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ABSTRACT

EXPERIMENTAL INITIATION OF CELL DIVISION

by Ronald J. Pfohl

Previous studies have shown that mature frog eggs can under-

go cleavage if parthenogenetically stimulated. The stimulus in-

volves two factors: puncturing the egg and simultaneously inocu-

lating or injecting an appropriate biological material into the

egg. The introduction of active material into the egg enables

it to undergo normal cleavage. Granules from cells of a variety

of amphibian, mammalian,and avian tissues are active in this

capacity. A study was undertaken to determine which particulate

component in the cell was the active one.

Differential and sucrose density gradient centrifugation

techniques were used to fractionate the liver tissue of gang

pipiens. Sucrose-EDTA media, either salt-free or buffered with

0.1M phosphate, pH 7.0-7.2, were used throughout the fractiona-

tion procedures. The sucrose concentration varied from 0.25M

to 0.7M.in the differential centrifugation scheme. The sucrose

gradients ranged in steepness from 0.25M to 1.8M sucrose and

from 0.8M to 1.8M sucrose. Subcellular fractions obtained by

these centrifugal techniques were quantitatively analyzed for

the mitochondrial, lysosomal, and peroxisomal marker enzymes.

Samples of the fractions were also injected into eggs of 3533

pipiens to determine their cleavage-initiating activity.

The results obtained in this study show that cleavage-ini-
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tiating activity is associated only with the large granule

fraction of cells. This fraction was shown to contain at least

mitochondria, lysosomes, and peroxisomes. Microsomes and nu-

clei were inactive as cleavage-initiating agents.

The structural integrity of the active cell components was

shown to be necessary for the components to be effective in ini-

tiating cleavage. Subjecting the large granules to freeze-thaw-

ing, insonation, storage for days at 0°C, and heating to 52°C

resulted in the loss of most or all of their cleavage-initiating

activity.

The concentration of granules in the injected material was

shown to be of importance in determining the percentage of eggs

which undergo cleavage and the quality of the cleavages. If

material with a very high concentration of granules is injected,

only a few or none of the eggs cleave. 0f the eggs which do

cleave, most develop only to partial blastulae, with blastomeres

covering less than one-half of the egg surface. Progressive di-

lution of the granule suspension resulted in more of the eggs

undergoing total cleavage.

Little correlation was observed between the distribution of

cleavage-initiating activity and the distribution of mitochon-

dria, lysosomes, and peroxisomes following gradient centrifuga-

tion of untreated and insonated large granule fractions. Upon

considering the results of this study, it seems unlikely that

any one of the three components is by itself the active factor.

Reports in the literature demonstrate that an egg which is

simply activated (but not stimulated to cleave) is capable of
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chromosomal replication, protein and RNA synthesis, and aster

formation. However, a normally functioning amphiastral system

apparently does not form. Whatever the exact nature of the

cleavage-initiating material may be, it is proposed that it

functions either as a division center or it catalyzes the for-

mation of such a center in the egg.
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INTRODUCTION .

In 1899 Loeb discovered that eggs of the sea urchin,

when appropriately treated, follow a course of parthenogenetic

development which results in the production of normal larvae.

This finding stimulated an abundance of research on the prob-

lem of artificial parthenogenesis, particularly on the eggs

of marine invertebrates. Discussions of this subject in texts

by Wilson (1925), Loeb (1913), and F.R. Lillie (1919), and in

a review by Tyler (1941) reveal that a wide variety of agents

(physical, chemical, and mechanical) are capable of inciting

the eggs of sea urchins to develop. This apparent lack of

specificity is in striking contrast with the high degree of

specificity in fertilization. A realization of this contra-

diction by workers in the field led them to abandon the idea '

that a parthenogenetic agent imitates the sperm.or functions in

a capacity fulfilled by one or more of the component parts of

the sperm.

The frog egg, however, appears to be exceptional in that

it has been possible to incite it to develop completely by the

use of only one type of procedure. The complete response of

the egg to an appropriate stimulus involves two phases described

by Bataillon (1911, 1912): 1) an activation phase, and 2) a

regulatory phase.

Many of the parthenogenetic agents (puncture, electric

shock, heat, cold, ultraviolet radiation, acids, bases, hyper-

and hypotonic salt solutions, fat solvents, etc.) which suc-
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cessfully incite other eggs to develop are capable only of

activating the frog egg. This activation phase is character-

ized by separation of the vitelline membrane with the subse-

quent formation of the perivitelline space, rotation of orien-

tation, formation of the grey crescent region, and completion

of the second maturation division. Important metabolic changes

also occur upon initiation of maturation through the action of

hormones. These will be described in the discussion.

These events observed in the activation phase may be

followed occasionally by so-called "abortive" cleavages which

in effect may involve one or two irregular furrowings or super-

ficial indications of attempts at cytokinesis. Such behavior

is not considered to represent bogg,§igg_cleavage, although

duplication and migration of chromosomes and cyclic sol-gel

transformations may occur.

Bataillon (1929) described the behavior of chromosomes and

the cyclic formation of monasters in activated eggs of Rang

ggggg_and gggg vulgaris. He concluded from his cytological

studies that eggs simply activated(e.g. by pricking or electric

shock) succeed only in accomplishing monocentric mitoses.

The procedure for inciting frog eggs to undergo complete

development was first described by Guyer (1907). It involved

injecting blood or lymph into unfertilized frog eggs. This

author was unaware, however, that he had induced parthenogenet-

ic development; In 1912 Bataillon presented proof that a com;

ponent must be inoculated into the egg in order for it to pro-

ceed along a developmental course involving normal cell divi-
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sions (the regulatory phase). The egg of an amphibian can there-

fore be stbmulated to cleave by simply pricking the egg ("first

factor") with a fine glass needle in the presence of blood,

lymph, or a tissue brei ("second factor"). For a description

and analysis of this technique see the review in English by

Tchou Su and Chen (1940). Both Herlant (1913) and Bataillon

(1929) ascribed to the inoculated material an essential role in

positioning or establishing an astral system which is capable

of initiating an effective segmentation of the egg.

Normal embryos are less readily and less frequently ob-

tained from eggs of frogs than from eggs of certain marine in-

vertebrates through parthenogenetic development. Nonetheless,

the relative ease with which amphibian embryos can be reared

through metammrphosis to sexual maturity has made this material

a useful tool for the analysis of problems of sex determination

and the relative roles of nucleus and cytoplasm in development

and heredity (see review by Tyler, 1941).

