation 

Amino acids in various 

nonhepatic cells *1 
proteins 

3 ?.l 
extracellular amino acids 

4 1.J 
amino acids in 

liver cells lr/Proteins 

'urea + COz + HnO 

This scheme reflects the conclusion 
that most of the net degradation of amino 
acids occurs in  the liver, whereas only 
hepatic proteins and some of the circula- 
tory proteins are formed in the liver. 

Steps 3 and 4 are concentrative trans- 
fers of the amino acids into the cells- 
that is, transport against concentration 
gradients, discovered in 1913 by Van 
Slyke and Meyer ( 1 ) . T h e  process has 
been extensively studied (2, 3 ) ,and may 

20. 	 An ice shed in the District of Keewatin that 
was the "center" of outflow of this detached 
portion of the Lanrentide ice sheet is reported 
by H .  A. Lee [Geol. Suruey Can. Paper 53-22 
(1953), p. 21 and by J. G. Fyles [Geol. Suroey 
Can. Paper 55-17 (1955), p. 31, and its ex-
tension southward is reported by J. T. Wil. 
son [in R. F. Flint, Glacial and Pleistocene 
Geology (Wiley, New York, 1957), p. 1541. 

21. 	 D. Love. personal communication. 
22. 	 Erratum ad referendum. This is a suitable 

place to correct an error that has recurred in 
a generation of reference books [the most re-
cent examples are J. K. Charlesworth, The  
Quaternary Era (Arnold, London, 1957), p. 
476, and W. D. Thornbury, Principles of Geo- 
morphology (Wiley, New York, 1954), p. 4081. 
Although a glacial lake in the lower Saskatche- 
wan Valley may have merged with Lake Agas- 
siz, glacial lakes Regina and Souris were en-
tirely separate lakes. Yeither merged with the 
other, and neither merged with Lake Agassiz. 

well be a restrained form of similar ac- 
tivities found in lower forms of life, 
which, however, have not yet been shown 
to be definitely concentrative. 

Accordingly, concentrative transfer un- 
doubtedly was developed before hor-
monal control; hormonal restraint ap-
pears, instead, to have been superimposed 
upon a primitive activity. I n  some micro- 
organisms concentrative transfer may be 
substrate-induced ( 4 ) .  Concentrative 
transfer occurs across many cell barriers, 
such as the placental barrier ( 5 ) , the 
renal tubular cells, and the intestinal mu- 
cosa, but also occurs across the cell bar- 
rier of most other cells so far studied (see 
Gale, 6 ) .  I t  is a common step through 
rvhich every amino acid must pass before 
it can be utilized. We have delayed call- 
mg the activity a "transportase" or "con- 
centrase" (or,  as one colleague has sug- 
gested, a "here-to-there-ase") until the 
enzymatic portions of the process have 
been more clearly demonstrated. A more 
objectionable term, permease, suggests 
Incorrectly that we are dealing with the 
breakdown of barriers to diffusion, and 
should be rejected. 

Paradoxically, we have observed man) 
times that the free amino acid levels are 
higher in the more rapidly growing tis- 
sues, where they ought instead, if any-
thing, to be depleted. This result has 
been observed in fetal life ( 5 ) ,in hepatic 
regeneration ( 7 )  and in neoplasia (8 ) .  
Might an  estrogen, for example, stimu- 
late growth of the uterus, by increasing 
the extent to which that tissue concen-
trates amino acids? Might growth hor- 
mone increase the extent to which vari- 
ous tissues capture amino acids? Might 
the catabolic steroids increase particu- 
larly the hepatic capture of amino acids, 
thereby exposing them to acceleraG-d de- 
struction? 

Such questions were asked (9),and 
the latter one tentatively answered in the 
affirmative, in 1948 ( 7 ) ,  when hepatic 
amino acid levels were found to be in- 
creased in the rat after laparotomy. In  
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the human patient, plasma amino acids 
are lowered by trauma or surgery or 
febrile illness; this effect might also arise 
from increased hepatic uptake. 

Procedure and Analysis 

Unequivocal demonstration of thc 
regulation of amino acid metabolism at u 

this common transport step has not been 
possible heretofore, although many ob-
servations have been in agreement with 
such regulation. The  difficulty has been 
to distinguish possible effects upon ana-
bolic and catabolic reactions themselves 
from effects upon transport. This has now 
been accomplished by the use of an un- 
metabolizable amino acid, n-aminoiso-
butyric acid (AIB) ,  which undergoes 
concentrative transfer in an apparently 
normal fashion, being strongly concen-
trated by cells, and therefore only slowly 
excreted from the animal. The  synthesis 
is described eIsewhere (10). 

