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. INTRODUCTION 
/. 

,, :J.he development .of animal tissue culture in vitro began with 

H~rrison' s. demonstration (1907) that a nerve fiber could be kept alive 

, an4 allowed to develop outside the animal body, His technique, .how

ever, did not permit indefinite cultivation of various tissues outside 

the qody, .ma.inly becau.~~ pf inadeq'!la~e media for culturing, Carrel's 

discovery (1913) of growthfactors in .~alin~ ,extracts from embryos, 

and to ,ia,_lesser degree in extracts from adult tissues and tumors, was 

a notable advance, It· enabled c,ultures of chick heart cells or their 

sub~ultl!res, .L e,, fibrobla,sts,. to m~}tiply for an indefinite period 

when embryo.extract was incluci~d inth~. wegJurn;1 Although·this dis-

. covery opened the possibility of,prQbing !nto .the nature of growth it

self, it s.oon became obvious ·that an .accurate characterization of 

growth would entail a chemical description of the :various biological 

fluids :us~d .in the media,, especiallly embryo .extract,. 

The problem of establishing a well-defined growth-promoting 

medium was approached in two ways, On the one hand, Carrel, Baker 

and Ebeling (1925), BakerJ1936), Fischer (1941), and recently White 

(1949) and Morgan, Mo;r:ton and Parke.r (1950) attempted to prepare a 

synthetic: growth-promoting mediurn from pure chemicals such as amino 

lacids,. vitamins, coenzymes, etc,, but succeeded at bestin providing 

survival media, On'the other ·hanc;i, usirg ananalyticaLapproach, Carrel 

. (1924), Baker and Carrel (1926), and Fischer (1930), alll employing sim

ilar methods, tried without much success to isolate the active prin

ciples from embryo extracts with the aid of various precipitants such as 

salts, alcohol, acetone, and carbon dioxide and adsorbents such as 
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charcoal and alumina, .. They found the active principles. to. be very labile.· 

In 1913 C~rrel had ~eported thafthe activity of embryo extract was lost 

by heating at 70° C for tenmi;nutes and by sterile filtration. Indeed, 

Carrel and Ebeling (1923) found that embryo extract decreased markedly 

in potency on standing one week at 0° C, and Carrel (1924) found that the 

active factors were inactivated by radium and x-ray irradiation. In the 

early fractionations, Carrel (1924) noted that growth -promoting activity 

was associated with prote.in,s. in embryo extract, and Fischer (1930) 

found that defatting the embryo extract increased its activity. The prob

lem of maintaining sterility :during~ these fractionations, together with 

the extreme lability of the active substances to heat, salts, acid, alkali, 

and any other protein denaturant, 'made the isolation ta-sk doubly difficult. 

and this research lagged. 

Fischer 1 s 'dialysis experiments (1941) :following Baker and Carrel 1 s 

work (1926) on ultrafilttation-of embryo extract established- the fact that 

embryo extract possesses active faCtors in the form of low-molecular

weight substances ·like· amino acids; as well as large molecules such as 

proteins. Fischer's'erriphasis on the role of the dialyzable factors and 

his discovery of a possil;>le synergis·m in culture·betweenthe two classes 

·stimulated a number of irivestigat.ors to brarich into sepa~ate lines of 

research following the two types of factors. · The factors of low molecular 

weight in embryo-extract have. been a·ctivelyinvestigated by Fischer {1946) 

and his coworkers, by Sanford, Waltz, Shannon, Earle and Evans (1951), 

and by Harris «!952b). · 

The research to be described here deals with the nondialyzable 

constituents of high molecular weight in embryo extract. It should be 

noted that extracts from various adult tissues have been four:id by sev

eral workers (Carrel;. 1913; Hoffman, Tennenbaum and Doljanski, 1939; 

Davidson and Waymouth, 1945) to have growth-stimulating properties in 

vitro, but of a much lesser magnitude and of different character from 

those of embryo extract .. Since these have not been· conclusively demon

strated to be identicaL to the embryonic fa:ctors they will:not be further 

discussed here. Growth factors from various species of embryos seem 

...... / 
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to have similar growth-promoting effects on tissue cultures (Carrel and 

Ebeling; 1923), although Davidson and Waymouth (1945) have inconclusive 

evidence that heterologous embryo extracts possess a lower growth-pro

moting activity than homologous embryo extracts. For purposes of dis

cussion both types will be assumed to be similar in action. 

Resuming earlier fractionation attempts, Fischer; associated 

with Astrup (1943), succeeded in isolating from saline extracts of beef 

embryos an active nucleoprotein fraction which they called "embryonin". 

Fischer and Astrup used Hammersten 1 s technique (1920), which con

sists essentially of drying and defatting a tissue extract and precipitat

ing the nucleoprotein in dilute hydrochloric acid. After reprecipitation 

this fraction was fiJLtered through Berkefeld filters before being placed 

in culture, where it demonstrat'ed more growth-promoting activity than 

any other fraction previously obtained. · Heavy losses accompanied the 

procedure however, and when the fraction was analyzed in the electro

phoresis apparatUS J the experimenterS Obtained II SeVeral COmponentS 

of which four were predominant" (p. 47, Fischer, 1943) .. Activity of 

this fraction was decreased by heat, alkali, acid, and tryptic digestion 

but was little affected by standing at 0° C or by filtration. Davidson 

and Waymouth (1945) using a similar method isolated an active nucleo

protein fraction from sheep embryos, but did not analyze for contami

nants by electrophoresis. Waymouth (1947) obtained an active prepara

tion from chick embryos containing nucleoprotein by using a modified 

plasma protein method (Davidson and Waymouth, 1946). This procedure 

involves a simultaneous defatting and general protein precipitation of 

a saline tis sue extract, using alcohol-ether at -15 ° C followed by drying 

in vacuo. The product obtained had "relatively few" electrophoretic 

components (p. 26, Waymouth, 1947). Unfortunately none of these 

electrophoretic components was tested for activity in tis sue culture. 

Recently, Nishioka and Ibuka (1952) isolated from chick embryo ex

tract a high-polymer pentose nucleic acid which Katsuta and Takaoka 

(1952) found to be active in culture and which they state is Fischer's 

"embryonin". Their method foHows that of Kerr and Seraidarian 
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(1949), and COil.Sists of treating an acidprecipitat~ from embryo extract 

with a cold concentrated· salt solution, followed by deproteinization of 

the concentrated saline. extract with chloroform according to <1 .nJ.odifica

tion ofSevag's procedure (1938)" 

Concurrent. with,the resumption of chemical experiments,. physi

cal fractionations us~ng the ,ultracentrifuge were carried. out by various 

workers" Tennant,., Liebow and Stern (1941} as .wen .as Fischer and As~ 

trup (1943) ·subjeCted .chick embryo extracts to ultracentrifugation, and 

found .that both p,el1et ar1d .supernatant stimulated growth of chick fibro~ 

blasts .• Bars:ki, W~~lgosz and Le:pine (1951) centrifugedsalin~ extracts 

of chick embryos at r13, 000 [fOr four ,pours and assayed the final super

natant in cullture" . 'rhe.supernatant was less active than the original ex

tract, although a considerable fraction of the activity VifaS not sedimented 

under the conditio:r:s used, The. pellet was not tested directly, Hoffman, 

DingwaH and Andrus (1952} obtaJ!!ed a pellet and supernatant from saline 

extracts of chick .embryos by ultracentrifugation at 30, 000 rpmfor 1~· 3 

hours in.ai} air:-driven .centrifqge. Assays with chick fibroblasts indi

cated some activity in the sedimentable .fraction although the major 

.growth--promoting effect remain~d with the supernatant phase. RecentlLy 

Wolken (1952) fractionated .chick, embryo exb'act by centrifuging at 33, 450 

rpm in a Spinco ultrac~ntrifuge for periods up to 12 hours, Although 

this study was concerned in the main with chemical and physical char-

. acterization of the fractions, a few assays were I)O.ade with cultures of 

chick heart. No significant differences in surface area at 48 hours 

were apparent between cultures supplemented with high speed pellet 

and with supernatant. . No attempt was made .in,. any of these investiga

tions to identify anl:l test in cu.ltur,e any specific compone~ts of the ultra~ 

centrifugal pellet, but Claude {1938) reported the presence of nucleic 

acid in similar peHets.and Brachet and Jeener {1944) determined that 

20-40 _p.ercent of the nucleic acid was sedimentable from embryo extract 

by ultracentrifugation" 

. After a consideration of the history of the problem, a general 

approach was formulated bearing in mind the fact that a tissue extract 

consists of a heterogeneous population of molecules and their aggre

gates. It seemed logical to adopt a systematic process of isolation 
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from chick embryo extract and testing in culture of various fractions, 

starting with the largest known units or aggregates .and proceeding down 

the size scale, The best characterized and m<?st widely accepted larger 

units consist of the cell particulates, namely the ceU nuclei, mito

chondria, and microsomes , .. and the,se seemed to offer the most pro

m~sing point of departure for the initial investigation. 

