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CALIFORNIA INSTITUTE OF TECHNOLOGY - RESEARCH IN GENERAL PHYSIOLOGY 
AND EXPERIMENTAL BIOLOGY 

$50, 000 - RF 33106 July 1, 1934 - June 30, 1937 
$40, 000 - RF 35047 July 1, 1935 - June 30, 1937 

(Also see "Additional Notes on Grants" ) 

Appraisal: WW inspected the work of Jlorgan ' s group on his visit to Pasadena 
Jan. 2t:i, l 938 

10/23- 25/33 , pr evious to his r ecommendation of RF aid. Since 

RF aid has been extended to this gr oup , FBH has visited it once and WW twice . 

The officer s have also been in close touch with the wo rk through f r equent 

progress reports , occasional visits by Korgan and Millikan to the RF office , 

and through correspondence . Morgan reported in his letter 11/6/37 to WW that 

no·t only had this contribution enabled them to start a gr oup in animal physi -

ology, but it allowed them to assist in other work along physiological l ines , 

by providing technical assistants for Went , Borsook, Wier sma, and Enerson. 

The scientific activity has been nearly doubled by the pr esence of this gr oup 

of assistants . In their new quarters , which they will occupy in February, 

1938, they expect to be in a very much better position to carry on more ef-

ficiently what is now under way. Due to a special gift from Mrs. Ker ckhoff, 

they were able to secure Dr. Haae;en-Smit, formerly of Harvard Univer sity and 

highly recommended by Professor Kggl, from whose laboratory at Utrecht he 

came to this country. He has been working on the chemical side of the plant 

hormones . They have also had a gift from Dr. Eversole of a gr eenhouse that 

will be automatically light, heat , and moisture controlled . This will enable 

Dr . Went and his group to carry on more efficiently the work on plant hor-

mones . Thus the objectives of the RF appropriations seem to be well on their 

way toward satisfactory accomplishment. 
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CALIFOffiUA INSTITUTE OF TECHNOLOGY - RESEARCH IN GENERAL PHYSIOLOGY 
.A!tD EXPERIMENTAL BIOLOGY (Cont'd) 

Objectives : General - To make possible , while the leadership of Professor 
T. H. Morgan is still available , the development of the bio­

logical program at CIT which the Institute anticipated when he was called 
from Columbia University. 

Under the leadership of ~'illikan, Hale, Noyes , 1or gan, and 
other s CIT has developed into one of the outstanding institutions in the 
countr y for gr aduate and postgraduate training and research in the natur al 
sciences. Professor Morgan was called to CIT in 1926 under an agreement 
whereby he was to have a budget of tlOO, OOO a year , portions of this budget 
unexpended during the early years of development to be held for futur e use 
of the department . The maximum annually expended was $80, 000 ; and in 1933-
1934 only $61 , 000 was expended, the balance being released for the general 
use of CIT because of pressing needs due to economic conditions . 

Specific - In his memorandum to WW 11/9/33, Uorgan stated 
there were aspects of the work in neural physiolo.f2l that they were anxious 
to undertake . The theory of the humoral ~echanism of nerve activity sug­
gested the possibility of detecting the way in which the nerve current is 
transmitted over the synapses in the central nervous system, and how it 
calls into activity, by chemical action, the end- organs , muscles , and glands . 
More remotely, there is even the possibility that the brain itself may to 
some extent function in the same way . For plant physiology they had already 
built a small , well-equipped building for the study of growth hormones . It 
was thought that the study of photosynthesis here in process might lead to 
the investigation of other cataly~ic processes . It was also deemed important 
to assist the development of biochemistry in the Institute . The primary ob­
ject of the investigations of this group has been the study of syntheti c 
processes in living matter . In biophysics Dr . Morgan wished to further the 
work on photosynthesis as measured and analyzed by physical means . 