It soon became apparent to the early workers in the field

that the phenomenon of artificial parthenogenesis could be

regarded as one aspect of the general problem of cell stimula-

tion. In his chapter "On the Nature of Formative Stimulation

(Artificial Parthenogenesis)", Loeb (1912) states: "Cellular

physiology has shown that tissues and organs develop only from

cells through nuclear and cellular division. The conditions

which cause cells to divide and develop into new normal or

pathological tissues have, since Virchow, been called formative

stimuli. It is the task of modern biology to ascertain first
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what is the nature of these stimuli, and second, which change

occurs in the cell in the process of formative stimulation."

Much of Loeb's interest in the problem of artificial par-

thenogenesis was concerned with the nature of the stimulus.

The investigations of Shaver (1953) were principally directed

toward an elucidation of the nature of the ”second factor” in

artificial parthenogenesis of frog eggs. Since parthenogenesis

generally implies a complete development and since only a few

of the eggs which cleave after stimulation by the "second fac-

tor" proceed through gastrulation and complete morphogenesis,

Shaver preferred to refer to the active factor as the "cleavage-

initiating substance."

All the investigations to date have indicated that the

active factor can be obtained from a wide variety of biological

materials. Rostand (1938) lists some of the sources from.which

he and other workers have obtained active materials. These in-

clude the whole blood of mammals, fish, reptiles, birds, leuco-

cytes of the horse, the contents of earthworm seminal vesicles,

and cells from the hermaphroditic glands of snails. Rostand

(1924) reported that dried sperm of a frog, when reconstituted

with water and inoculated, are still effective in initiating

development.

Bogucki, (1923,1926) found the active factor in the brei

of the ovary, pancreas, brain, and liver of the frog. Frog em-

bryos at the blastula and gastrula stage also contained active

material, while the unfertilized egg and the two blastomere stage

did not.
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Einsele (1930) first successfully used the injection tech-

nique and was able to incite eggs to develop by injecting them

with cell-free extracts of testes and blood. Parat (1933) was

able to obtain developing embryos by injecting eggs with acro-

somes he had dissected from the sperm of Discoglossus pictus.

Shaver (1953) obtained embryos which developed to at least the

blastula stage by injecting large cytoplasmic granules from the

testes, brain, lung, muscle, liver, and blood cells of the adult

frog. Activity was also present in the serum of frog blood, in

mammalian erythrocytes, and in the cells of frog embryos from

late blastula and subsequent stages.

More recently, Huff and Preston (1965) have shown that ac-

tive extracts could be obtained from frog eggs which had been

activated by puncturing or electric shock at least 36 hours pre-

viously. A similar development of an active factor was observed

in eggs which were activated and then enucleated, indicating the

absence of direct nuclear involvement.

Inorganic substances as well as organic and biochemical

preparations have, however, thus far proved to be ineffective in

initiating development. No improvement in cleavage over mere

pricking was obtained when the following materials were inocu-

lated: colloidal platinum, chinese ink, talcum, and finely pul-

verized carbon (Herlant, 1913); nucleic acid (Voss, 1923;

Bogucki, 1921); dextrin, tannin, egg white, and milk (Voss,

1923); pepsin, pancreatin, and rennet (Bogucki, 1922); nucleo-

proteins and lipids extracted from testes, peptone, tyrosine,

thymine, and cysteine (Rostand, 1938).
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Voss (1923) suggested that perhaps the materials which he

tested were not inoculated in sufficient quantity to incite de-

velopment. An improvement over the inoculation technique was

introduced by Einsele (1930). His injection procedure increased

the certainty that sufficient material would be introduced into

the egg. Using this technique Einsele (1930) showed that the

following solutions at concentrations ranging from 0.002-4.0

molar, when introduced into eggs, were incapable of stimulating

them to develop: KSCN, KCl, M3304, MgClz, CaClz, and mixtures

of solutions of acetic acid and sodium acetate, KCl and MgClz,

KCl and CaClz, and KSCN and MgSOa. Results of injecting peptone

solutions were also negative.

Additional materials injected by Shaver (1951, 1953) were

shown to be ineffective. He tested 0.005-0.1% solutions of

trypsin, chymotrypsin, and pepsin; a nucleohistone preparation

from frog testes; a 1 mg/ml solution of denatured lipid-free pro-

tein prepared from.Ascaris sperm; and 0.1 and 1.0 mg/ml solu-

tions of yeast RNA, adenylic acid, and guanylic acid. To this

list of ineffective agents may be added 0.01-0.51 solutions of

ATP (Pfohl, 1962).

Negative results were also obtained by inoculating bio-

logical materials such as bacteria, flagellates, pollen and

ovule extracts, and juices from.the meristematic tissue of plants

(Rostand, 1928), and by injecting granule fractions and whole

cells of brewers yeast and the flagellate Polytomella gp‘

(Shaver, 1951).
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The exact nature of the cleavage-initiating factor is

still unknown. Bataillon (1929) strongly adhered to his notion

that the inoculated material must include a nucleus or nuclear

fragment. This idea was already questioned by his contemporaries

(Voss, 1923; Bogucki, 1926; and Herlant, 1913). Positive refu-

tation of this notion has been achieved by the work of Einsele

(1930), Shaver (1953), Huff and Preston (1965), and by the re-

sults of experiments to be subsequently described in this

thesis. These workers have shown that cell- and nuclei-free

extracts of a variety of tissues are capable of acting in the

regulatory capacity of Bataillon's "second factor". Signifi-

cant in this regard is Shaver's demonstration of activity in

granules from the non-nucleated red blood cell of a mouse.

With the continuing improvement of electron microscopical

and biochemical techniques, great advances are being made toward

a better understanding of the structure and function of subcel-

lular components. Since the "cleavage-initiating substance”

appears to be associated with the large cytoplasmic granules of

a cell, consideration was given to the more sophisticated cell

fractionation techniques now available as a means of profitably

investigating the nature and site of localization of the active

factor.

The initiating and motivating spirit of this study was

the hope that a knowledge of the nature of this active factor

may have significance in relation to the general problem of

cell stimulation. Aknowledge of the nature of the stimulus

could direct investigations on the site and mechaniSms of re-
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sponse of the cell and hence to a better understanding of the

interactions involved.

The following, then, is an account of experiments performed

in an attempt to elucidate the nature of the "formative stim-

ulus” of Loeb.