Separation of G:eH components by differential centrifugation was 

intr.oduced by Bensley and Hoerr (1934) and by c:aaude (1938} using sa

line extracts. Subsequently, Hogebom;n, Schneider and P(l.llade (1948) 

, found that sucrose solutions gave bett~r preser:ation of isolated intra

cellular components, and they.developed metho.ds for the separation of 

nuclei, mitochondria, microsomes (submicroscopic particles) and 

soluble material (final supernatant). The expanding volume of work 

on cell fractions has been. reviewed recently by Schneider and Hoge-

boom (1951). For the present workit was p_lanned to isolate cell frac

tions from chick embryo homogenates in hypertonic sucrose. solutions 

using modifications of the methods originally developed by Hogeb'oom, 

Schneider and Pallade (l948) for liver cells. 

Considering the soluble non-:particulate fraction of chick embryo 

extract where,. as w111 he shown, most "of the activity resides, it be

came evident_ that new isolation procedures were desirable because of 

the heavy losses and complex products sustained in the previous methods. 
. . 

Trials were made with various methods and a successful one was found. 

A new and relatively mild isolation technique for liver nucleoproteins 

was developed by von Euler and Heller (1948) f~ilowing the discovery 
" . -

by Cohen (194 7) that the antibiotic streptomycin could be used as a 

specific precipitant for nucleoproteins and nucleic acids present in sa

line extracts of tissues. This method which was originally de signed 

for small quantities of adult tissue ~xtracts, was accompanied by large 

losses and did not maintain mild conditions throughout the procedure. 

Modifications were anticipated to adapt,the method for embryonic 

protein isolations in large quantity. 

When this phase G>f the work was almost completed, it became 

inportant to isolate a~d test chick embryo nucleic acids. Since the strep

tomycin method would separate nucleic acids as well as nucleoproteins, 



it was desirab~e to obtain chick embryo nucleic acids to check the activity 

of the nucleic acid component in the nucleoprotein fraction. Moreover, 

Katsuta and Takaoka (1952) asserted. that a nucleic acid was the active 

growth factor. For purposes of isolation of nuc~eic acids from the 

nucleoprotein fraction the method of Grinnan and Mosher (1951) was 

adopted in modified form, omitting the preliminary guanidine precipi

tation. The procedure consists of exposing the nucleoprotein fraction 

te a brief heat treatment foHowed by a ch~oroform deproteinization 

(Sevag, 1938). A method for isolation of high polymer nucleic acids 

directly from c;:hick embryos was published during the course of this 

investigation by Nishioka and Ibuka (1952) and was adopted as a second 

method. 

Finally it was planned to subject the active products obtained to 

electrophoretic analysis and separation of components, to biological 

characterization in tissue culture, and to chemical analysis for ribo

nucleic acid (RNA) and desoxyribonucleic acid {DNA). 

ISOLATION PROCEDURES 

Isolation of CeH Fractions 

Nuclei 

Fresh 12 to 13 day chick embryos were removed aseptically from 

their membranes, eyes and legs excised, and blotted ori"efl"y on sterile filter 

paper. Each embryo was then placed in a glass homogenizer tube, 12. 0 

ml sterile 0. 88 M sucrose solution (pH 7) was added, and the mixture 

was ground with a motor-driven pestle. The homogenates were pooled 

and strained through a double thickness of gauze foll..lowed by a single 

thickness of NuFab (Essential Products, Inc., Chicago) in order tore

move larger debris. The strained homogenate was centrifuged at 600 

[for 10 minutes using an International Model SB Type 1 centrifuge. 

To retard breakdown of cell particulates the medium was prechilled 

and maintained at 8° C or ~ess in this and subsequent operations. The 

initial pellet obtained contained cellular debris, red blood cells and 

nuclei. The latter could be demonstrated microscopically in smears 
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of this material by staining with pyronin-methyl green. The initial sedi~ 

ment was three times resuspended in the original volume of sucrose so

lution and centrifuged as before, and the n)J-clear fractien together with 

some erythrocytes became recognizable as a definite layer at the base 

of the centrifuge tubes. This.layer was then removed for assay and 
/ 

just before being added to the culture medium was washed to remove 

the sucrose by suspending and centrifuging briefly in Geyns solution. 

Mitoc'hondr ia 

The original nuclear supernatant :was centrifuged twice at 600 [ 

to remove residual nuclei and debris. Following preliminary cJLarifi

cation as described above the supernatant was centrifuged at 24, 000 a 
for 20 minutes. In this and in the following isolations of ceH fractions 

a Spinco Model 11 L" refrigerated preparative ultracentrifuge with angle 

head was used. The plastic centrifuge tubes required for high speed 

separations were sterilized by autocJLaving with internal glass supports 

to prevent coHapse. In operation each tube was sealed with a sterile 

metal cap. The yelll.ow, opaque pellet obtained represented the mito

chondrial fraction as judged by the characteristic color and appearance 

as described by.-Claude {l938) and by observations of smears stained 

with Janus green. The pellet was then resuspended in a volume of 

fresh sucrose solution equivalent to the original supernatant and cen

trifuged as before. The final peJllet was removed for assay and just 

before adding to the culture medium was resuspended and centrifuged 

in Gey' s solution to remove sucrose. 

Microsomes 

A fraction made up of submicroscopic particles (microsomes) 

was obtained by further processing of the supernatant from the mito

chondrial separation. This supernatant was centrifuged for one hour 

at 105, 400 [• resulting in the formation of a reddish, transparent 

pellet as described by Claude (1938). This pellet was resuspended 

in the same volume of sucrose solution and again sedimented in the 

ultracentrifuge. Sucrose was likewise. removed from this fraction 

just prior to testing by suspension in Gey' s solution followed by ultra

centrifugation. 
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Final Supernatant 

After separation of the various particulates the remaining fluid 

fraction (final supernatant) was preserved for assay of soluble factors 

not sedimented by the above procedures. This fraction was dialyzed 

against sterile Gey's solution to remove sucrose and other dialyzable 

materials. Dialysis was carried out on a Boerner shaker in the 8° C 

cold room using 3/4-inch dialysis tubing (Visking Corp., N.Y .. ) im

mersed in a two-liter Erlenmeyer flask filled with Gey's solution. 

The dialysis units were sterilized before use by autoclaving. Two 

changes of dialyzing fluid were made over a period of 24 hours. The 

dialyzed supernatant was removed by pipette and stored in rubber

stoppered tubes prior to use. 

Solubilization Procedures with Mitochondria 

The following procedures were used to obtain additional mito

chondrial fractions for assay in culture. 

Treatment with Distilled Water 

Eight embryo aliquots of mitochondria were washed briefly in 

double distilled water and then resuspended in 12. 0 ml distilled water 

for 24 hours at 0° C. The suspension was then centrifuged one hour 

at 105,400 _[and the pellet discarded. The .supernatant extract was 

made isotonic by appropriate addition of concentrated Gey's solution 

for assay in culture. As a variant of this procedure suspensions of 

mitochondria in distilled water were frozen and thawed one or more 

times before the final centrifugation. 

Treatment with Gey's Solution 

A second procedure involved resuspension of washed mito

chondria (eight embryo equivalents) in 12.0 ml Gey's solution for 24 

hours at 0° C. The suspension was then centrifuged one hour at 

105; 400 .[and the pellet discarded. The supernatant extract was 

used subsequently for assay. 

Extraction with 70 Percent Ethanol 

Mitochondrial pellets containing eight embryo equivalents were 

washed in Geyns solution, resuspended in 25.0 ml of 70 percent ethanol 

··-' 
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and placed in the refrigerator at 0° C for 24 hours. This suspension was 

centrifuged for one hour at 105,400 ~and the supernatant was evaporated 

in vacuo over CaC1 2 . The residue was reconstituted for assay purposes 

with Gey1 s solution 

Preparation of Nucleoprotein Fraction 

An outline of the fractionation procedure is presented in Fig. L 

Fresh 12-day chick embryos were removed from their membranes and 

cooled to 0° C. This temperature was maintained throughout the iso

lation procedure. The embryos were then homogenized in a large Pot

ter homogenizer, stirred one hour with an equal volume of M/8 po

tassium borate, pH 7.1, and centrifuged 15 minutes at 24,000 ~in a 

fluid-cooled Servall centrifuge. Re -extraction of the residue increased 

the final yield by about 30 percent. The supernatant was made M/100 

in streptomycin sulfate (Lilly) using a M/4 stock solution, pH 7. 5, and 

left undisturbed for two or more hours; the resulting crude nucleo

protein precipitate was centrifuged down at 24, 000 ~for 10 minutes. 