The  earlier observations of nonmetabo- 
lizability made at high dosage levels 
(11) were confirmed at tracer doses. At 
1 milligram per kilogram of body weight, 
not over 0.02 per cent of the radioactiv- 

. . 
I I I I I I. I 

100 200 300 
W E I G H T  IN G R A M S  

Fig. 1. Rising serum levels reached after 
administration of a standard dose of AIB, 
with increasing body size. One milligram 
of AIB per kilogram of body weight was 
injected 39 hours before analysis. The 
correlation coefficient is 0.883. 

WEIGHT IN G R A M S  


Fig. 2. Decreasing "amino acid hunger" 
of a tissue with increasing size of the rat. 
Same animals as in Fig. 1. The distribu- 
tion ratio is the ratio of the tissue level of 
AIB to the serum level, both expressed in 
counts per kilogram of water. The corrr- 
lation coefficient for the line is - 0.696. 
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ity was excreted as CO,, nor could radio- 
activ~ty be detected in tissue proteins. 

Furthermore, AIB was excreted in the 
urine entirely in its unchanged form. 
Only one radioactive spot was detected 
on paper chromatograms [Rf= 0.64 in 
n-propanol-0.1 N aqueous ammonia ( 1/ 
1 I and 0.83 in n-butanol-water-acetic 
,I( id (5/5/1),  the amino acid fed giving 
[he same K f  values]. Under these condi- 
tions even 1 Dercent of the dose excreted 
in another form might have been de-
tected. Fecal excretion was very low. Ap- 
preciable levels of the amino acid were 
found present in the rat after 3 days, 
showing that a generous period was avail- 
able for study of endocrine effects upon 
its distribution. We have waited either 
'LOhours (estradiol), 30 hours (epineph- 
rine and growth-hormone) or 39 hours 
(all other experiments) after injection of 
AIB before observing its distribution. In  
all cases the animals were fasted about 
15 hours before they were sacrificed. 

For analysis, tissucs were homogenized 
~vi th  5 parts of very dilute acetic acid ( to  
give a pH of about 5 ) ,  and the extracts 
were heated to deproteinize them. Serum 
and urine were counted directly. A thin-
windowed gas-flow counter was used 
throughout, correcting for self-absorption. 

Efect of age or body zoeight on the 
distribution of the amino acid. Figure 1 
shows that progressively higher serum 
levels resulted from the standard dose as 
the rat grew larger. This rising serum 
level was mainly caused by the declining 
activity of the tissues in concentrating the 
amino acid from the extracellular fluid, 
which is illustrated in Figure 2 for the 
skeletal muscle. The ordinate shows the 
"distribution ration-that is. the number 
of times that the amino acid appeared 
to have been concentrated by the cells; 
levels for the cellular and extracellular 
water were calculated by using available 
figures for the fluid compartment rela- 
tionships. 

The  same result was obtained for a 
number of other tissues. The  younger tis- 
sues showed a stronger "arnino acid 
hunger," and the plasma level was 
thereby lowered; the older tissues lived 
in a richer medium and yet captured 
relatively less of the amino acid. This 
metabolically useless arnino acid reflects 
the decreasing "arnino acid hunger" be-
cause it corresponds structurally to the 
rather modest requirements for trans-
port. 

Adulthood is not as distinct an entity 
in the rodent as it is in man; it will be 
interesting to see whether this change in 
avidity of tissues for amino acids occurs 
more abruptly at maturity in the human. 

Effect of epinephrine. Epinephrine has 
long been known to depress the level of 
the plasma arnino acids, although in an 
unknown way. Fiqure 3 demonstrates 

that almost all tissues had increased lev- 
els of AIB 2 hours after 0.1 milligram of 
epinephrine per kilogram of body weight 
had been injected. With 12 animals 
(adrenalectomized females, 180 to 220 
grams) in each group, the changes were 
statistically significant (P< 0.02) in the 
case of heart and kidney. The  amino acid 
had been injected 30 hours earlier. 