Fulfillment : RF 33106 appropriated $30, 000 to be used during 1934 for re­
Jo.n. 28, H-Z8 search assistants, apparatus, supplies , and one major staff 
appointment (a physioloeist), and ~20,000 to be reserved by CIT to provide 
the salary of the physiologist during the years 1935 and 1936. The one-year 
restriction then operative made it irepossible for the RF to grant CIT 's 
three-year request . Ther efore, a further appropriation of $40, 000 was made 
(RF 35047) . The net result of the two grants was the provision of $30 , 000 
annually for 3 years , as or iginally requested. It was the under standi ng of 
the RF that approximately one- third was to be devoted each year to the major 
appointment in physiology, one-third to equipment and assistance for physiol­
ogy, and one- third for research assistants in biochemistry and biophysics . 
In a letter 12/28/33 from Professor Morgan to WVI he requested that the RF 
grant begin on July 1, 1934, instead of January 1, and run until June 30, 
1937. This action was taken. 
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Physiology - C. A. G. Wier sma (Asst . Professor in Biology) was 
brought from Jordan ' s laboratory in Utrecht in Septepber, 1934 to fill the 
position of physiologist at a salary of 5, 000 a year and with a pr omise of 
$5, 000 a year for assistance . He brou~ht with him Dr . Anthonie van Harreveld 
(Instructor in Biology) at a salar~ of $3 , 000 a year . Wiersma has been work­
ing mainly on nerve-muscle preparation of Crustacea , with the hope of ob­
taining a better understanding of the properties of the nervous system. 
George Marmont and William Ber gr en were research assistants under the RF 
appropriations. Further details of the work will be found on sheet "A". 

Biochemist~ - Henry Borsook (Asst. Professor in Biochemistry) 
is the strongest of the young group outside genetics . He is rated very high 
fram all points of view b~ Corgan and others at CIT , including Millikan. 
c. L. A. Schmidt (U. of California) told ~W during his visit 10/16- 17/33 
that Borsook's laboratory was one of the most important labor~tories in this 
country. Both Professor Terroine (Strasbourg) and s . s . Zilva (Lister 
Institute) have spoken with particular interest and appreciation of Borsook . 
The investigations of his group concerning the synthetic processes in living 
matter have been along three closely connected lines: 1) the measurement 
of the free energies of the chemical actions involved, by means of the third 
law of thermodynamics and accurate heats of combustion; 2) the elucidation 
of the mechanism of coupled enzyme reactions (in which one component is a 
synthesis); 3) chemical studies of intact, living tissue (tissue slices) and 
of the whole organism, using infornation gathered fron (1) and (2) . Research 
assistants employed under the RF appropriations were : !r. S. W. Fox, 
Ur . Dubnoff, Ur. Emory L. Ellis, and Mr . Cecil E. P. Jeffreys . Details of 
their work are given on sheet "A" . 

Plant Physiology - F. w. Went (Asst . Professor of Biology) , 
from Utrecht University, and his group have as their main research probl em 
the formation, action, and chemical identity of the internal growth and de­
velopmental factors in plants . In the past the work has mainly been re­
stricted to one substance or ~roup of substances , the auxins or growth 
hormones . Support from the RF has been instrumental in enlarging this field 
of activity. Dr . Jan van Overbeek and Dr . Jarr.es Bonner were the research 
assistants employed under the RF appropr iations , and Ur. C. L. Schneider was 
the technical assistant. Details of their research will be found on sheet 
"A" . 

Biophysics - Robert Emer son (Asst . Professor of Biology) con­
centrated his interest in physical measurements of photosynthesis . His re­
search assistants under the RF appropriations were Mr. Lowell Gr een and 
l.~r. Jlar ston Sar gent. Dr. Emer son, according to a letter from Pr ofessor 
t .organ to WW dated November 6 , 1937, is now in the Carnegie Institution at 
Stanford Uni varsity, where he will remain for three years and then return to 
CIT . Det~ils of the work of this group are given on sheet "A". 