To break up the nucleoprotein-streptomycin complex the precipitate 

was gently homogenized with a M/3 potassium phosphate buffer, pH 7. 2, 

4 ml per embryo, yielding a turbid solution. This solution was dia

lyzed with stirring in 3/ 4-inch Visking tubing for 12 hours against bor- · 

ate, pH 7. 1, 120 ml per embryo, to remove streptomycin, phosphate 

and materials of low molecular weight. The streptomycin precipita

tion was repeated in the dialyzed solution with resuspension of the pre

cipitate in phosphate as above. Dialysis with rotation of the sac was 

continued for 12 hours against two changes of M/3 phosphate buffer, 32 

ml per embryo, in order to break up any residual streptomycin-nucleo

protein complex. The dense dialyzed suspension was then ultracentri

fuged one hour at 105, 400 .[in a Spinco refrigerated ultracentrifuge. 

The free lipids rose to the surface and were removed with a capillary 

pipette, leaving a clear, colorless solution containing soluble nucleo

proteins above a pellet of cell particulates and insoluble materials. 

The solution was stir-dialyzed for 24 hours either against one change 

of distilled water, 120 ml per embryo, prior to lyophilization or against 
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Fig" 1 Outline of Fractionation Procedure 
1 
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the same volume of Gey1 s saline prior to culture operations. This so

lution, after ultracentrifugation again for an hour at 10 5, 400 ~· was 

clear, colorless and viscous and exhibited a typical nucleoprotein ab

sorption spectrum in the ultraviolet, with maximum at 260 mfJ. and 

a minimum at 243 mfJ. (Fig. 2). Concentration of the nucleoprotein frac

tion in the clear solution was routinely determined by comparing op

tical densities at 260 mf.l against a concentration curve based on dry 

weight measurements. 

Isolations of Nucleic Acid 

Nucleic Acid from Nucleoprotein Fraction 

A preparation of the nucleoprotein traction was suspended in a 

small volume of 1 M NaCl and shaken with an equal volume of 4:1 chloro

form: n-butanol. The emulsion was centrifuged at 2000 [for 1/2 hour 

and the nucleoprotein pad at the chloroform-saline interface was save~. 

The nucleoprotein pad was suspended in a small volume of saline, brought 

to 100° C for two minutes, cooled and shaken with an equal volume of 

chloroform:n-butanol for one hour on a Boerner shaker. After being 

centrifuged 1/2 hour at 2000 ~the aqueous phase containing nucleic 

acids and proteins was drawn off. The shaking and centrifuging was 

repeated on the aqueous phase. The aqueous phase was made to 20 per

cent ethanol and the precipitated proteins were centrifuged off at 2000 

[for 1/2 hour. The supernatant was adjusted to 67 percent ethanol and 

the crude nucleic acid precipitate formed was centrifuged off and re

dissolved in a small amount of distilled water. Precipitations at 20 

percent and 67 percent ethanol were repeated as before and the 67 per

cent precipitate (nucleic acid) was washed in alcohol and ether and 

dried in vacuo. An intermediate state of polymerization would be' ex

pected to result from this procedure. No protei:p. tests were made on 

the final product. The product was reconstituted with Gey' s solution 

to form a slightly viscous solution before being placed in culture. The 

ultraviolet spectrum (Fig. 2) was very si.milar to that of the high-poly

mer nucleic acid described below. 

High-Polymer Nucleic Acid 

The method of Nishioka and Ibuka (1952) requires that the temp

erature be maintained at 0° C throughout the pr.o.cedure. Fresh 11-day 
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ULTRAVIOLET ABSORPTION SPECTRA 

NUCLEOPROTEIN FRACfiON 

HIGH POLYMER NUCLEIC ACID 

WAVELENGTH IN MW 

Fig. 2 Ultraviolet abso-rption spectra of nucleoprotein 
fraction and high polymer nucleic acid, both in 
Gey 1 s saline (0. 6 mg/cc) at pH 7. 5. 
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chick embryos were homogenized and then extracted with 1-1/2 volumes 

of physiological saline solution. Nucleoproteins were preCipitated from 

the centrifuged extract by lowering the pH to 4o 2, sedimented at 3000 ~ 

for 1/2 hour, and resuspended in 1-1/2 volumes of saline at pH 70 0. The 

solution was made 3 M in !NaCl by adding crystalline NaCl, and allowed 

to stand 48 hours o Some of the proteins were precipitated at pH 4o 2 and 

centrifugally removed and 3 volumes of 95 percent ethanol were added to 

the supernatant. The nucleic acid-protein precipitate was centrifuged 

down at 3000 ~for 1/2 hour and resuspended in physiological saline at pH 

7. 0 o This suspension was shaken with 2-1/2:1 chloroform:: amyl alcohol, 

the emulsion centrifuged, and the aqueo\:5 phase drawn off. This shaking 

process was repeated until the aqueous layer showed a negative biuret 

test (described below) for ·proteins. Three volumes of 95 percental~ 

cohol were added to the final aqueous layer, the re suiting nucleic acid 

precipitate was centrifuged off, washed in alcohol and ether, and dried 

in yacuoo This product was reconstituted either in Gey' s solution prior 

to culturing or in distilled water prior to relative -viscosity determina

tions in an Ostwald viscosimeter. ·The viscosity found was very close 

to that given by Katsuta and Takaoka, namely 2. 4. The ultraviolet 

absorption spectrum shown in Fig. 2 resembles that of a nucleic acid 

with a typical maximum at 258 mtJ.. 

ANALYTICAL METHODS AND RESULTS 

Electrophoretic Technique 

Preliminary electrophoretic analysis were run by Dr. R. Traut

man using the Klett Analytical Electrophoresis Apparatus at the Donner 

Laboratory of Medical Physics. This apparatus was equipped with a 

schlieren optical scanning apparatus and special compensating devices 0 

An 11 cc cell, 3 mm by 25 mm cross section, with two sliding horizontal 

sections, was used in a water bath maintained at 1. 8° C. Sterile tech

nique was maintained throughout the electrophoretic separations 0 An 

exploratory run was followed by two prepaz:atory runs as follows: The 

first run was made in 0. 02 M phosphate buffer; pH 7. 2, at a concentra

tion of Oo 4 gm/100 cc of nucleoprotein fraction, with current at 10 
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milliamperes andf.ie.Ld strength at 10 volts/em. The second run was. 

made with the same buffer, 0. 92 gm/100 cc of nucleoprotein fraction, 

current l3 milliamperes and field strength as before. After running 

6 to 8 hours, the current was turned off, each cell se~tion isolated by 

horizontall displacement relative to adjoining sections, and subfractions 

removed. These were drawn off with a capillary pipette at vertical 

distances along the cell lumen corresponding to the location of the 

·peaks as measured in the optical patterns. Because of the small vol

ume of some components it was advisable to remove these in c~mbina

tion with (l.n adjoining fraction. The component nearest the parent mat~ 

.erial could not be. separated, owing to admixture with the parent frac

tion .. The ultraviolet absorption spectrum of each isolatedsubfraction 

was determined before testing in culture. In general, four components 

were found: two successive small and fast l~ading components were 

followed by a large_ component,. followed by a small component. Ultra

violet spectrain the order mentioned resembled two nucleic acids with 

absorption maxima at the typical nucleic ·acid maximum at 260 mf.J., next a 

nucleoprotein with a maximum at 260 m!J, and a typi~al nucleoprotein curve 

similar to the parent nucleoprotein fraction, and lastly a component 

without an absorption maximum at 260 mf.J.. 

Protein Tests 

Qualitative tests for the presence of protein were made using the 

biuret test (Hawk, Oser, andSumn:ersan.l949) and the more sensitive 

Sakaguchi test (Sakaguchi, 1925}. The biuret test was made by mixing 

one drop of solution to be tested with a drop of 40 percent NaOH-CuSO 4 
reagent, a positive. test for protein being the formation of a violet color. 