METHODS AND MATERIALS

1. TECHNIQUES OF CELL FRACTIONATION

A. Preparation g£,Tissue Homogenates: 92;; Breakage

Liver Tissue was obtained from fasted adult frogs (3332

pipiens) maintained at 4°C. The frogs were decapitated and

bled. The livers were removed, immersed in ice-cold medium,

blotted dry and weighed. All subsequent steps in the fraction-

ation were carried out at 0-5°C in order to minimize autodegra-

tion of cell components, as for example by hydrolytic enzymes

released from damaged lysosomes (Allfrey, 1959, p. 205-207;

Sawant, Desai and Tappel, 1964). For each gram of liver, 10

ml of the appropriate sucrose medium were added (1:10 suspen-

sion). The tissue was then minced with a scissors into pieces

about 0.5 cm.in thickness to facilitate homogenization.

cell breakage was accomplished with a Potter-Elvehjem.type

coaxial homogenizer modified as described by Pierce and cowork-

ers (1953). It consisted of a smooth-walled glass vessel fitted

with a motor driven Teflon pestle (available from Arthur H.

Thomas Co., Philadelphia) operated at about 1200 rpm. The home-

genate was filtered through several thicknesses of cheesecloth

to remove connective tissue fibers. The filtrate was subsequent-

ly fractionated by differential centrifugation according to the

scheme outlined in a following section.
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B. Isolation gaggg

A medium consisting of 0.25M sucrose and 0.001M disodium

ethylenediaminetetraacetate (EDTA) adjusted to pH 7.0-7.2 was

used in the initial steps of the cell fractionation scheme

(this medium is subsequently designated as 0.258E). In some

experiments the medium.was buffered at pH 7.0-7.2 with 0.1M

NaZHPO4/NaH2P04 (0.25 SEP). Prior to the final centrifugation

the pellet was sometimes resuspended in 0.7M sucrose medium

(0.7 SE or 0.7 SEP).

Either the SE or SEP media was used to prepare the su-

crose density gradients.

C. Centrifugation

1. Differential Centrifugation - The differential centri-

fugations were performed with an International Refrigerated

Centrifuge Model HR-l equipped with the 856 angle head designed

to hold 50 ml tubes. Rmax was 10.7 cm and the volume of the

suspension centrifuged was generally 35-40 ml. Variations in

the fractionation scheme outlined below-and in the composition

of the medium used will be given in conjunction with the appro-

priate results.

Three centrifugations at 2000g for 20 minutes each were

sufficient to remove all of the whole cells, nuclei, cellular

debris, and most of the abundant pigment granules. The pigment

granules which remained in the 2000g supernatant formed a com-

pact mass adhering to the bottom of the tube after centrifuging

at 20,000g. The main bulk of the 20,000g pellet could be care-

fully washed away from the adhering pigment mass with the resus-
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pension medium.

Homogenize in 0.25 SE or 0.25 SEP

2000g, 20 min. (three times)

Pellet Supernatant (51)

discard

20,000g. 60 min.

Pellet Supernatant (82)

resuspended in

0.25, 0.3, or 0.7 SE or SEP

10,0005, 40 min.

Pellet Supernatant (S3)

resuspended in

0.25 or 0.7 SE or SEP

(P3, Large Granule Fraction)

The scheme outlined above involves centrifugations of

longer durations than usual (e.g. see Allfrey, 1959, p. 254-

255) in order to obtain a greater yield of larger granules.

Since the values for gravity and time referred to are ex-

clusive of acceleration and deceleration they cannot be readily

compared with the g min. values used by de Duve and his cowork-

ers (1955).

2. Suggose Density Gradient Centgifggation - Continuous

sucrose density gradients were preformed by a gradient engine

constructed with slight modifications according to the speci-

fications given by Rosenbloom and Schumaker (1963).
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By introducing into the engine 2.2 ml of 0.25M or 0.80M

sucrose medium.and 2.3 ml of 1.8M sucrose medium, a 4.5 ml con-

tinuous sucrose density gradient of variable steepness (0.25-

1.8M sucrose or 0.8-1.8M sucrose) could be produced.

Six- to seven-tenths ml of the large granule fraction ob-

tained by differential centrifugation was layered over the gra-

dient. Three such gradients with overlayered samples were pre-

pared in cellulose nitrate tubes and placed in an SW 39 swinging

bucket rotor. Centrifugation was performed in a Spinco Model L

preparative ultracentrifuge at 35,000 rpm for 2 hours. Deceler-

ation occurred with the brake off in order to minimize disturb-

ance of the gradients.

With the aid of an easily constructed tube-puncturing de-

vice (Fig. 1), 11 fractions of 30 drops each, unless otherwise

noted, were collected from each gradient.‘ Equivalent fractions

from the three gradients were combined. With this apparatus the

number and size of the drops obtained and their rate of flow

(about 25 drops per min.) were very consistent from one gradient

to another.

11. BIOCHEMICAL ASSAYS

A. Protein

Protein concentrations in appropriately diluted samples

were determined by a modified version (Miller, 1959) of the

Lowry technique (Lowry, 25,31‘, 1951). Reference was made to a

bovine serum albumin standard.



-13..

B. Nucleic Agigg

Following treatment of the fractions with cold trichloro-

acetic acid and lipid solvents, the deoxyribonucleic acid (DNA)

and ribonucleic acid (RNA) were extracted and separated by the

method of Schmidt and Thannhauser (1945). Modifications of the

procedure recommended by Hutchison and Munro (1961, p. 794-795)

were incorporated. Since the quantity of DNA in the sucrose

gradient fractions is very small, bovine serum albumin was added

to provide a bulky precipitate upon addition of perchloric acid

to the alkaline digest.

The method described by Ceriotti (1952) involving the re-

action of deoxypentose with indole was used to estimate the DNA

content. The orcinol determination of ribose was used to esti-

mate the RNA content (Ceriotti, 1955; see Webb and Levy, 1958).

C. Enz s

Assays of enzymes were performed to obtain a quantitative

estimate of the abundance of their respective host particles.

If we may assume that studies on mammalian liver have general

applicability, then a large granule or mdtochondrial fraction

from.frog liver should contain predominantly mitochondria with

lysosomes and peroxisomes (microbodies) as significant minor

components. Thus, cytochrome oxidase was assayed as a marker

for mitochondria, acid phosphatase and ribonuclease for lysosomes,

and urate oxidase for peroxisomes.