Financial statements show that the entire amount of the appr o­
priations has been expended in accordance with the original understanding of 
the grants , and that small additional amounts were contributed by CIT. 
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In addition to the appropriations listed, four research aid 
grants, totaling 2, 980, have been made for work at CIT in the 
field of genetics . Also, on December 10, 1930, the RF appro­
priated $500, 000 for the development of natural sciences at 

CIT, on condition that the Institute should secure for the same purpose , in 
oash and/or legally valid pledges from other contribution sources, not in­
cluding legacies, the sum of $3,500, 000. On December 18, 1930 the GEB 
authorized its officers to enter into an a~roement in a similar amount for 
the same purpose . In 1934, 1937 , and 1938 the tiree for completion of pledges 
was extended and now continues to August 1 , 1938, with one year additional 
for collections. Under funds collected to match these appropriations a new 
building is being erected to provide enlarged quarters for those aspects of 
Morgan's work which connect most closely with research in the basic sciences. 

On December 1, 1937 the Executive Committee of the RF was author­
ized to appropriate to CIT sums not to exceed a total amount of $300, 000 
during the six- year period beginning July 1, 1938, toward support of develop­
ments of chemistry in its relationship to biological problems , the amount to 
be available in any one year of the period not to exceed $70,000, it being 
understood that an adjustment of the amount payable shall be made as income 
is received by CIT from the endowment provided under RF 30080 and GEB pledge 
No . 426 . Under this new appropriation approximately $10, 000 a year will go 
to Uorgan 1 s group for technical assistance in biochemistry, biophysics, and 
plant and animal physiology. 
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Sheet "A" 

Details of Research under RF Appropriations 

' . 

Physiology - Wiersma found that the muscles of the legs of 
crustaceans have a very typical innervation, each muscle fiber being usually 
innervated by three different axons . In the crayfish single axons were 
isolated in the central nervous system, which produce distinct effects in 
the periphery when stimulated. Studies were also made on galvanotaxis in 
fish, and on the intoxication vnth the alkaloid bulbocapnine , using cats as 
the exper imental animals . The study of this intoxication is important for 
knowledge of the normal posture . George Marmont helped with the course in 
physiology and with the demonstrations . He has developed great skill in 
making single nerve fiber prepar ations of crustaceans . The work of William 
Bergren was confined to the chemical analyses of the lactic acid and phos­
phagen content of crustacean muscles under different conditions . 

Biochemistry - Mr. s . w. Fox has worked mainly in the prepar a ­
tion of a number of compounds of interest to biocheoists and physiologists , 
in a state sufficiently pure for the determination of their entropy, heat 
of combustion, and ·free energy. Borsook states that the skill which Fox 
brings to this work is that of the "instincti ven organic chemist, and that 
men of his ability are at present rare in the United States . Mr. Dubnoff 

. has taken part in a continuation of the studies of intermediary nitrogen 
metabolism of isolated animal tissues . The object of the experiments was 
to obtain some information on the factors influencing the autolysis of pro­
teins and amino acids in isolated animal tissues . Mr. Emory L. Ellis was 
engaged in obtainin~ thermodynamic data of compounds of physiological 
importance (free energies and heats of combustion) . This is the only place 
in the world at present where these data, fundamental for the whole field 
of physiolo5ical energetics, are being obtained. Mr . Cecil E. P. Jeffreys 
has taken part in the study of nitrogen metabolism of mammalian tissues , 
specifically the formation of protein, uric acid , and creatine . He has been 
engaged in working out a quick, micro method for the determination of total 
purines . 