Pituitary growth hormone. Intramus-
cular injection of 1 unit of pituitary 
growth hormone in 200-gram female rats 
likewise intensified in 2 hours the con-
centration of AIB for all tissues studied 
except the heart (Fig. 4 ) .  Each group 
included nine animals. T h e  changes for 
the liver, kidneys, duodenum, and the 
combined ovaries plus uterus were highly 
significant by statistical test. 

Influence of hydrocortisone. The  action 
of adrenal steroids was first discovered as 
an indirect effect of vitamin B,-defi-
ciency. This deficiency decreased the in- 
tensity with which various tissues concen- 
trated AIB ( 1 2 ) ,supporting the role of 
pyridoxal in amino acid transport. The  
liver was a prominent exception, how- 
ever, capturing if anything more AIB 
than usual in the deficiency; but when 
the animals first had been adrenalecto- 
mized, the behavior of the liver was no 
longer disparate. 
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Fig. 3. Effect of epinephrine on the ac-
cumulation of AIB by adrenalectomized 
rats. The dose was 0.1 milligram per kilo- 
gram of body weight. Other values are 
averages for 12 animals. 
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Fig. 4. Effect of growth hormone on the 
accumulation of AIB by rats. The dose 
was 1 unit per animal of body weight 
about 200 grams. 
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Figure 5 shows the normal relation- 
ship between serum AIB and liver AIlJ 
levels. T h e  latter remained 8 or 9 times 
the concentration of the former. This is 
the kind of relationshio that was found 
for glycine in the intact guinea pig in 
1948 (13) and that has since been shown 
repeatedly with isolated cells and tis-
we?. 

Table 1 shows the disturbance in thi\ 
relationship with the hepatic AIB cap- 
ture increased by about 60 percent .? 
hours after injection of 2 milligrams of 
hydrocortisone subcutaneously into the 
135-g rat. The  test amino acid ( 1  
mg/kg) had been injected 39 hours 
earlier. This response in 2 hours is more 
rapid than the effect obtained by Engel 
upon urea formation (14) .  T h e  prompt 
and vigorous action cannot be attributed 
to acceleration of arnino acid catabolism: 
there niar no catabolism of the model 
amino acid. 

A qurstion often discussed is whether 
the catabolic phase follolving surgery or 
trauma ought, if possible, to be elirni-
nated or whether it serves a protectivc-
purpose, perhaps by flooding the injured 
site with building stones for repair. Such 
an effect is not to be expected, however, 
if catabolism is induced by intensified 
hepatic capture of amino acids. T h e  tis- 
sue wastage appears to be initiated by a 
pull rather than a push, and therefore 
the catabolic phase probably does not 
flood the injured site with repair mate- 
rials. A relatively slight intensification of 
the concentration of AIB by nonhepatic 
tissues was possibly also produced by 
hydrocortisone; but with a metaboliz-
able amino acid this could scarcelv corn- 
pensate for the intensified destruction of 
the arnino acid. 

Referring again to the second scheme, 
we see that the liver not only destroys 
arnino acids but also svnthesizes them 
into a number of proteins. Interestingl), 
hydrocortisone accelerates the synthesis 
of plasma albumin (1.5) and of a nurn- 
ber of liver proteins. Such an accelera-
tion might be anticipated under the pres- 
ent thesis of the mode of steroid action. 
Hepatic giuconeogenesis from amino 
acids should also be stimulated. Further- 
more, the retarding influence of adminis- 

2 	-
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Fig. 5. Relationship between the serum 
and liver concentration of AIB in normal 
rats. The correlation coefficient is 0.744. 

Table 1. Effect of administering hydrocortisone on .4IB distribution. All values are 
thousands of counts per minute, per milliliter, followed by the standard error. The only 
statistically significant change is the intensification of the liver concentration. .4lthough 
the hepatic levels could be seen by inspection to be clearly elevated, the following con- 
servative method of calculation was used: The control levels for rats of the body weight 
taken (137 grams, standard deviation 13.5 grams) were obtained from regression lines 
versus body weight based upon 29 normal animals. The serum levels of the eight experi- 
mental animals averaged 1440 counts per minute, per milliliter; therefore one can predict 
the tissue values in the second column, based upon regression lines like those of Fig. 5 .  

~--- --.---A 	 - .  