Spectrophotometric measurements for determining the rates

of cytochrome c oxidase and urate oxidase activity were performed

with an Hitachi Perkin-Elmer Model 139 UV-VIS spectrophotometer
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Figure 1, Tube puncturing device. Part A: The cel-

lulose nitrate centrifuge tube (7) is fitted with a one-

hole rubber stopper (2) into which is inserted a T-shaped

glass tube (1). A solid rubber stopper (4) is bored % its

length to receive one arm of the T-tube. The shank of a

hypodermic needle (5) is passed through the solid portion

of the stopper. The other end of the shank extending from

the stopper is attached to a length of polyethylene tubing

(6). This tubing is connected to the air syringe of the

gradient machine. The other arm of the T-tube is provided

with a piece of rubber tubing (3) which is closed with a

clamp immediately after the centrifuge tube is punctured.

The system is then essentially closed, and drops of the

tube contents pass through the hole in the bottom of the

tube only when pressure is supplied by a continuous and

uniform depresion of the plunger of the air syringe

(driven by a synchronous motor).

Part B: The puncturing device itself is constructed

of k inch Plexiglas. The two upper shelves of the appara-

tus are provided with holes to hold the tube snugly in

place. The bottom shelf (7) holds the puncturing needle,

diagramed in cross-section. A short piece of the shank of

a 17 gauge needle (4) is fitted into a hole in the shelf.

It is held tightly in place by soldering (5 upper bead)

it to a metal washer (6, head of thumb tack and then

rimming the upper end of the needle flush with the shelf

surface. Into this sleeve is then inser ed a somewhat

longer piece of 20-22 gauge needle (2 3); The doubly

tapered puncturing end of the needle (2) extends above the

shelf about 2-3.mm. .The puncturing needle (2 3) is held.

in place with a bead of solder (5, lower bead which at-

taches it to the rigid sleeve (4). If the needle requires

sharpening or replacement it can easily be removed by

melting this solder bead. To receive the centrifuge tube

and provide a good seal after it is punctured, the tip

of the needle is circled with a ring of vaseline on a

piece of Parafilm (1).
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equipped with a photomultiplier detector unit (139-0250) and a

model 159 recorder.

1. Cytochrome Q Oxidase activity was determined spectro-

photometrically according to the procedure outlined by L. Smith

(1955). The cytochrome c (Sigma Type III, from horse heart)

was reduced with hydrogen and palladium. The absorbance ratio

A55o/A565 for the reduced cytochrome c was usually at least

eight. The final concentration of reduced cytochrome c in the

assay mixture was 15‘pM. At this concentration the oxidation

of reduced cytochrome c by oxidase is a first order reaction

with respect to the cytochrome c concentration. The rate of

oxidation of reduced cytochrome c was determined by measuring

the decrease in absorbancy at 550mp. The reaction was allowed

to proceed for 3 minutes at 23°C.

A unit of cytochrome c oxidase activity is expressed as

a first order velocity constant of 1x10"2 sec'1 (k sec'l) for

the oxidation under the specified conditions.

2. ygggg Oxidase was assayed spectrophotometrically by the

method outlined in the Worthington Manual No. 11 (E.C. 1.7.3.3,

‘Worthington Biochemical Corp., Freehold, N.J.). Certain steps

in.the procedure were modified.

The uric acid substrate solution was prepared by mixing 4

\nalumes of borate buffer (0.125M sodium borate, pH 9.2) and 1

\nalume of uric acid stock (0.050 mg/ml, Stock No. 680-20 from

Sigma Chemical Co., St. Louis, Mos).

The reference cuvette was prepared by mixing 0.1 ml of the

fraction to be tested, 0.2 ml of 0.1N KCN, 0.7 ml HOH, and 2.0
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ml of uric acid substrate, in that order. The absorbancy at

293 mu‘was adjusted to 0.500.

To the test cuvette were added 0.2 ml uric acid substrate,

0.9 ml HOH, and 0.1 ml of the fraction. The decrease in absorb-

ancy was recorded at 23°C for 6-7 minutes. The disappearance

of 1.0 pg of uric acid/ml causes a drop in absorbancy at 293 mp

of 0.072 (1 cm light path). Using the molar absorbancy index

or uric acid (1.22 x 104 cm'l) the activity can readily be ex-

pressed in‘pM of uric acid oxidized per minute under the spec-

ified conditions. In this study a unit of activity is defined

as that amount of enzyme which oxidizes 1 mpM of uric acid per

minute.

3. Agig Phosphatase determinations were based on the direct

measurement of p-nitrophenol which is liberated upon hydrolysis

of the substrate p-nitrophenyl phosphate.

The assay mixture, with a final volume of 1.2 ml, contained

0.2 ml of the fraction to be tested, 2 mg of p-nitrophenyl phos-

phate (Sigma 104 Phosphatase Substrate), and citrate buffer at

a concentration of 0.0375M, pH 4.3. Following the recommenda-

tion of Wattiaux and de Duve (1956), the final reaction mixture

was made 0.1% (v/v) with respect to Triton X-100 in order to

obtain a more accurate estimate of the total acid phosphatase

activity. Calbiochem Acid Phosphatase Calsuls (capsules con-

taining buffer and p-nitrophenyl phosphate) were used for some

of the assays.

After 15 or 30 minutes of incubation in a 37°C water bath,

the reaction was stopped by adding 5.0 ml of 0.1N NaOH. The
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yellow color of the liberated p-nitrophenol develops immediately.

The absorbance at 410 mp was determined with a Bausch and Lamb

Spectronic 20 and the micromoles of p-nitrophenol were determined

from a standard curve prepared from a p-nitrophenol standard

solution (10 mM/ liter, Sigma Stock 104-1). One unit of enzyme

activity is expressed as 1.0 PM of p-nitrophenol liberated per

hour at 37°C.

Preliminary experiments showed that the absorbance due to

the 0.2 ml samples of fractions from sucrose density gradients

could be ignored. Corrections were made only for the absorban-

cy of samples of whole large granule fractions.

4. Ribonuclease was assayed by the method of Kalnitsky and

coworkers (1959) as described in the Worthington Manual No. 11

(E.C. 2.7.7.16, Worthington Biochemical Corp., Freehold, N.J.).

The substrate used was a 1% commercial grade yeast RNA (Sigma)

solution in 0.1M acetate buffer, pH 5.0. The assay depends on

a spectrophotometric measurement at 260 mp of the acid soluble

oligonucleotides liberated in 4 minutes at 37°C. The activity

is thus expressed in terms of the absorbancy increase at 260

179-1.

As a control on the procedure, standard RNase was processed

in the same manner as the test fractions (RNase-A from bovine

pancreas, Sigmanype III-A).
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III. BIOLOGICAL ASSAY

Samples of the cell fractions obtained as described in a

preceding section were injected into unfertilized eggs of the

leopard frog (Rang pipiens) in order to determine whether the

fractions contained material capable of inciting the eggs to

cleave.