The Sakaguchi test was performed by adding one drop of 40 percent 

NaOH to 1/2 ml of test fraction, followed by one ~rop of 0.1 percent 

allpha naphthol in 70 percent alcohol and one drop of 5 percent sodium 

hypochlorite. A resulting red color indicated a positive test for pro

tein. Both tests gave positive results on the nucleoprotein fraction, 

while the high~polymer nucleic acid isolated according to Nishioka and 

Ibuka (1952) gave a negative biuret but a positive Sakaguchi test. 
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Nucleic Acid Analyses 

Quantitative analyses for nucleic acids in the nucleoprotein frac

tion were made as follows: the method of Schmidt and Thannhauser 

(1945) employing an incubation in lN NaOH for 18 hours at 37° C was 

used to separate both RNA and DNA from the .nucleoprotein fraction. 

To precipitate out the DNA plus the soluble proteins, 5 percent tri

chloroacetic acid (cold) was added and the precipitate was centrifuged 

down. The supernatant containing RNA was saved for analysis. The 

DNA in the precipitate:: was solubilized using Schneider's technique 

(1945), which employs a 5 percent trichloroacetic acid extraction at 

90° C for 15 minutes. The protein remains insoluble arid is centri

fuged off. Analysis for RNA in the supernatant from the first extrac

tion was made using a modification of Mejbaum (1939): one ml of a 

sample was mixed with 1-1/2 ml of 0. 1 percent FeG1
3 

in concentrated 

HCl and containing 0. 3 percent orcinol. The mixture was heated in 

a boiling water bath 20 minutes, cooled and made up to 3 ml, and the 

absorption at 660 mf.L was dete-rmined in a Beckman Spectrophotometer 

using appropriate reagent blanks. The RNA concentration was deter

mined from a standard curve made with known quantities of RNA. 

Using Stumpf's method (194 7),DNA in the second supernatant was de

termined as follows: a 1/2 -ml sample was mixed with 0. 05 ml of 5 

percent cysteine hydrochloride followed by 5 ml of 70 percent H 2SO4 . 

After being mixed, then standing ten minutes, samples were read at 

490 mf.L using appropriate reagent blanks. The concentration of DNA 

was determined from a standard curve made with known quantities of 

chick erythrocyte DNA (kindly donated by Dr. Mazia). Re suits of 

these ana~yses are shown in Table I. 

Test for Streptomycin 

A test to determine streptomycin in the nucleoprotein fraction 

was based on the observation that streptomycin or a derivative of it 

is released from combination with the nucleoprotein fraction by in

cubating in lN NaOH for ~8 hours at 3 7° G. A .similar as ~a y method 

was later found to have been proposed by Waksman (1947). Strepto., 

mycin has an absorption maximum at 325 mf.L which is enhanced some 
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Table I Nucleic Acid Determinations on Nucleoprotein Fraction 

' 

Analysis Sample Nucleic acid Percent nucleic Av. percent 
wt. mg. found, mg.* acid nucl:eic acid 

PNA 10 1. 05 10. 5 

10 1. 06 10. 6 10. 3 

10 0.99 9.9 
-

DNA 100 0.33 0. 33 0.33 

100 0.32 0. 32 

* Each value represents the average of two aliquot determinations. 



.. 

200 times by incubation with alkali. The alkaline incubation breaks down 

the streptomycin to form maltol (Waksman, 1947), which has an absorp~ 

tion maximum very close to 325 rn~J.. The nucleoprotein fraction alone 

has a very low, steadily decreasing,absorption in this region. Thus by 

incubating a sample of nucleoprotein fraction with alLkaH and deter;mining 

the absorption at 325 mfJ., one can estimate concentrations of streptomy

cin from a standard curve made with known quantities of alkali-incu

bated streptomycin. Very little, if any, streptomycin could be detected 

in the final product of the nucleoprotein fraction; i.e. , any amount pre

sent was at the lower limit of sensitivity of this method. 

Test for Heme-Type Proteins 

A test for contaminating proteins similar to heme proteins in the 

nucleoproteinfraction was based on the general presence of a reddish 

color and of an ab.~orption maximum at 405 miJ. in heme proteins .. Crude 

nucleoprotein fraction was reddish in color and possessed an absorp-

tion maximum at 405 l?f.l.• The final nucleoprotein fraction was colorlLes s, 

and possessed no absorption maximum at 405 m~J., within limits of sen-
' . sitivity of the method. Hence, there was probably very little, if any, 

heme protein present. 

TISSUE CULTURE TECHNIQUES 

The method of tissue culture described below is a modification 

of that developed by CarrelL (1913). All cultures were made in Carrel 

flLasks using fresh explants from JL2 .to 15 -day chick embryo heart. The 

basal unsupplLemented medium included a solid phase of undialLyzed 

chicken plasma and a supernatant of dilute undialyzed serum {40 per

cent horse serum, 60 percent Geyi s saline). The following were in~ 
' 

corporated into the saline fraction so as to give the stated levels in 

the completed medium: 100 units/ml sodium penicillin G (Merck); 

50 units/ml dihydrostreptomycin (Pfizer); and 0. 002 percent phenol 

red as a pH indicator. The concentration of whole saline embryo ex~ 

tra.ct (EE
50

) in the medium was restricted to a minimum required for 

the initial clotting process (approximately 0. 01 ml EE
50 

per flask). 
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Supplements to be tested were added in an appropriate volume of Gey' s 

saline, which ordinarily consisted of one fourth of the saline fraction. 

Each supplemented series of six flasks was matched with a group cul~ 

tivated in unsupplemented basal assay medium. In evaluating effects of 

specific cell.l fractions, concentrations were expressed in terms of cor

responding amounts of starting material (embryo equivalents) added per 

series of si~ flasks. In the case of nucleoprotein fract~on or nucleic 

·acid preparations the relative concentrations were expressed in terms 

of mg/cc.of the~ total volume of the medium. The cultures were incu~ 

bated a:t 38° c and supernatants replaced biweekly without washing 1the 

plasma clot. Outgrowths were examined microscopicaHy at 7 days, 

and areal tracings were made biweekly with a projectoscope. Areal 

increases between zero and ten d;:~.ys were determined with a planimeter 

and the results were treated statistically (Snedecor, 1946). The effect

iveness of a particular fraction was judged by the areal increase of the 

cuUure at ten days, by the characteristic .. microscopic morphology of 

the cells in the. culture, and in certain.cases, by measurements of pH 

in the supernatant fluids at ten days .. Cell fractions and the original 

nucleoprotein fractions were prepared using sterile technique through~ 

out. When this sterile technique was omitted in the later nucJleoprotein 

preparations, there was no sign of alteration in the final product and it 

may be emphasized that the temperature was maintained at 0° C through

out the entire isolation procedure. Antio~iotics were routinelly inc or

porated into the media and the nucleoprotein fractions were routinely 
' 

subjected to one hour's ultracentrifugation at 105, 400 £just .Prior to 

culturing so as to reduce contaminating microorganisms to a low level. 

As a result of these precautions, nucleoprotein fractions even though 

prepared under non~sterile conditions did not in general produce con

taminations in tissue culture. NuCiLeic acid preparations did not require 

ste:dlization since they were dried with ether and the dry product was 

reconstituted with sterile Gey' s solution. 



EFFECTS OF SUPPLEMENTATION WITH CELL FRACTIONS 

Controls 

:Outgrowths in unsupplemented media provided a basal level of re

ference for the various experimental series, In such series of controls, 

the increase in surface area (Table II) was minimal over, the ten-day 
' ' 

period of assay, Although occasional explants exhibited thin, widely 

spreading mesothelial sheets, the usual pattern was a characteristic 

compact outgrowth .zone, The cells were massed closely, became 

granulated and refractile after a few days, and did not show radial 

orientation with respect to the explant, 

Nuclei 

Washed nuclear fractions were added to assay cultures at levels 

of 5, 7 and 15 embryo equivalents per series of six cultures, None of 

these concentrations produced significant changes in surface area 

(Table II), and the cell picture microscopically was identical with that 

of the control cultures. These results ~uggest that the nuclear frac ~ 

tion is inert but not inhibiting in culture, 

Mitochondria 

Washed mitochondrial fractions exhibited a clear ~cut growth

stimulating effect when tested alone in assay culltures, This could be 

verified by measurements of surface area (Table II) as well as by cor~ 

related microscopic changes, Supplemented cultures showed a predict~ 

able difference from controls in cell picture and colony pattern, The 

cells in.the outgrowthzone were visibly more numerous, did not mass 

closely together, and showed a more regular, radial alignment, par

ticularly at the periphery of the outgrowth zone. After a few days the 

outgrowths became refractile and vacuolated but continued to expand, 

In general the outgrowths closely resembled those previously obtained 

with dialyzed whole embryo extract (Harris, l952a), 

The effects of supplementation with mitochondrial suspensions 

were most clearly evident at dosage levels corresponding to eight ern~ 

bryos per series, falling off belqw this point (Table II), High concentra

tions of mitochondria produced lesser increases in surface area with 
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Table II Effect of Cell FraCtions from Chick Embryos on Areal 
Spread of Chick l{eart Fibroblasts* 