Plant Physiology - Dr. Jan van Overbeek (from Holland) set out 
to approach the action of the growth genes from the physiological side and 
was able to show that in a number of hereditary dwarf races of corn, each 
caused by a different recessive gene , the dvrarfishness was due to an excessive 
destruction of auxin by oxidative processes . Dr. J~s Bonner laid the foun­
dation of successful tissue cultures of plants . With certain extracts he was 
able to make the parenchyma cells of bean pods grow in an otherwise synthetic 
medium, and he could sub-culture these growing cells four to five times . The 
importance of this work lies in the fact that so far no one has been able to 
cultivate plant parenchyma cells in vitro . In "Science" 2/12/37 there is an 
article by Bonner on "Vitamin a1 a Growth Factor for Higher Plants ." FBH sug­
gested Bonner to Dean Taliaferro (Chicago) 2/15/37 in regard to an o~ening for 
a botanist. Mr. c. L. Schneider has been subjecting the Avena tests to a 
closer analysis , which has already led to some improvements in the testing 
for auxins. 
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Sheet "A" (Cont ' d) 

Biophysics - Mr. Lowell Green. besides making physical measure­
ments of photosynthesis, has collaborated with Emerson in the preparation of 
two short papers , one on the nature of the Blackman reaction in photosynthe­
sis, the other on the influence of hydrogen ion concentration on the maximum 
rate of photosynthesis . One of these papers has appeared in print , and the 
other is now in press . 1.r. Green also worked with l'r . John L. Webb on ex­
periments designed to establish the constancy or range of variation of the 
so- called "chlorophyll unit" in photosynthesis, a subject of controversy in 
the literature . This work has not been carried far enou~h to warrant publica­
tion. Mr . rarston Sargent has been very useful in isolating certain lower 
organisms and in working out the conditions under which they will maintain 
themselves in the laboratory . These-organisms have then been used for further 
work by Emerson. An effort is being made to prepare this work for publica­
tion. 

FEB 
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PUBLICATIONS 

"The Double Motor I nnervati on of the Adductor Muscle in the Claw of the Crayfish" -
by A. van Harreveld and C.A.G. Wiersma 

(Reprinted from the Journal of Physiology, 1936, Vol. 88, No . l,p.78) 

"A Physiological Solution for Freshwater Crustaceans" - by A. van Harreveld 
(Reprinted from the Proceedings of the Society for Experimental Biology and 
Medicine, 1936, 34, 428-432) 

"The Double Motor Innervation of a Crayfish Muscle" - by C •. A.G. Wi ersma. and 
A. van Harreveld 

(Repr inted from the Proceedings of the National Academy of Sciences , Vol . 22 , 
No . 3, pp. l90-191. March 1936) 

"On the Mechanism of Inhibition of Crayfish ~uscle" -by C.h .G. r.iersma and 
George Marmont 
(Reprinted f r om the Proceedings of the National Academy of Sciences,Vol .22, 
No.8, pp. 502- 504 . August,l956) 

"The Triple Innervation of the Crayfish Uuscle" - by .fl . van Harreveld and C.A.G. 
Wiersma 
(Reprinted from the ProceedingE of the National Academy of Sciences, Vol.22, 
No. ll, p.667. Nov . l956) 

"Die doppelte motorische Innervation des Scherenschliessers von Astacus fluviatilis" -
by C.A.G. Wiersma 
(Reprinted from Zeitschrift fUr vergleichende Physioloeie, 24 .Band . 5.Heft, 
abgeschlossen am 18.Mai 1957) 

"Electronarcosis with Alternating Current in Fish" - by A. van Harreveld 
(Extrait des Archives Neerlandaises de Physiologie de l'homme et des 
animaux. Tome XXII - 1957) 

"The Triple Innervation of Crayfish Muscle and Its Function in Contraction and 
Inhibition" - by A. van Harreveld anci C.A .G. !liersma 
(Reprinted from the Journal of Experimental Biology, Vol .XIV, No.4 , pp.448-461, 
Oct.l957) 

"The Influence of the Fre~uency of Stimulation on the Slow and the Fast Contraction 
in Crustacean Muscle" - by C.A.G. Vliersma and A. van Harreveld 
(Reprinted from Physiological Zoology, Vol.XI, No.l,Jan.l958) 

11 A Comparative Study of the Double Motor Innervation in Marine Crustaceans" - by 
C.A.G. ~iersca and A. van Harreveld 
(Re~rinted from the Journal of Experimental Biology, Vol .XV,No.l , pp.lS-51, 
Jan.l958) 