Eggs of 3335 pipiens were obtained prior to the onset of

breeding season by the method of Rugh (1934). Immediately be-

fore the microinjection of a fraction, 30 to 50 eggs were ex-

truded onto a glass slide. Injections were performed as rap-

idly as possible and the slide with the injected eggs was

placed in a finger bowl containing aerated tap water at room

temperature (23-25°C). This operation required about 3 minutes

to perform. As a control on the viability of the eggs, gener-

ally 100 to 200 eggs were artificially inseminated (Rugh, 1934).

If fewer than 70% of the fertilized eggs cleaved, the results

of that experiment were discarded. The sucrose medium alone,

in which the fractions were suspended, was injected as a control.

If any sperm, blood cells or other tissue debris were present

which.might initiate cleavage, their presence would be detected

by this control.

Microinjections were performed with micropipettes fashioned

from.1.0 mm O.D. capillary tubing with the aid of a Livingston

pipette puller (Otto K. Hebel, Scientific Instruments, Rutledge,

Pa.). A different micropipette was used for each fraction in-

jected. A 30 ml B-D Plastipak Disposable Syringe equipped with

a 21 gauge needle was attached to one end of a length of Intra-
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medic polyethylene tubing (I.D. 0.030" x O.D. 0.048", Clay-

Adams, Inc., N.Y.). The syringe and tubing were filled with

distilled water to form a simple hydraulic system. The sys-

tem was completed by attaching the micropipette to the other

end of the tubing. Each micropipette was filled immediately

prior to an injection by immersing the tip of the pipette into

several drops of a fraction and withdrawing the plunger of the

syringe.

Injections were performed under a binocular dissecting

scope. If the tip of the pipette is fashioned properly, it will

readily penetrate the jelly enVelope and egg membrane. Pene-

tration into the egg was made in the animal hemisphere apart

from the area of the second meiotic metaphase spindle (Tchou Su

and Chen, 1940). After the pipette was partially withdrawn

from the egg, a brief pulse of firm pressure to the plunger of

the syringe was generally sufficient to introduce about 0.04 pl

of material into the egg.

The injection procedure itself activates the egg without

stimulating it to cleave, unless cleavage-initiating material is

introduced in the process. Following activation many eggs‘will

exhibit a superficial wrinkling effect and some may undergo one

or two irregular cleavages and then cease dividing. To avoid

confusing true cell division with these aberrant forms, the

embryos were observed at the blastula stage (Stages 8-9, Shumway,

1940). Following injection of fractions containing cleavage-

initiating material, partial cleavage was frequently observed.

In such embryos normal cleavage occurred in only part of the em-
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bryo. The remaining surface was totally noncellular and there

was an abrupt boundary between the fully cleaved and totally

uncleaved regions (Fig. 2). The cells were typical in size and

appearance of mid or late blastulae. Blastomeres in similar

cases have been shown by Frazier (1951) and Ramirez and Huff

(1967) to be almost entirely nucleated. Such embryos will be

referred to as "partial blastulae". The types of embryos thhs

obtained ranged from partial blastulae with only a small cleaved

patch of very few cells in the animal hemisphere to partial

blastulae with a small uncleaved patch generally in the yolk

region. Occasionally, normal appearing blastulae were also

observed. In some experiments the blastulae were scored accord-

ing to the approximate proportion of the surface area which

cleaved, i.e. >0-1/4, >l/4-1/2, >1/2-3/4, and >3/4-total (Fig.

2).

IV. PRESENTATION OF DATA

The wet weight of the tissue processed was used as a crude

reference standard to express the relative concentration of the

material injected. For example, with reference to a particular

subcellular fraction, the ratio 1:3 indicates that for each gram

of tissue processed the fraction is suspended in 3 ml of sucrose

medium. If 1 ml of this suspension is diluted with 3 ml of

medium, the concentration is then denoted as 1:15.

Other details concerning the presentation of data will be

given in the appropriate section on results.
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Figure 2. Parthenogenetic blastulae. Eggs were

examined approximately 10-12 hours after being injected.

1 and 2: [>0-1/4 blastulae. Blastomeres in both

partial blastulae cover only a small portion of the to-

tal egg surface. Note the sharp demarcation between the

blastomeres and uncleaved surface of the egg in embryo 2.

3: >0-1/4 blastula. Note the small patch of

blastomeres.

4 and 5: >3/4-total blastulae. Most of the sur-

face of the eggs is covered with blastomeres. A small

uncleaved portion of the surface is visible in embryo 4.

6 and 7: No cleavage. Eggs exhibit superficial

furrowing and aberrant cleavages. The photograph includes

> 1/2 blastulae.
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RESULTS

The results obtained in this study are divided into two

major sections. The first is concerned with the biochemical

and biological assays of fractions obtained by differential

centrifugation. The second considers the results of an analy-

sis of fractions obtained by sucrose density gradient centri-

fugation.

I. FRACTIONATION BY DIFFERENTIAL CENTRIFUGATION

The cleavage-initiating (CI) capacity of the subcellular

fractions of a variety of tissues has already been described

(Shaver, 1953). The subsequent development of more refined

isolation techniques using sucrose media made a more thorough

study of this problem feasible.

Shaver (1953) showed that the large granule fraction (sed-

imented in 0.005M phosphate buffer, pH 7.3 at 3000-8000g, 20

min.) of cells was the most active in initiating cleavage. The

results which follow support the conclusion that CI activity is

associated only with cytoplasmic particles and predominantly or

exclusively with the large granular elements. Most of the sub-

sequent experiments are involved with an analysis of this large

granular fraction.