Cell frac- Concentration Areal increaset Difference from Significance 
tion added level, embryo atlOdays, unsupplemented of difference, 

· equivalentst mm2 paired controls ptT-t 

-- n. 2 ± 1.7 -- --
-- 16.0±'2.7 -- --

None 
(con- -- 16.0±5.7 -- --
trois) 

-- 10. 8 ± l. 7 -- --

-- 18.0±2.3 -- --
! ' 

5 14. 5 ± 1. 0 -1.5±2.9 >0.5 
' 

Nuclei 7 16.7±0.9 -0. 5 ± 1. 9 >0.5 

15 18. 1 ± 1. 8 0. 9 ± 2. 5 >0.5 

3 25. 1 ± 1. 6 14. 3 ± 2. 4 • <0.001 

5 37.8±3.7 21. 8 ± 4. 6 <0.001 

5 33. 7 ± 5. 3 22. 9 ± 5. 6 <0. 01 

Mito- 8 54. 9 ± 0. 9 44. 1 ± 1. 9 <0. 001 
chondria 

8 51.4± 1.3 35.4 ± 5. 8 <0.001 

8 40. 7 ± 1. 0 22. 7 ± 3. 0 . <0. 001 
' 

14 21.9±0.6 8. 7 ± 1. 8 <0. 01 

4 55. 7 ± 1. 9 43. 1 ± 7. 5 <0.001 

Micro-
8 56. 0 ± 2. 4 44.4 ± 7. 7 < 0. 001 

somes 

13 29. 9 ± 2. 3 16.7±2.9 <0.001 

Dialyzed 0.5 55. 7 ± 4. 0 42. 5 ± 4. 4 <0. 001 
final super. 
natant 0.3 59. 6 ± 3. 2 50. 5 ± 2. 9 <0. 001 

,,, Medium:· Chicken plasma clot + 40 percent horse serum, 60 per-..,.. 

t 
cent Gey~ s solution. 

Total amount added per series of six cultures 
tt Mean value and standard error (Snedecor, 1946). Six cultures per 

series. 
-

ttt Fischer 1 s t test (Snedecor, 1946). 



the cells becoming increasingly :refractile amd heavily loaded w1th vac

uoles. These inclusions may reflect the relati~e abundance of lipids in 

the cytoplasmic· particulates of chick embryos as reported by Claude 

(1940). 

Microsomes 

The addition of washed suspensions of microsomes produced large 

increases in surface area (Table II) and cellular changes similar to those 

described for cultures supplemented with mitochondria. No significant 

differences were observed in comparisons of cultures supplemented with 

the two particulates respectively. As with mitochondrial suspensions, 

high levels of microsomes were inhibiting. 

Soluble Cell Fraction (Dialyzed Final Supernatant) 

The final supernatant retained a conspicuous level of activity after 

separation of the particulate fractions and dialysis to remove sucrose 

and other components of low molecular weight. Even relatively minor 

additions of this fraction produced substantial increases in surface area 

(Table II) and altered growth pattern. In general these changes were 

similar to those produced by suspensions of mitochondria or micro

somes, but the outgrowths showed fewer inclusions, were less refrac~ 

tile, and the cells were more regular· in arrangement.· It is apparent· 

that while suspensions of cytoplasmic particulates exhibit growth~pro~ 

moting effects, the largest part of the activity of whole embryo extract 

resides in the soluble cell fraction. 

Extracts of Mitochondria 

Table III summarizes the results obtained from assays with the 

extracts of mitochondria. In general, changes in surface area were 

paralleled by alterations in cell picture as described for intact suspen~ 

sions of mitochondria. It appears that the active principle in mito

chondrial fractions can be partially solubilized by treatment with either 

distiHed water or Gey' s solution, although there was no clear indication 

that extraction was aided by freezing or thawing. Freezing and thawing 

twice seems to tlecrease the activity of the extract, possibly because of 

inactivation due to this treatment. Extraction with 70 percent ethanol did 

not solubilize active materials and this result is particularly interesting 

since 70 percent alcoholic extracts of entire embryos are rich in dialy

zable growth factors (Harris, 195 Zb). 
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Table III Effect of Extracts Obtamed fr-om Washed . I 

Mitochondrial Suspensions on Areal Spread 
of Chick Heart ·Fibroblasts 0 * 

Extraction Additional Areal increase t at 10 days Difference from Significance 
medium treatment · in cultures supplemented ·with · uns:upplemented of difference 

final centrifuged extract"tt paired controls p t+t 

~mm2 ·' 

·' . 

-- 36. 5 ± 4. 9 ' 18. 5 ± 5. 4 <o. 01 

Distilled 
frozen and 

49o 4 ± 2o 5 38. 6 ± 3o 0 <Oo 001 
Water 

thawed once 

frozen and 
30o 0 ± 3. 0 19. 6 ± 3o 2 <0. 001 

thawed twice 

Gey1 s -- 33. 3 ± 2. 1 22. 9 ± 2. 2 < 0 0 001 
solution 

. ._ 
' 

70 per- Evaporated; 
cent re constituted 

17.6±2.8 -0.4±3.6 >o.5 
ethanol in Gey's I 

solution I 
I 

* Medium: Chicken plasma clot plus supernatant of 40 percent horse serum, 60 percent ~ Gey1 s solution. 
! 1' Mean value and standard error (Snedecor, 1946). Six cultures per series. 

·tot· · Added at levels corresponding to eight embryo equivalent per series. 
! 

ttT Fisc·her 1 s t test (Snedecor, 1946)0 
·- ----------

·, 

i 
[\J 

~ 
I 
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SUPPLEMENTATION WITH NUCLEIC ACIDS 
AND NUCLEOPROTEIN FRACTIONS 

Effects of Nucleoprotein Fraction 

In Table IV may be found the relative increases in surface area at 

10 days in cultures containing three concentrations of the nucleoprotein 

fraction as compared to outgrowth of similar cultures in the unsupple

mented basal assay medium. The obv-ious increases in the cultures 

containing the nucleoprotein fraction are further documented by the 

photomicrographs shown in Figs. 3 and 4. Increases in surface area 

were also assoicated with characteristic alterations in cell.l morphology. 

In the unsupplemented control cultures the cells were heavily vacuo

lated and densely massed without conspicuous orientation.(Fig. 5). In 

cultures containing the nucleoprotein fraction .the outgrowth zone was 

much less granular, with the marginal cells broad and flat, tending to

ward a much looser, more radial arrangement {Fig. 6). It should be 

emphasized that the basal assay medium contained undialyzed chicken 

plasma and horse serum .. Consequently it has not been possible- to 

separate the relative role of nucleoprotein and dialyzable factors in 

the total effect obtained. Synergism between these factors has recently 

been demonstrated by Harris and Kutsky {1953) and wiU be described 

later in more detaiL 

Table IV also includes data on areal increases in cultures sup

plemented with the supernatant {thoroughly dialyzed against Gey 1 s sal

ine) from the first of the two streptomycin precipitations. The super

natant fraction, essentially a 50 percent borate extract minus nucleo

protein fraction, was incorporated at a level normally used to obtain 

large outgrowths with 50 percent saline embryo extract (EE50), i.e., 

15 percent of the total volume of the medium, replacing a like amount 

of Gey1 s saline. It is apparent that the residual activity in the super

natant is small in comparison to that of the streptomycin precipitate. 