"Nitrogen Metabolism of the Isolated Tissues of the Rat" - by Henry Borsook and 
Cecil E.P . Jeftreys 
(Reprinted from the Journal of Biological Chemistry,Vol.llO,No.2 ,July, l955) 
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"The Correlation between Excess Calories and Excess Urinary Nitrogen in the Specific 
Dynamic Action of Protein in Animals" - by Henry Borsook 

(Reprinted f r om the Proceedings of the National Academy of Sciences" , Vol.21, 
No . 7, pp. 492-498 , July 1955) 

"Micromethods for Determination of Ammonia, Urea, Total Nitrogen, Uric Acid, Creatinine 
(and Creatine) , and Allantoin"- by Henry Borsook 

(Reprinted from the J ournal of Biological Chemistry, Vol.llO, No . 2,July 1955) 

"Effect of Added Purines on Uric Acid Production by Isolated Ti ssues of the Rat" -
by Henry Borsook and Cecil E.P. Jeffreys 

(Reprinted from the Proceedings of the Society for Experimental Biol ogy end 
Medicine, 1955, 55, 1- 2) 

"Rever sible and Reversed Enzymatic Reo.ctions" - by Henry Borsook 
(Reprint ed f r om Ergeb .Enzymforschung - 4/1/55) 

"Thermal Data. I . The Heat Capacities, Entropies and Free Energies of Seven Organic 
Compounds Containing Nitrogen" - by Hugh Ll . Huffman o.nd Henry Borsook 

(Reprinted from the Journal of the American Checical Society, 54, 4297 - 1952) 

"Thermal Data. I I. The Heats of Combustion of {,Cysteine, of 1~Cystine , Beta-Thi olactic 
Acid and Beta, Beta- Di thiodilactic Aci d" - by Hugh M. Huffman and Emory L. Ellis 

(Reprinted from the Journal of the American Chemical Bociety, 57,41 - 1955) 

"Thermal Data . I II . The Heat Capaci ties , Entropies &nd Fr ee Energies of Four Organic 
Compounds Containing Sulfur" - by Hugh M. Huffman and Emory L. ~llis 

(Reprinted from the Journal of the American Chemical Society, 57, 46 - 1955) 

"Thermal Data . IV. The Heats of Combustion of Adenine, Hypoxanthine, Guanine, Xanthine, 
TJric Acid, Allantoin and All oxan" - by Robert D. Stiehler and Hugh M. Huffman 

(Reprinted from the Journal of the American Chemical Society, 57,1754 - 1955) 

"Thermal Data. V. The Heat Capacities, Entropies and Fr ee Energies of Adenine, Hypoxanthine, 
Guanine, Xanthine, Uric Acid, Allantoin and Alloxan" - by Robert D. Stiehler and 
Hugh M. Huffman 

"Thermal Data. VI . The He~ts of Combustion and Free Energies of Seven Organic Compounds 
Containing Nitrogen" - by Hugh M. Huffman, Emory L. ~llis , and Sidney W. Fox 

(Reprinted from the Journal of the American Chemical Society , 58,1728, 1956) 

"Thermal Data . VI I . The Heats of Combustion of Seven Amino Acids" - by Hugh M. Huffman, 
Sidney Tl . Fox, and Emory L. Ellis 

"Thermal Data. VI I I. The Heat Capacities, Entropi es and Free Energies of Some Amino Acids" -
by Hugh M. Huffman and Emory L. Ell is 

(Reprinted from the J ournal of the American Chemical Society, 59, 2144 and 2150 -1957) 

"Sulfhydryl Oxidation- Reduction Potentials Derived from Thermal Data" - by Henry Borsook, 
Emory L. Ellis , and Hugh M. Huffman 

(Reprinted f r om the Journal of Biological Chemist ry, Vol. ll7, No.1, January 1957) 