Of the 674 eggs injected with suspension medium alone,

none cleaved. Included in the media injected were the unbuf-

fered sucrose-EDTA (SE) and phosphate buffered sucrose (SEP)

media with the concentration of the sucrose at 0.04, 0.25, or

0.7 molar,

-24-
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A. Selection 2; Liver g; the Source 2; Cleavage-Initiating

Material

Fractions from heart, brain, and liver tissue of the adult

frog (Rang pipiens) were initially injected to test for the

presence of CI material (Table I). Fractions from these three

tissues were prepared in 0.25 SEP medium according to the dif-

ferential centrifugation scheme outlined in the seetion on

Methods. In all the tissues the greatest activity was found in

Table I. Cleavage-initiating activity of the large granule

fraction and supernatant fluids prepared in 0.25 SEP

from heart, brain, and liver of the frog.8

 

 

 

Tissue Fractions injectedb

S1 S2 S3 P3

Heart No. eggs 26(1)c --- 49(1) 66(1)

1 cleaving 0 6.1 24.2

Brain No. eggs 32(1) 52(1) 46(1) 338(4)

% cleaving 18.8 .1.9 6.5 30.2

Liver No. eggs --- --- --- 285(3)

% cleaving 30.2

a
Fractionation by the differential centrifugation scheme in

Methods.

b All fractions had a relative concentration of 1:10. The sym-

bols represent the following: 81, 2000g supernatant; S

20,000g supernatant; S3, 10 000g supernatant; P3, 10,000g pel-

let (large granule fraction .

c Number in parentheses denotes the number of frogs from.which

eggs were obtained.

the final large granule fraction (P3) sedimented at 10,000g.

Injection 0f P3 from heart stimulated cleavage in 24% of the
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eggs. The CI activity of P3 from liver was identical to that

from.brain (30%). In later experiments injections of dilutions

and subfractions of P3 from liver frequently resulted in more

than 40% of the eggs cleaving. Since liver is easier to homo-

genize than heart tissue and can be more readily obtained than

brain tissue in large quantities, it was selected as the source

of cleavage-initiating material for all subsequent experiments.

B. Localization pg Cleavage-Initiating Material 1p the Large

Particulate Cell Components

1. Cleavage-Initiating Activity - In a preliminary experi-

ment brain tissue was fractionated by a more conventional scheme

of differential centrifugation similar to the one proposed by

Schneider (1948) and Schneider and Hogeboom (1950) for rat liv-

er. The 0.25M sucrose medium used by these authors was modi-

fied by the addition of 0.0001M EDTA and 0.012M phosphate buffer,

pH 7.3. The results in Table II show the drop in CI activity of

the large granule suspension upon dilution. The injections in

Tables III and IV were of large granules (P3) obtained from liv-

er by means of the scheme outlined in Methods. The percentages

of cleavage obtained upon injecting dilutions of these suspen-

sions indicate that a greater concentration of CI material is

obtained by this method of fractionation. It was therefore the

method used in all subsequent experiments, unless otherwise

noted.

The data from Tables 11, III, and IV demonstrate the lack

of CI material in post large granule fractions. The 20,000g

supernatants ($2) of two preparations (Table 111, 0.70 SEP;
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Table IV, 0.25 SEP) and dilutions thereof were unable to initiate

cleavage. The absorbancies of the various suspensions in Table

Table II. Cleavage-initiating activity and absorbancy at 550 mp

of large granule and small granule fractions prepared

in a 0.25M sucrose medium from frog brain.

 

Fractions injected

 

  

8000g pellet 20,000g pellet

Rel. concn. 1:7 1:39 1:199 1:7

No. eggs 206(5)b 132(3) 109(3) 122(3) '

% cleaving 34.0 16.7 3.7 0

A550 mp .975 .230 .045 .170

 

a See text for detailscm medium composition and fractionation

procedure.

b See Table I.

II were measured at 550 my to give an estimate of the relative

particle concentration. The data in this table show that the

1:7 and 1:39 suspensions of the 8000g pellet (large granules)

were very active as CI agents. However, the pellet obtained by

centrifuging the 8000g supernatant at 20,000g contained no CI

activity in spite of the fact that the apparent particle concen-

tration of the 20,000g pellet suspension (A550 = 0.170) approached

that of the 1:39 suspension of the 8000g pellet (A550 = 0.230).

Centrifuging the 2000g supernatant, according to the usual

scheme of fractionation (Methods), at 20,000g in either the 0.25
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SEP or 0.7 SEP media yielded a pellet which was rich in CI activ-

ity. The activities of various dilutions of the supernatants

(S3) and pellets (P3) obtained by a 10,000g centrifugation of the

resuspended 20,000g pellets are shown in Tables III and IV. The

data illustrate the effect that the density of the suspension

Table III. Cleavage-initiating activity of the large granule

fraction and supernatant fluids prepared in 0.7 SEP

medium from frog liver.a

 

 

Rel. concn. Fraction injectedb

81 82 S3 P3

1:3 0

1:15 32.4 8.9

1:29 4.1 0

1:63 22.0

1:159 41.2

1:255 24.4

1:299 32.5 0

1:1023 17.2

 

a Fractionation by the differential centrifugation scheme in

Methods. The data are expressed as the percentages of eggs

which cleave after injection. Each percentage value is based

on an average sample size of 40 eggs (31-49) from one frog.

b Fractionation symbols are explained in Table I and Methods.

medium has on the centrifugal distribution of the CI material.

If the pellet (20,000g) is resuspended in 0.7 SEP and centrifuged

at 10,000g, both the resultant supernatant (S3) and the pellet

(P3) are very active in stimulating cleavage. On the other hand,

if the suspension medium is 0.25 SEP, 33 has little activity

(max. of 20.5% at 1:11 concn.). Mest of the activity sediments

(max. of 50.0% cleavage at 1:447 concn.) in this medium.
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Another phenomenon of interest is apparent from the data

in Tables III and 1V; namely, if the concentration of CI mate-

rial injected is too great, its effectiveness in initiating

cleavage is markedly reduced. This aspect of the problem will

be dealt with separately in a subsequent section.

Table IV. Cleavage-initiating activity of the large granule

fraction and supernatant fluids prepared in 0.25

SEP medium from frog liver.a

 

 

Rel. concn. Fractions injectedB-

SI 52 33 P3

1:6 7.7

1:11' 20.5

1:24-1:27 8.6 0 22.9

1:47* 0

1:99-1:111 28.2 0 36.8

1:191 4.3

1:399-1:447 39.0 0 50.0

1:767 0

1:1599-1:1791 11.5 10.5

1:3071 0

 

a Fractionation by the differential centrifugation scheme in

Methods. The data are expressed as the percentages of eggs

which cleave after injection. Each percentage value is based

on an average sample size of 41 eggs (35-52) from one frog.

b Fraction symbols are explained in Table I and Methods.

2. 52;; Phosphatase Apppy,- Assays for acid phosphatase in

the supernatants (S3) and pellets (P3) of the 10,000g centri-

fugation (Tables III and IV) revealed that 48.8% of the activity

sediments in 0.7 SEP medium whereas in 0.25 SEP medium 71.4% is

Sedimented (Table V). There is thus a marked difference in the

partitioning of the enzyme in the two media. If one wishes to
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compare the distribution of this marker enzyme with that of the

cleavage-initiating activity, however, it is important to con—

sider the activity per milliliter of the fractions rather than

the total recovery, since the former represents each fraction

as injected at its maximum concentration into the egg.