Nucleic Acids 

Assays of the high polymer PNA prepared according to the method 

of Nishioka and Ibuka-(1952) were uniformly negative {Table IV}, as 

were similar experiments with nucleic acid isolated directly fro:m the 
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Table IV Outgrowth of Chick Heart Fibroblasts in I 
Undialyzed Media Supplemented with 

- -- -- Fractions from Chick Embryo Extract 
-

pupplement Areal increase i Areal increase- Difference from ! Significance of 
Ito basal 10 days mm2** 10 days mm2** unsupplemented ! difference, P 
!medium* supplemented controls controls i 

Nucleoprotein 
j 

l fraction l 
I 

0. 2 mg/cc 34. 7 ± 2. 3 14. 3 ± 1. 4 20.4 ± 2. 7 l < 0. 00 l 

0. 4 mgjcc 53. 4 ± 0. 9 I 14. 3 ± 1. 4 39. 1 ± 1, 7 <0. 001 l 
I 
' 

0. 7 mgjcc 65.0±1.2 14. 3 ± 1. 4 50.7 ± L 8 <0. 001 l 
!supernatant 

--l 
I I I jdial yzed*** I 15 percent 22. 8 ± 1. 3 13. 9 ± l. 3 8. 9 ± 1. 9 <0. 01 

-~ --

High polymer I 

nucleic acid l 
1 mg/cc 10. 0 ± 0. 6 13. 8 £ 3. 9 3. 8 ± 4. 0 >0.3 

Nucleic acid 
from nucleo-
protein 
0. 3 mg/cc 17.0:1::3.0 19.9±4.6 2. 9 ± 5. 5 > 0. 5 

* Basal Mgdi:um 

** Mean value an 
supplement wh 

*** From first str p y p p p g 'f 
culture. 

'! 
N 
0" 
I 
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ZN-857 

Fig. 3 Outgrowth of chick heart fibroblasts after 10 days 
in unsupplemented basal assay medium. x 7-1/2.. 



-2.8-

ZN-656 

Fig. 4 Outgrowth at 10 days in basal medium supplemented 
with nucleoprotein fraction (0. 7 mg/cc) in Gey's 
saline. x 7-1/2. 
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Fig . 5 Cellular detail at 10 days in culture of chick heart 
fibroblasts in unsupplemented basal medium. x 122. 
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Fig. 6 Similar view of culture containing supplementary 
nucleoprotein fraction (0. 7 mg/cc) in Gey's saline. 
xl22. 
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nucleoprotein fraction as described above. Neither of these fractions 

produced increases in surface area or alterations in cell morphology 

similar to those seen with the nucleoprotein fraction. 

Electrophoretic Fractions 

Assays of the four subfractions obtained after electrophoresis of 

the nucleoprotein fraction are shown in Table V. Details of the technique 

were described in the previous section. Two separate experiments are 

summarized in the table. It will be noted that in the first experiment 

only one, subfraction corresponding to the third ascending component was 

active. The third descending component was cultured at half the level 

used for the third ascending component, and its. inactivity may be due to 

this fact. In the second experiment the data show that the starting mat

erial was twice as concentrated; three subfractions were active in cul

ture, corresponding to the combined first two ascending components, to 

the third ascending co~ponent and to its analogue on the descending limb 

of the cell. A small amount of contaminating material fr\Qm adjoining 

subfractions may be included in a particular subfraction during mechani

cal separation. It is therefore quite possible that the subfraction con

sisting of the first two ascending components may owe its activity to 

the presence of·the third ascending component adjoining it, which is 

much more active. The appearance of the cells in culture containing 

the active subfractions was similar to that in the nucleoprotein-fraction

supplemented cultures described above. These data definitely f:!uggest 

that one subfraction is active, but in view of the small amount of the 

other subfraction.!?. obtained·, judgment should be reserved on their effect 

in culture. The concentrations of the minor components may have been 

below the threshold of activity in tissue culture. In any case, the active 

subfraction does account for more of the activity of the parent nucleo

protein fraction than any of the other subfractions. 

Effect of Streptomycin in Culture 

Streptomycin sulfate (Lilly) was added at three concentration levels 
I 

in assay cultures, to check the possibility that combined streptomycin 

was the active factor in the nucleoprotein fraction. The data shown in 



. Table V Prelli:nmary Tests of ElectrophoretlcSubfractwns 
of Nucleoprotein Fraction in Tissue Culture 

Electrophores1s Supplement to Areal 1ncrease** .Difference from . S1gniflcance of 
Run No. basal medium* at 10 days mm2 unsupplemented ·difference, P 

controls •• 

First None· (controls) ~-- i9. 2 ± 1.8 -- --
Preparative Peaks 1 and 2 ascending 12 percent 11. 7, ± 0~9 -7. 5 ± 2.0 <0. 01 (inhibitory) 

Run Peak 3 - ascending .22 percent 64.3 ± 9.5 44~ l ± 9.7 <0. 01 .. 

Parent Peak 3 - descending 11 perc_ent 14.0 ± 0.·9 -5.2 ± 2.0 <0. 05 (inhibitory) 
.. 

Material Peak 4 - descending 12 per.cent 15. 5 ± 1.6 -3. 7 ± 2.4 >o·~· 1 

0. 40 percent 
Parent material 15 percent 70. 8 ± 12. 3 51. 6 ± 12. 4 <d. 01 protein 

Second None (controls) 15.:5 ±·. 3.7 -· -- -- --
Preparative Peaks 1 and 2 ascending 25 percent 34.9 ± 1.2 19.4 ± 3.9 <0. 01 

Run Peak 3'- ascending 20 percent 84.4 ± 26.0 68. 9 * 26. 2/ <0. 05 

Parent Peak 3 - descending 15 percent 74. 3 ± 11. 1 58. 8 ± 11. 7 <0. 01 

Material Peak 4 - descending · 22 percent 21.8 ± 3.8 6. 3 ± 5.3 >0.2 

0. 92 percent 
.PC!.rent material 15 percent 63.5 ± 6. 1 48.0 ± 7. 1 <0. 00 l :protein 

: 

* Basal Medium: Chicken plasma clot, 40 percent horse serum, 60 percent Gey1 s saline. Levels of 
fluid subfractions listed correspond to percent of total volume of medium. 

'**·.Mean value and standard. error (Snedec-or, 1946). Three cultures per series. 

-

• 

• 

I 

I 

! 
w 
N 
0 



Table VI Effects:::cri. Areal Outgrowth of Chick Heart 
Fibroblasts of Various Concentrations of 
Streptomycin Sulfate 

Supplement to Areal increase** Difference from Significance of 
basal medium* at 10 days mm2 unsupplernented difference, P 

controls 

None (controls) -- 12. 8 ± 0. 5 -- --

~treptomycin - SO 4 M/40 2. 9 ± 0. 2 -9.9±0.53 <0. 001 (inhib1tory) ! 

~treptomycin - SO 4 M/400 8. 5 ± 0. 3 -4. 3 ± 0. 58 <0. 001 (inhibitory) 

~treptomycin - SO 4 M/4000 11,0±1.1 -1.8±1.21 >0. 1 

* Basal Medium: Plasma clot, 40 percent horse serum, 60 percent Gey1 s solution. Concentration of 
streptomycin (Lilly) calculated for total volume of medium. 

** Mean value and standard error (Snedecor, 1946). Six cultures per series except last supplement 
where three used. 

I 
l.N 
l.N 
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Table VI indicate that no stimulation was obtained at streptomycin con

centrations whichmight be present in the nucleoprotein fraction; indeed, 

higher concentrations were inhibitory, Appearance of the cells in cul

ture was not improved over that found in the control cultures. Similar 

data have been reported by F'lisillo, Metzger, and Kuhns (1952). 

DISCUSSION 

It seems desirable to preface discussion of the experimental re

sults with a brief consideration of the basic techniques for assay of 

growth-promoting activity intissue culture. Brachet ('1950) states 

that growth is difficult to define but that it consists of the transforma~ 

tions of foods into protoplasm. Needham {1942) defines growth as an 

increase ,in spatial dimensions and in weight. ·.Cunningham and Kirk 

(1942) define growth in tissue culture as an increase in the mass of the . 

living substance of the culture. In any case, a general criterion of 

growth in tissue culture should take into account the Iollowing pro

cesses involved in tissue growth: (1) cell migration and outgrowth . •· 

patterns, {2) cell-division rate, (3) cell din'1.h1ution: and enlargement, 

(includii1g syncitial development)- (4) ceJLllongevity and disintegration, 

(5) deposition of extracellula~ materials, (6) turnove.r and reorganiza

tion of intracellular materials (including visible cytop~asmic changes), 

(7) cell metabolism,: and perhaps other unkriown processes of equal 

importance ... Since no method has yet been found that integrates all 

criteria into a single measurement of growth, one must seek a suit

able combination of methods. This should measure simultaneously 

as many of these factors as possible, preferably without sacrificing 

the culture, should be simple and inexpensive and should not require 

an inordinate amount of time and effort, and should keep sampling, 

procedurai and measuring errors at a minimum. 

The principal methods that. have been us~d by pre~ious workers 

to measure growth in tissue culture, together with some major defects 

inherent in each method, are as follows. Five optical methods have 

been used, the first three requiring sacrifice of the culture. 
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(1) Measurement of mitotic index (Willmer and Kendal, 1932) 

has a large sample and procedural error owing to variability 

of mitoses throughout the culture, is tedious, and fails to 

consider growth processes other than cell division. 

