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It is understood and agreed by the applicant: (1) That funds granted as a result of this request are to be expended
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Stanley Cohen, Senior Research Fellow g0 12,582.
Research Assistant (B.S. or M.S. level) 100 3000.
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PERMANENT EQUIPMENT (See instructions reference itemization of equipment) $ $
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CONSUMABLE SUPPLIES (ltemize) $ $
General glassware B800.
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Special Bibliographic Service 100.
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Senior Research Fellowship 12,582. -
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: RESEARCH PLAN AND SUPPORTING DATA
On the continuation pages provided give detalls of the proposed plan and other necessary data In accordance with the
outline below, Number each page, the first continuation page being page 4. Additional continuation pages, if needed, may be
requested from the Division of Research Grants. See detailed instructions before preparing this portion of the application.
1. RESEARCH PLAN
A. Specific Aims=-Provide a concise statement of the aims of the propossd work.

B. Mothod of Procedure—Give details of your rosearch plan. For each specific aim mentioned in "A" show how your
plan is expected to fulfill the aim.

C. Significance of this Research—Explain why the results of the proposed work may be important.
D. Facilities Available—Describe the general Lciliﬁes at your disposal. List the major items of permanent equipment.
2. PREVIOUS WORK DONE ON THIS PROJECT
Describe briefly any work you have done to date that is particularly pertinent.
3. PERSONAL PUBLICATIONS
Cite your most important publications on this or closely related work. List no more than five.
4. RESULTS OBTAINED BY OTHERS

Summarize pertinent rosults to date obtained by others on this problem, citing publications deemed pertinent. Select
no more than five.

5. BIOGRAPHICAL SKETCHES
Provide brief sketches for All professional personnel selectod who are fo be actively engaged in this project.
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‘1. Research Plan - . RG-6638

a) Specific Aims. Three general classes of ‘hypotheses have been proposed in
attempts to give a theoretical basis for the many observetions on the differentia- ’
‘tion of the fertilized egg into the tissues of the adult orgenism. Briefly, these
involve a) the elteration in some way of the integrity of the genotype during dif-
ferentiation, b) the existence of cytoplasmic self -reproducing units and finally *
c) the phehotypic changes are ascribed to the establishment in each of the various 3
types of differentiated cells of one set of possible mutually exclusive metabolic :
steady states. . . .

The major eim of the proposed researches will be obtain, in embryonic cells, experi-
mental evidence with regard to some of these postulated control mechanisms of dif-
_ferentiation. :

Biochemical evidence for the functional alteration in the DNA of differentiating
cells must await a method for the detection of such chenges. . Among microorganisms
the phenomena of transformation and transduction provide such a method. An attempt
will be made to ‘devise a similar system employing the undifferentiated cells of the
early amphibian embryo as receptor cells. o o .

The possibility that induced enzyme formation is one of the mechanisms by which a
particular metabolic steady state is obtained in differentiated cells has been
discussed for-many years. Recently, such a steady stete phenomenon, resembling in :
some ways differentiation in higher organisms, has been described by Melvin Cohn for
the P-galactosidase system in E. coli. The apparent formation of an adaptive
enzyme in frog embryonic cells (tyyptophan peroxidase) has also recently been reported
(Stearns and Kostellow). We propose to examine dissociated amphibien embryonic cells
with respect to their abilities to form induced enzymes and to compare the results

| with the work which has been done using bacterial systems. y

b) Method of Procedure.

1, - Genetic integrity of the genotype during differentiation. The genetic .
integrity of the genotype has been assumed by most modern biologists until the . e
question was reopened by the nuclear transplentation studies of Briggs and King with
amphibian eggs. We also propose to use amphibian eggs in our studies. The major
problem is to devise ‘a method for the detection of such changes in the DNA, if they
do indeed exist. The rational of our experiment is as follows: It is knowthat dif--
ferentisted cells contain a variety of enzymes which are not detectable in the egg.
For example, the adult frog liver contains histidase which is absent in the egg.

DNA will be prepared from the liver of the adult frog (by procedures which have been .
used for the preparation of biologically active transforming factor and TMV nucleic
ecid) and measured amounts will be micro-injected into a fertilized frog egg. After
suitable periods of incubation, the eggs will be examined for the presence of the
specific adult enzymes, Similar kinds of experiments may be performed using RNA or
microsomes. One major advantege of this system is that the eggs are sufficiently
large to permit the injection of measurasble quantities of materiel, thus avoiding
difficulties arising from permesbility berriess. Frog eggs are avallable thyoughout
most of the year and microinjection procedures have been described in the literature
and found to be workeble in our hands. 3
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2. Induced enzyme synthesis during embryonic RG=6638
development. -Artifically fertilized frog eggs will be allowed to develop to the
desired stage and cell suspensions will be prepared with the aid of trypsin. Pre-
liminary experiments in this laboratory have shown that such preparations display
a marked increase in histidase activity after incubation with histidine. Similar
results with tryptophan peroxidase have been reported by Stearns and Kostellow. To
my knowledge the quantitative response of these embryonic cells with respect to
their inductive capacity is much greater than has been reported in similar attempts
using adult cells. Thus, in essence, we will apply the standard procedures of
enzymology and bacterial enzyme induction to these cells, to elucidate the biochemical
propecties of the system, including such parameters as the specificity and kinetiecs
of induction, the properties of the enzyme induced, the stability of the enzymatic
activity during subsequent cell multiplication, and whether the observed activity
represents a de novo synthesis of protein or the activation of the pre-existing

enzyme.
c) Significance of this Research.