Table V. Effect of suspension medium on the distribution of

acid phosphatase activity following centrifugation.

 

  

Medium 533 P3

Acid Pasg Total Acid Pase Total

units/ml activityc units/ml activity

0.25 SEP 0.72 57.6 3.55 142.0

0.7 SEP 0.37 29.6 1.88 28.2

 

and P3 represent the supernatants and pellets of the

810,OOOg centrifugations of Tables III and IV.

b Unit of activity defined in Methods. Assay performed with

Calbiochem Calsuls, without Triton X-100.

c Units/ml times total ml of fraction.

The activity per milliliter in the pellet resuspended in

0.7 SEP (P3) is 5.1 times the activity per milliliter in the

supernatant (83), whereas in the 0.25 SEP medium the activity

per milliliter of the resuspended pellet exceeds that of the

supernatant by a factor of 4.9. The activities of the pellet

and supernatant of the 0.25 SEP both exceeded the activities in

the respective fractions in 0.7 SEP by a factor of two. No ob-

vious correlation between the acid phosphatase concentration

and cleavage-initiating activity of the fractions is apparent.
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3. Assays gpp_Cytoghrome Oxidase Activity were performed

on fractions SI, 82, S3, and P3 of Tables III. Table VI lists

the total and specific activities of cytochrome oxidase as well

as the activity per milliliter of each of the fractions. It is

Tables VI. Activity of cytochrOme oxidase in subcellular frac-

tions prepared in 0.7 SEP medium from frog liver by

differential centrifugation.a

 

 

Fraction Units/mlb Tot. act.c Sp. act.d

$1 4.1 615.0 0.70

82 1.2 180.0 0.24

53 1.3 97.5 4.48
p3 20.9 313.5 13.03

 

a Fractions analyzed are samples of the ones tested for

cleavage-initiating activity in Table III.

b Units of Cytochrome oxidase activity defined in Methods and

Materials.

c Product of the units/ml of a fraction times the theoretical

volume of the fraction.

Units of activity per mg of protein in the fraction.

obvious from these data that the large granule pellet is enriched

with mitochondria. It is significant, however, that following

centrifugation for 1 hour at 20,000g the supernatant (82) still

contained considerable cytochrome oxidase activity and thus pre-

sumably mitochondria. The level of activity per milliliter was

comparable to that present in the S3 fraction. As observed in

Table III, however, 82 contained no cleavage-initiating activ-

ity while considerable activity was present in $3.
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C. Cleavage-Initiating Material ;3 Microsomal Fraction

Another fractionation scheme was employed and the results

obtained are shown in Table VII. The procedure used is a mod-

ification of one described by Allfrey (1959) and based on the

methods recommended by Hogeboom (1955) and Schneider and Hogeboom

(1950). The scheme was intended to yield a small granule or

microsomal fraction. The 0.25 SE medium was used throughout the

entire procedure.

The sediments from three initial centrifugations at 700g,

for 10 minutes each, were discarded. Centrifugations at 5000g

for 10 minutes and 10,000g for 15 minutes yielded pellet frac-

tions P1 and P2, respectively. The supernatant of the latter

was further fractionated in the Spinco Model L ultracentrifuge

equipped with the No. 40 rotor. A centrifugation at 56,593gmax

for 60 minutes yielded a supernatant (S3) and pellet which was

resuspended in sucrose medium and centrifuged at 144,880gmax.

The resulting supernatant and pellet (resuspended) were desig-

nated S4 and P4, respectively.

The absorbancies at 260 mp of the various fractions and the

percentages of cleavage obtained by injecting these fractions

into eggs are shown in Table VII.

The bulk of the cleavage-initiating activity again sedi-

mented with.the large granular material at 5000 and 10,000g.

While dilutions of the various fractions were not injected to

ensure that a maximum percentage of cleavage was obtained, there

was some degree of certainty that a near optimum concentration

was injected since the blastulae that resulted were of a gener-
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ally high quality. The correlation between blastula quality

and the concentration of cleavage-initiating material will be

further analyzed in a subsequent section.

Table VII. Cleavage-initiating activity and absorbancy at 260

of a microsomal and other subcellular fractions

prepared in 0.25 SE medium from frog liver.a.

 

Fractions injectedb

 

% cleavingc 44.1 50.4 0 12.7 0

A260/1113 prorein 2.52 3.11 1.22 2.51 ---

 

a See text for details of fractionation procedure.

b Symbols are explained in the text. The protein concentration

of each fraction adjusted to 0.90 mg/ml by appropriate dilu-

tion prior to injection.

c Each percenta e value is based on an average total of 134

eggs (126-141 from two frogs.

D. Cleavage-Initiating Activity 2; Nuclear Fractions

Several nuclear fractions were prepared in an effort to

discount the possibility that fragments of the nuclear membranes

or other nuclear constituents were the active factor in the

large granule fraction by virtue of their adsorption to the com-

ponents of that fraction.

A crude sample of nuclei was prepared from the pellet of

a 2000g centrifugation of a liver homogenate in 0.25 SEP. The

pellet, resuspended in 0.25 SEP, was centrifuged at 1000g for 10

ndnutes. The resulting pellet was again suspended in sucrose

media and filtered through several thicknesses of cheesecloth.
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The centrifugation at 1000g for 10 minutes and filtration was

repeated twice more. The final suspension of nuclei in 0.25

SEP contained 0.11 mg protein per ml of suspension. As expected

for a preparation of liver nuclei in sucrose medium, the sus-

pension was heavily cOntaminated with whole cells and cyto-

plasmic fragments (Allfrey, 1959, p. 250). Of 50 eggs injected

with this suspension, only one cleaved. In the same experiment,

injection of a large granule fraction rich in cleavage-initi-

ating material incited 26 of 77 eggs to cleave.

A very clean preparation of nuclei from frog liver was ob-

tained in citric acid solutions by the method of Mirsky and

Pollister (1946). Portions of the final nuclear pellet were

resuspended in a variety of media including 2% citric acid at

pH 2-3; 0.1M phosphate buffer, pH 7.0-7.2; and 0.25M sucrose,

pH 3-4, plus combinations and dilutions of the preceding. In

addition two of the suspensions were briefly treated with ultr-

sound. Material from a large granule fraction was injected into

52 eggs as a control. Of these, 24 cleaved. Of a total of 310

eggs injected with suspended nuclei or nuclear fragments, only

2 cleaved. As noted earlier by Shaver (unpublished observations)

eggs injected with suspensions of nuclei displayed a higher fre-

quency of superficial furrowing and abortive cleavages than

those injected with only sucrose media or phosphate buffer.