(2) Enumeration of cells in culture (Tompkins, 1942) is de

fecti=ve due to a variability of cell density throughout the cul

tures, is tedious, and ignores changes in cell size among 

other processes, 

(3) An optical measurement of protoplasmic increase by 

determining cell number, cell size, and volume of the cul-

. ture (Tompkins, Cunningham, and Kirk, 1947) suffers from 

the extreme variability in measurements of cell volume and 

irregular distribution of mitoses throughout the culture and 

is tedious. 

(4) Enumeration of cell nuclei (Sanford .et. al. 1951) is te

dious and very expensive and fails to consider processes 

other than cell division, 

(5) Measurement of areal increase (Ebeling, 1921) haS. ·the 

disadvantage of some variability of areas among cultures, 

gives more weight to cell migration than cell division and 

fails to consider metabolism and deposition. 

Attempts to find a more fundamental measure of growth include 

five chemical and three physical methods respectively; of which the 

first three and the last two require a sacrifice of the cultures: 

(1) Microanalyses of total nitrogen (Tompkins and Kirk, 

1942) are tedious and interfered with by inert materials 

difficult to remove. 

(2) DNA and RNA phosphorus analyses (Davidson, Leslie 

and Wayrnouth, 1949) are difficult and tedious; a direct 

relationship to growth needs to be proven. 

(3) · Total nucleoprotein phosphorus analyses (Willl.mer, 

R942) have the same disadvantages as the preceding method. 

(4) Measurements of metabolic factors such as oxygen up

take (Meier, 193la}; carbon dioxide formation (Laser, 1932),-
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or. lactic acid formation (Demuth and Meier, 1929). are dif~ 

ficuU to standardize and control adequately; in all cases a 

direct relationship to growth needs to be proven. 

(5). Measurements of depletion of constituents in the 'medium 

such as phosphorus (Brues, Rathbun and Cohn, 1944) or sulf

hydryl groups (Ephrussi, 1931) have the same disadvantages 

.as the preceding method. 

(6) Measurements of radioactive phosphorus UJ>take (Hull 

and Kirk,· 1950) ar.e subject to errors of adsorption and ab

sorption: by various surfaces and possible interference by 

• turnover reactions not directly related to growth. 

(7) Measurements of dry weight (Meier, 193lb) are subject 

-to error from the presence of inert materials very difficult 

to remove from the cultures. 

(8) Measurements of wet weight (Schaffer, 1950) have dif

ficulties similar to the dry weight measurements plus. the 

difficulty of rapid drying out of the cultures during weigh

ing,· 

As can be seen;· all the methods have inherent difficulties and 

sources of error. In addition, each measures a different set of the 

growth processes. Jt is therefore necessary to use several methods 

in conjunction to obtain sufficient information on a number of criteria. 

Davidson;· Leslie,· Smellie and Thomson (1950) demonstrated a constant 

content of DNA per nucleus in various tissues of chick embryos and 

Davidson and Leslie (1950) have -therefore used DNA phosphorus as a 

basis of reference in tissue culture experiments. Basically, this meth

od affords an excellent measure -of cell division but it suffers from in

terference due to contaminating cell debris and inert materials in cul~ 

· tures, and from contaminating phosphorus compounds. If only the viable 

nuclei were isolated (Sanford et al, 1951) and the DNA analyzed via suf

ficiently sensitive methods for desoxyribose (Ceriotti, 1952) or thymine 

(Woodhouse, 1949), a much more accurate estimate might be obtained. 

If successful, it would still be desirable to obtain parallel measure

ments using an independent method to obtain information on other cri

teria such as cell size, migration and metabolism. 

I 
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The method of .areal measurements chosen for this work represents a 

combined m~asure of cell migration, cell division, and cell enlarge

ment. · Variability in surface area can be controlled by a thorough sta

tistical treatment of data. Wit~ all its limitations, correlation of this 

method with growth has had no well-documented general disagreement, 

particularly if, combined with other indexes. This has been coupled 

with an inspection .of microscopic morphology, which furnishes infor

mation on cell enlargement, cell reorganization, growth patterns, and 

extracellular deposition. A low-power magnification inspection of the 

cultures furnished additional clues as to density of outgrowth and cell 

migration. In addition to J:his, pH measurements on the 10 -day final 

supernatant fluids indicated the amount of acid production and therefore 

give indications as to cell metabolism. 

Turning now to the results obtained in the tissue culture assays, 

work on the particulates suggests the following: The inertness of the 

nuclei in culture suggests that the various components of the nuclei are 

without growth-promoting activity. This would eliminate nuclear DNA 

and nucle~r desoxyribonucleoprotein as active substances. Because of 

the large amount of surface .involved in the mitochondrial and microsomal 

fractions it is possible that their activity may be dependent on active 

factors adsorbed from the supernatant. However, in view of the 

thorough washing of the particulates ·and the decrease in activity of both 

mitochondria and microsomes noted at the 14-embryo level (no such 

decrease was noted with high concentration of purified nucleoprotein 

fraction from the active supernatant), it seems more likely that actual 

components of the particulates are involved. The decrease may not 

necessarily be due to lipids, because when isolated by flotation in pre

liminary ultracentrifugal studies the lipids were inert but not inhibiting, 

Failure of 70 percent ethanol to extract active factors from the mito

chondria indicates that substances of high molecular weight are probably 

responsible for mitochondrial activity since the active factors of low 

molecular weight as isolated by Harris (1!9 521?) are soluble in 70 percent 

alcohol. Since evidence has been presented that the soluble active large 

molecule may be a ribonucleoprotein while RNA is inactive, and since 

both mitochondria and microsomes are rich in ribonucleoprotein, the 

most p.robable common active constituent is ribonucleoprotein. Indeed, 
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the possibility suggests itself that the mitochondria and microsomes may 

have other common properties because of their common nucleoprotein 

and lipid constituents and similar activity in tissue culture. Brachet and 

Jeener (1944) found that the particulates account for 20 to 40 percent of 

the embryonic ribonucleoprotein while the remaining 60 to 80 percent is 

. found free as soluble ribonucleoprotein in the cytoplasmic fraction. The 

trends of activity in tissue culture and distribution of ribonucleop'l."otein 

in embryo extract seem to be parallel, suggesting that the free -ribo

nucleoprotein plays the primary role in immediate growth stimulation 

while the particulates may conceivably be the source of the nucleoprotein 

growth factor (Brachet 1950). 

I:n the .attern:e,t to develop an appropriate isolation technique for this 

nucl'e_o_protein factor, the original nucleoprotein isolation technique of 

von Euler and Heller {1948) proved unsuitable for chick embryo extract 

and was modified in the present experiments. Dialysis against distilled 

water. to remove interfering salts, as specified in the original procedure, 

partially denatured the chick embryo proteins. Homogenization in and 

precipitation from borate, suggested by experiments of Gros and Rybak 

(1948), eliminated the initial dialysis and doubled the effectiveness of the 

first streptomycin precipitation. The original streptomycin sulfate con

centration of M/800 resulted in only a partial precipitation of chick 
-· 

embryo nucleoproteins, but when increased 8-fold to M/100 gave'-a maxi

mum yield. In general, owing to the extremely fine precipitates formed 

by embryonic nucleoproteins, much higher centrifugal speeds were neces

sary than in the original method. The small residue of activity remaining 

in the supernatant after the first streptomycin precipitation may be due 

to the gradual nature of the precipitation of the chick nucleoprotein in 

contrast to the liver nucle?protein. On standing, this precipitate develops 

a coarse texture which s·ediments at lower speeds and fortunately occludes 

less heme protein than the initial fine precipitate. Development of the 

coarse texture made it unnecessary to wash the precipitate and eliminated 

the third and fourth reprecipitations of von Euler and Heller's method, 

which resulted in heavy losses. Trials with various salts revealed that 

substitution of M/3 potassium phosphate for M sodium chloride to break 

up the streptomycin-nucleoprotein complex and to dissolve the nucleo

protein fraction reduced the large amounts of solvent originally required. 
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Residual streptomycin associated with the nudeoprotein'fraction could 

·be split .off by dialyzing against the phosphate, and was checked by 
" 

determining the increase in optical density at 325 miJ. as already des-

cribed. Von Euler and Heller 0s procedure made no provision for re

moval of tl~e free lipids or the microsomes, whereas they were here 

removed by ultracentrifugation. - Lyophilization preserves most of the 

activity of the redissolved nucleoprotein fraction but the material is 

slow to-dissolve; about 30 percent remaining insoluble. The material 

retains its biological activity in the dissolved state for three weeks when 

kept in the refrigerator, Streptomycin alone when tested in culture at 

various concentrations (as described above) showed no activity and hence 

the activity of the nucleoprotein fraction was not due to any residual 

streptomycin. 