"The Ur inary Excretion of Ingested Radioactive Sulfur" - by Henry Borsook,Geoffrey Keighley, 
Don Y. . Yost , and Edwin McMillan (U . of Calif' . ) 

(Reprinted from Science, Dec. 5, 1957, Vol.86 , No . 2240, p.525) 
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"Auxin, the P~ant Gro·wth-Hormone" - by F. W. Went 
(Reprinted from Botanical Review, 1: 162-182. May,l955) 

"Coleoptile GroVIth as Affected by Auxin, Aging and Food" - by F. W. Went 
(Reprinted from: Proceedings of the Koninklijke Akademie van Wetenschappen te Amsterdam, 
Vol. XXXVIII, No.7,1955) 

"Different Action of Auxin-A and of Hetero-Auxin (Preliminary Note) 11 - by J. van Overbeek 
(Reprinted from the Proceedings of the National Acade~ of Sciences,Vol.22,No.5, 
pp.l87-190. March 1956) 

"Plant Tissue Cultures from a Hormone Point of View" - by James Bonner 
(Reprinted from the Proceedings of the National Acade~ of Sciences, Vol.22,No.6, 
pp.426-450, June 1936) 

"Allgemeine Betrachtungen U.ber das Auxin-Problem" -by F.W. Went 
(Reprinted from "Biologischen Zentralblatt", 56. Bd. Heft 9/10.1956) 

"'rhe Chemistry and Physiology of the Pectins" - by James Bonner 
(Reprinted from Botanical Review,l0:475-497. Oct. 1956) 

"A Traumatotropic Response due to Interrupted Water Transport" -by J. van Overbeek 
(Extrait du Recueil des Travaux Botaniques N~erlandais, Vol.XXXIV,l957) 

"Effect of the Roots on the Production of Auxin by the Coleoptile" -by J. van Overbeek 
(Reprinted from the Proceedings of the National Academy of Sciences, Vol.25,No.5, 
pp.272-276, May 1957) 

"Mechanism and Quantitative Application of the Pea Test" -by J. van Overbeek and F. W. Went 
(Reprinted from The Botanical Gazette, Vol.XCIX, No.1, Sept. 1957) 

"The Growth of Plant Embryos in Vitro. Preliminary Experiments on the Role of Accessory 
Su'Qstances" - by James Bonner and Grice Axtman 
(Reprinted from the Proceedings of the National Academy of Sciences, Vol.25,No.8, 
pp.453-457 . August 1957) 

"Cultivation in Vitro of Excised Pea Roots" - by James Bonner and Fred Addicott 
(Reprinted from The Botanical Gazette, Vol.99, No.1, Sept. 1957) 

"Vitamin B1 a Growth Factor for Higher Plants" - by James Bonner 
(Reprinted from Science, Feb. 12, 1957, Vol.85,No.2198,pp.l85-184) 

"Cultivation in Vitro of Excised Pea Roots" - by James Bonner and Fred Addicott 
(Reprinted from The Botanical Gazette, Vol.99, No.1, Sept.~957) 

"The Wound Hormones of Plants - 1. Traumatin, the Active Principle of the Bean Test" -
by James English, Jr., and James Bonner 

(Reprinted from the Journal of Biological Chemistry, Vol.l2l,No.2,Nov. 1957) 

"The Role of Vitamins in Plant Development" - by J ames Bonner 
(Reprinted from Botanical Review, 5: 616-640, Dec.l957) 
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"The Effect of Intense Lights on the Assimilator,y Mechanism of Green Plants, and Its 
Bearing on the Carbon Dioxide Factor" - by Robert Emerson 

(Reprinted from Cold Spring Harbor Symposia on Quantitative Biology, Vol.III,l9B5) 

"Photosynthesis" - by Robert Emerson 
(Reprinted from Annual Review of Biochemistr,y, Vol.VI, 1957) 

"Nature of the Blackman Reaction in Photosynthesis" - by Robert Emerson and Lowell Green 
(Reprinted from Plant Physiology, 12: 557-545,1957) 
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