If it can be shown that the DNA of adult tissue can alter the metabolic pattern

in the developing egg, it would provide suggestive evidence for the differentiation
of nucleic acid during development and for the existence of a transformation
phenomenon in higher organisms. Considerable further study would be required to
establish this, and provide evidence for the proportion of the-cells thus affected,
and the stability of the changes induced. Although a negative result would not be
very meaningful, the importance of a positive result would warrant such experimen-
tation.

With respect to induced enzyme formation during embryonic development almost all of
the discussions in the literature have been based on extrapolations from data
obtained with microorganisms. Further progress mst await the accumulation of
information using embryonic systems.

2. Previous work done on this project.

Althouﬁh not directly related to this project I have previously published a
report on cl 02 fixation during early embryonic development of the frog embryo, in
which the distribution of the Cl 02 into the various compounds of unfertilized eggs, .
blastula, gastrula, and neurula were examined.

Preliminary unpublished experiments indicated that cell suspensions of early embryos
could be induced to form histidase in the presence of histidine in the medium.

3. Personal publications.

1. Cohen, S. 1954 The metabolism of Cl"LOg during amphibian development.
J. Biol. Chem., 211: 337-B54.

2. Cohen, S. 1958 A nerve growth-promoting protein. p.665. Symp. on the
Chemical Basis of Development. Johns Hopkins Press.

3. Cohen, S. and R. Levi-Montalcini. 1957 Purification and properties of a
nerve growth-promoting factor isolated from mouse sarcoma 180. Can. Res.,17:15-20.

4. Cohen, S. and R. levi-Montalcini. 1956 A nerve growth-stimlating factor
isolated from snake venom. Proc. Nat. Acad. Sci., 42: 571-5Tk.

5. Cohen, S., R. G. Frazier and Ii. H. Gordon. 1953 Metabolism of creatine
and guanidoacetic acid in premature and full-term infants. Am. J. Diseases of

Children. 86: T752-766.




-4, * Results obtained by others. .. RG=6638

The nuclear transplantation studies of Briggs and King (1) show that endoderm nuclei
of frog embryos show stabilized changes in their capacity to promote differentiation '
when transplanted into enucleated eggs. The component of the nucleus vhich changes

is unknown. _

Puck (2) on the basis of the morphological stability of memmalian cells plated as
single isolates in tissue cultures has concluded that "the process of mammalian
differentiation involves true changes in the genetic constitution of the daughter
cells".

A model system for the stabilization of an altered phenotype has been demonstrated

. by Melvin Cohn (3) using the [3-galactosidase system of E. coll. Pre-induced cells,
when placed in a medium containing a low concentration of inducer will continue to
synthesize enzyme whereas non-induced cells in the same medium will not.

Stearns and Kostellow (4) have shown that when dissociated cells of frog gastrula are
incubated in the presence of tryptophan a marked increase in tryptophan oxidase
activity occurs. Experiments by Gorden and Roder (5) indicate that chick embryonic
cells are also responsive to substrate induction.

1. King, T. J. and Briggs, R., 1956 in Symp. on Quant. Biology, XXI, 2T71.

2. Puck, T- T. 1957 in Rhythmic and Synthetic Processes in Growth, 3,
Princeton Univ. Press. . “

3. Cohn, M., 1958 in The Chemical Basis of Development, 458, Johns Hopkins
Press.

b, Stearns, R. N. and Kostellow, A. B. 1958 in The Chemical Basis of Develop-
ment, 448, Johns Hopkins Press. - -

5.  Gorden, M. W. and Boder, J., 1953 J. Bioi. Chem. 200: 859.

5. Biographical Sketch of Principal Imvestigator.

Stanley Cohen. Born: 1922. Srooklyn New York; A. B. 1943 Brooklyn College; i
M. A. (Zoology) 1945, Ober)ixu Uollege. FPh. D. (Biochemistry, H. B. Iewis) 1948,

University of Michigsn; Instructor in Pediatr. Research, Univ. of Colorado 1948-52;
Research Fellow, amer. Cancer Society, Dept. of Radiochemistry (Dr. M. Kemen),
Washington Univ., Medical School, 1952-53; Research Associate-Associate Professor,
Department of Zoology, Washington University, 1953-59. Senior Research Fellow,
Vanderbilt University, 1959--.

6. Justification of Specific Budgetary Requests.

The Beckman spectrophotometer will be the main anslytical instrument used in these
studies. Although other instruments are in the Department, they are in full use on
other projects. The low-temperature incubator is required for the maintenance of

frog embryos.

The request for $2000 for the second year is for partial cost of a refrigerated
centrifuge. One is now available in the Department but by next year it is expected
that the number of workers using it will increase and necessitate a second instrument.