To recapitulate, the method of preparing a nucleoprotein fraction 

with streptomycin as outlined here offers the advantages of very mild 

conditions, a high efficiency; a simplified technique omitting the sterile 

precautions, a product more stable in purer form, and pote-ncy ten 

times as great as dialyzed embryo extract on a weight basis (i.e. re

sulting ·in equal areal outgrowth). This product has been found to react 

synergistically with the factors of low molecular weight (Harris and 

Kutsky, 1952) when tested in dialyzed media. Although the nucleopro

tein fraction is still complex electrophoretically, the preliminary 

culture tests on the subfractions and other negative tests on RNA and 

DNA point to the fact that the major nucleoprotein subfraction and pos

sibly the fourth minor component contain active factors. It is con

ceivable that the major nucleoprotein subfraction may not be one ribo

nucleoprotein but a family of closely related ribonucleoproteins which 

migrate similarly during electrophoresis,- one or more of which may 

. be active. 

It would be interesting to compare electrophoretic results, 

potency, and activity levels in culture of the various preparations of 

the active nuCleoprotein fraction made to date. The present nucleo'

protein fraction with 10. 3 percent RNA, 0. 3 percent DNA, a tenfold 

milligram potency over dialyzed embryo extract, and active at levels 

of 0. 4 to 1. 0 mg/ cc in culture compares well with the preparations of 

previous workers. Fischer 1 s (1943) beef embryo nucleoprotein fraction 

------
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had 7. 4 percent RNA, 5. 3 percent - 8.1 percent DNA, a potency (nitro

gen basis) of three times that of the parent extract, and a complex 

.electrophoretic pattern with four major components, and was active at 

a level of 12 mg/cc in culture. Davidson and Waymouth 1s (1945) pre

paration from sheep embryos had 5. 9 percent RNA, 0. 7 percent DNA, 

and was active in culture at levels of 0. 5 to 1. 0 mg/cc, but with an un

known potency and number of electrophoretic components since no anal

ysis for these was made. Waymouth 1 s (1947) active preparation from 

chick embryos had RNA and DNA in unreported amounts. Activity 

levels in culture and potency were likewise unreported but the electro

phoretic analysis revealed relatively few components. The RNA content 

of the present nucleoprotein preparation is seen to be higher than that 

of the others, and may be due to the presence of free RNA in residual 

quantities precipitated by the streptomycin along the with nucleoprotein. 

This residual RNA and the small quantity of DNA demonstrated by anal

ysis could account for the two small leading peaks in the electrophoresis 

analysis. 

The high polymer pentose nucleic acid isolated by Nishioka and 

Ibuka (1952) may have contained some undetected nucleoprotein, since 

they relied solely on the insensitive biuret test for proteins and did not 

use a more sensitive test such as the Sakaguchi reaction. Apparently 

it is not feasible to obtain preparations completely protein-free by the.ir 

method since 21 chloroform extractions still left the preparation with a 

Sakaguchi-positive reaction. This contaminating nucleoprotein could 

account for the activity noted in their nucleic acid preparation. The 

nucleic acid preparation obtained from the active nucleoprotein fraction 

was probably not as highly polymerized as the ahove preparation (which 

was 2. 4 relative viscosity units), because a very short heat treatment 

was used to split the nucleoproteins and the resulting preparation was 

only slightly viscous. Tennant, Stern and Liebow (1942) tested various 

nucleic acids in culture and asserted that certain nucleic acids were 

active at low concentrations. However, their culture periods were only 

30 hours, whereas three to five days are usually necessary to observe 

a real effect. Moreover, their data were presented as complex func

tions of the areas and when these were recalculated in a simplified form, 

few if any significant differences were noted. Fischer (1946) and 

Waymouth (194 7} both tried various nucleic acids in culture with negative 
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results. The present work on the nuclear fractions suggests that chick 

DNA is inactive and the tests on the electrophoretic fractions with 

nucleic acid spectra again suggest that nucleic acids are inactive. Pre

liminary to this research various samples of commercial RNA and DNA 

and high polymer DNA were tested and found inactive. The evidence 

therefore points to the fad: that both types of nucleic acid even in high 

polymer form are inactive in culture. 

If the active principle in embryo extract is a nucleoprotein, then 

on the basis of its greater stability in purer form (as found in this work) 

as compared to the known lability of embryo extract (Carrel and Ebeling, 

1923) one might conclude that we are here dealing with a mutually sta

bilized system, sometimes found in complex proteins, of a labile nucleic 

acid in combination with a labile protein which is disrupted and inacti.,... 

vated by the action of the enzymes of the parent extract. Considering 

the action of this principle, Fischer (1946) thinks it to be catalytic at 

the cell surface; against this idea is the fact that large amounts are 

needed in culture (as confirmed in this work) and the fact that he could 

not demonstrate any enzymatic activity in embryonin. A more promis

ing view is held by Needham (1931), who states that the growth-promot

ing factor is a right conjunction of nutrient materials and the capacities 

to use them. Continuing along this line, Davidson and Waymouth {1945) 

believe in a nutritive role for the nucleoprotein factor possibly to supply 

energy and materials for the nucleoprotein synthesis which they demon

strated to precede cell division. The large quantity requirement and 

the need for constant replenishment of the embryo extract {Tompkins, 

Cunningham and Kirk, 1947) in culture would be in harmony with this 

view. Brachet (1942), Ludford (1948), and Lansing and Rosenthal (1952) 

give evidence that :ribomucleoproteirL exists on cell surfaces, which 

Lansing and Rosenthal believe may regulate the calcium metabolism of 

the cell and control aging by this mechanism. However that may be, 

the results of the present research, indicating a quantity requirement, 

are not incompatible with the idea of a surface combination phenomenon, 

i.e. , that each new unit of surface formed requires a certain amount 

of nucleoprotein in order to function. It might also be possible that this 

' factor a.cts as a structural component of new cell surfaces forming in 

culture with special chemical properties due to the nucleic acid moiety 
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of the molecule (Neuberg and Roberts, 1949}. It is known that the ribo

nucleoprotein of tobacco mosaic virus can travel into the interiors of 

cells {Bawden, 1950}; perhaps this active nucleoprotein can likewise be 

transported into the cell interior there to become incorporated into new 

cellular structures. In this connection it is interesting to note that the 

mitochondria and microsomes shown here to be active in culture are 

known to contain ribonucleoprotein (Schneider and Hogeboom, 1951}. 
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SUMMARY 

L Chick embryo extract has been fractionated chemically and physically 

and the resulting products tested for growth promoting activity in 

tis sue culture, using an appropriate statistical treatment of data. 

Cell particulates (cell nuclei, mitochondria, and microsomes) have 

.been isolated by differential centrifugation in hypertonic sucrose 

solutions. When tested in tissue culture, the nuclei were inert but 

not inhibiting in effect, and the mitochondria and microsomes both 

gave a small increase in outgrowth (decreasing at higher concentra

tions)·; but the soluble, particulate -free extract (final supernatant) 

gave a maximal outgrowth response. Some activity could be ex

tracted from. the mitochondr~a by distilled water and Gey1s solution 

but not by 70 percent ethanol. 

2. A nucleoprotein fraction precipitated from chick embryo extract by 

streptomycin and freed of particulates by ultracentrifugation was 

found to possess most of the nondialyzable growth-promoting activity 

of the embryo extract in tissue culture. Analysis of the fraction 

disclosed 10, 3 percent RNA and 0. 3 percent DNA, protein, and a 

typical nucleoprotein ultraviolet absorption spectrum with a maxi

mum at 260 mf.L and a minimum at 243 mfJ.. 

3. Preliminary subfractionation of the active nucleoprotein fraction 

in the electrophoresis apparatus resulted in four components. Three 

small components were inactive in culture. The major component 

had an ultraviolet absorption spectrum similar to that of the parent 

nucleoprotein fraction and was active in culture. 

4. Nucleic acids were isolated from chick embryos using two different 

chemical procedures. A nucleic acid split from the active nucleo

protein fraction and a ?igh polymer pentose nucleic acid in chick 

embryo extract were both isolated. Neither proved to be active in 

tissue culture. 

5. Methods of measuring growth in tissue culture and possible modes 

.. of action of the active nucleoprotein fraction are discussed. 
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