Normal distribu- 
tion for a Found 2 hrNormal distribu- 137-g rat, after adminis- 


Tissue tion for a adjusted to 

13 7-g rat a serum level tration of 


of 1440 hydrocortisone 

count/min ml 
A 	 -pp 


Serum 1.21 r 0.04 1.44 	 1 4 4 2 0  10 
Muscle 4.73 t 0.31 5 78 2 0.63 5.72 + 0 29 
Liver 10.17 t 0.57 11.06 t 1 71 1 7 5 0 t O 9 3  
Kidney 45 4 L 2.2 5 5 7  2 4 7  64 2 + 4.8 
Heart 8.62 t 0 66 9.87 t 0.99 1 0 6  L O 3 9  
Duodenurrl 189  + 0 7  20 72 L 1 45 1 8 5 4 t 0 2 1  
- -- - A- - - - - - -- - - --- -

tcrcd sugar on amlno acid catabolism \\ays r e ~ l ~ a l n e d  thc po,\ibillty thnt the 
(16 )  is readily understood. Influences were a t  other points than thc 

Estradiol. Four 2 1-da) -old female rats transfer step; but for AIB, possibilitier 
were injected intraperitoneally with the other than the transfer reaction appear 
tracer dose of AIB and subcutaneously to be eliminated. 
lvith 0.1 microgram of estradiol in 0.1 Probably we should be oversimplifying 
milliliter of sesame oil. Four control ani- matters were we to imply that all cellu- 
mals received, instead, AIB and pure lar reactions which use arnino acids are 
sesame oil. After 20 hours the animals necessarily accelerated when a cell con- 
were sacrificed, and samples of plasma, centrates amino aclds more strongly. 
uterus, and liver were analyzed (Table Quantitative aspects, such as the extent 
2 ) .  At the time of sacrifice the uterus and duration of action, must be consid- 
had entered a phase of rapid growth ered. Furthermore, increased capture a t  
under the influence of the estrogen (17 ) .  a given site may be deprived of net effect 
For the liver, no intensification of AIB if the arnino acids are drawn away by 
concentration was observed, but now the simultaneously increased hepatic capture 
uterus concentrated the amino acid by and destruction. 
280 percent of the original value. Finally there is the important questior~ 

whether the arnino acid-using reactions 
may already be saturated with respect to 

Discussion 	 the various amino acids, so that no stimu- 
lation would result from elevated levels. 

Several endocrine agents of lvidely dif- Clearly, this is not the case for catabolic 
ferent character are thus seen to influ- breakdown in the liver; we all know hon 
ence the ability of cells to capture amino readily this rate adjusts itself to the level 
acids fro111 the surrounding medium, in of protein intake; therefore one may con- 
directions consistent with their growth- fidently expect accelerated amino acid 
promoting and catabolic actions. T h e  breakdown to follolv intensified amino 
changes observed lvith AIB are eonsist- acid concentration by the liver. 
ent with many of the observations already 
made of hormone action on the distribu- 
tion of the ordinary arnino acids, indi- Table 2. Change in the accumulation of 
cating that this arnino acid responds like AIB by immature uterus upon administra- 
other arnino acids to humoral influence. tion of estrogen. Each value represents 
T h e  following effects, for example, have results obtained from one animal. The 
been shown: ( i )  decreased plasma amino concentration by the livers of the same 

acids accompanied by increased total animals was not detectably altered. 

free amino acids in the dog receiving Distributron ratio, uterus/serum 
growth hormone (18); ( i i )  decreased 	 -- - - --

plasma amino acids after stress in man, Control Experimental 
increased liver amino acids after surgery -	 -- --

in rats ( 7 ) ,and decreased plasma amino 5.55 16.6 

acids in rats receiving hydrocortisone 4.23 13.6 
5.01 14.7

(19); and (iii) decreased plasma amino 4.83 9.62 
acids after epinephrine injection. 	 Mean 4.90 Mean 13.6 


For all of these changes there has al- -- - -- -
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For reactions of protein synthesis, the 
question has not been answered as conl- 
pletely. Broad ranges have been observed 
over which the rates of incoraoration of 
an amino acid or of the net synthesis of 
protein in vitro do vary with the amino 
acid level; but such ranges are not yet 
adequately defined for the various tissues 
in situ. I n  addition, mutual supplemen- 
tation experiments among the amino 
dcids have shown how readily one amino 
arid may fall to levels suboptimal for 
growth. 

Furthermore, the finding should be 
considered that amino acid levels are 
rather uniformly high where protein syn- 
thesis or growth is accelerated. Before 
we can imply a causal relationship in this 
association, we must consider one alter- 
native explanation. Protein synthesis un- 
doubtedly proceeds through activated 
amino acid intermediates; by spontane- 
tius dissociation, these intermediates (or  
the proteins themselves) might release 
amino acids at high levels. At high syn- 
t h e ~ i c  rates such intermediates might be 
more abundant, and the free amino acids 
could therefore reach higher levels. 
(Such a hypothesis must also assume 
that the arecursor amino acids are taken 
from one compartment-for example, 
the cell exterior-and that the inter-
mediates are dissociated into another- 
for example, the cell interior). For ex-
amale. when the immature uterus entered 

A	 , 


an estroqen-stimulated growth phase, 
perhaps the high amino acid levels were 
a secondary expression of the high rate 
of protein synthesis. 

Such an explanation becomes highly 
improbable, however, for the present ob- 
servations. a-Aminoisobutyric acid is not 
incorporated into protein, and it is un-
likely that it proceeds even to intermedi- 
ate stages of that synthesis. For example, 
no stimulation by it of the exchange of 
radioactive phosphorus between pyro-
phosphate and adenosine triphosphate 
has been detected (20) .Accordingly, the 
reaction which was stimulated uaon ad- 
ministration of estrogen was most likely 
the transfer reaction itself. 

Note that estradiol intensifies AIB 
concentration by the uterus and not by 
the liver. whereas hvdrocortisone intensi- 
fies mainly the hepatic capture. If we as- 
sume that the same amino acid carrier 
operates in these two tissues, there must 
be local factors which make the trans-
port more susceptil)le to an  endocrine 
agent in one tissue than in the other. For 
example, a particular hormone molecule 
might gain access to the transport appa- 
ratus more readily in one than in the 
other. 

Apparently we have i11 nitrogen metab- 
olism additional instances of endocrinc 
control operating on transfer reactions. 
Certain other steroids are already recog- 
nized to influence the transfer of Na+ 
and K+ between cells and surrounding 
fluids, and insulin has been shown to in- 
crease the access of sugars to the cell in- 
terior (21) .  T h e  fate of the amino acids 
appears to be collectively modified by 
changing the extent to which various 
cells conccntrate amino acids from the 
rxtracellular cnvironment. 

Ward Vinton Evans, 

Physical Chemist 

O n  2 iZugust 1957, \Yard Vinton 
Evans died in Rawlinsbille, Pennsylvania, 
where he had been born 77 years before. 

His professional activities had made 
hitn well known within his own scientific 
group, but his part on the world stage 
did not come until 1954 when, well into 
his 70's, he served on the special three- 
man security board which reviewed 
charges against J. R. Oppenheimer. Be- 
fore this, he had served on a number of 
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review boards dealing with security 
clearances in the Chicago area. I-lis dis- 
sent from the majority finding against 
Oppcnheimer attracted world-wide at-
tention. As the Washington Post said in 
an  editorial on his death, "his pungent 
dissent from the majority finding against 
Dr.  Oppenheimer, written in earthy lan- 
guage, stands as a model of clarity and 
common sense. T h e  failure to clear Dr .  
Oppenheimer, he noted, will be a 'black 
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mark o ~ i  the, csc utc hron of thc couritrp .' 
(:onservative in his politics and personal 
vicws, Dr.  Ebans had a refreshing tolcr- 
ance for disagreement and idiosyncras) 
once basic loyalty was established. I-I? 
knew that a narrow conformity i r ~  
thought and action produces stereotyped 
minds. H e  followed his own philosophy 
of tolerance, and those who were exposed 
to it will not soon forget him." 

"Doc" (he  was so universally known 
as "Doc" that, even here, it scems inap- 
propriate to refer to him in any othel 
way) entered his chosen professton 
,ornewhat late. He  received his bache- 
101's degree from Franklin and Marshall 
in 1907 'and an honorary D.Sc. in 1932) .  
Following graduation he taught high 
school for 6 years in Pennsylvania and 
S e w  York before commencing graduate 
work at Columbia University. H e  was 36 
when he was awarded the Ph.D., in 
1916. He  remained a t  Columbia for a 
year as I-larriman fellow and then jointd 
the faculty of the department of chem- 
istry at Northwestern University, where 