E. Summary

Frog liver was selected as the source of cleavage-initiating

material for experimental purposes. Fractionation of this mate-

rial by differential centrifugation revealed that all detectable
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cleavage-initiating activity sediments with granules in both

the 0.25 and 0.7 SEP media when centrifuged at 20,000g for 1

hour. Centrifugation at 10,000g for 40 minutes also sediments

most of the activity in the 0.25 SEP medium. In the 0.7 SEP

medium, however, considerable activity remains in the superna-

tant. There was no obvious correlation between the centrifugal

partitioning of the cleavage-initiating activity and the acid

phosphatase activity (lysosomes) in these experiments. It may

be recalled here that the reaction mixtures for the acid phos-

phatase assays did not contain Triton X-100.

The cleavage-initiating activity of a microsomal fraction

sedimented at 56,593g (1 hour) was approximately one-fourth

that of large granule fractions sedimented at 5000g (10 min.)

and 10,000g (15 min.).

The injection of nuclear fractions prepared in sucrose or

citric acid media did not stimulate cleavage.

II. TREATMENT OF THE LARGE GRANULE FRACTION

A. Freeze-Thaw Treatment

1. Preparation - In one experiment frozen-thawed material

was prepared by freezing a sample of a 0.25 SEP large granule

fraction (P3, obtained by the standard procedure) in a dry ice-

acetone mixture for 5 minutes. The frozen material was thawed

at room.temperature for 45 minutes to 20°C. The freeze-thawing

was repeated once and a sample of this suspension (FT) was in-

jected. The remaining suspension was centrifuged at 20,000g
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for 45 minutes. The supernatant (FTS) and pellet, resuspended

in 0.25 SEP, (FTP) were also injected.

2. Cleavage-Initiating Activity - A total of 756 eggs from

four frogs were injected with non-treated P3 material. The

number of eggs cleaving was generally very low, except for one

frog in which the maximum percentage of cleavage obtained was

34.6 (the relative concentration of cleavagerinitiating material

was 1:11). The maximum percentages of cleavage obtained in oth-

er batches of eggs injected with P3 were 8.2, 4.3, and O. Nev-

ertheless, of the 652 eggs injected with the frozen-thawed mate-

rial (FT, FTS, and FTP) over the concentration range of 1:2 to

1:767, none cleaved.

In a subsequent experiment a portion of the large granule

fraction (P3) from Table III was diluted with respect to the

concentration of sucrose by adding an EDTA-Phosphate buffer sol-

ution to yield 0.04 SEP. This suspension in hypotonic medium

was then treated by freeze-thawing and centrifuged in the same

manner as the material in the preceding experiment.

As shown in Table III, eggs cleaved when injected with the

P3 suspension at the relative concentrations of 1:15, 1:63,

1:255, and 1:1023. The frozen-thawed fractions in hypotonic

tnedia were injected at the relative concentrations of 1:18, 1:75,

and 1:303 into a total of 337 eggs. In spite of the fact that

these concentrations are within the range of concentrations of

the injected P3, none of the eggs injected with this treated ma-

terial cleaved.
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3. Solubilizgtion pf Particle-Associated Constituents -

Analyses for protein and acid phosphatase were performed on the

treated material from both experiments described above to deter-

mine to what extent the particle bound molecules were released

into solution by the treatment. In addition, cytochrome oxidase

determinations were performed on the material of the second ex-

periment. The pertinent results are tabulated in Table VIII.

Table VIII. Release of protein and enzymes from large granules

by freeze-thaw treatment.

 

  

I II

0.25 SEP medium 0.04 SEP medium

FTSa FTP FTS FTP

Protein

Totalb 5.33 20.0 3.00 6.00

% releasec 21.0 33.3

Acid Phosphatase

Total act. 6.24 29.1 2.10 9.60

% release 17.7 17.9

Cyto. c Oxidase

Total act. --- --- 0 14.1

% release 0

 

a FTS and FTP refer to the 20,000g supernatant and pellet, re-

spectively.

b Expressed in milligrams of protein.

C FTS/(FTS + FTP) times 100.

Enzyme activity expressed in units defined in Methods. Acid

phosphatase assayed with Calbiochem Calsuls, without Triton

X-100.
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It is apparent from the data in Table VIII that the re-

lease of acid phosphatase from particles (presumably lysosomes)

is not readily effected by freeze-thaw treatment. The concentra-

tions of sucrose in the media apparently had no effect on the

amount of acid phosphatase released. This is indicated by the

fact that 17.7% of the enzyme was solubilized in the 0.25 SEP

medium and 17.9% in the 0.04 SEP medium upon freeze-thawing, in

spite of the fact that 1.5 times as much protein was released in

the hypotonic medium as in the 0.25 SEP medium. None of the

cytochrome oxidase was solubilized by the freeze-thaw treatments.

B. Ulppasound Treatment

1. Preparation - A portion of the large granule fraction

(P3) in 0.25 SEP from the experiment of Table IV was subjected

to sonic disruption for 3 minutes in a Raytheon Sonic Oscillator,

with a 250 watt output. The insonated suspension (son) was cen-

trifuged at 20,000g for 60 minutes to yield a supernatnat (sons)

and pellet, which.was resuspended in 0.25 SEP (sonP). The tem-

perature of the suspension during insonation increased from 1°

to 7°C.

2. Cleavage-Initiating Activity - The results obtained by

injecting various dilutions of this material into eggs are shown

in Table IX. The table shows that the CI activity of the un-

treated P3 fraction was maximum when its relative concentration

was 1:447. After being insonated, however, the P3 material was

most effective at a much higher concentration (1:27). Further

dilution decreased its ability to initiate cleavage.
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Cleavage-initiating activity of insonated large gran-

ule fractions prepared in 0.25 SEP from frog liver.

 

Rel. concn. Fractions injectedb

 

 

P3 son sonS sonP

1:6 7.7 17.1 4.7 3.1

1:27 22.9 28.2 0 35.9

1:111 36.8 23.9 0 25.6

1:447 50.0 13.2 0 2.7

1:1791 10.5 8.2 --- ---

a Large granule fraction obtained by the differential centrifu-

gation scheme outlined in Methods. The data are expressed as

percentages of eggs cleaving. Each percentage value for the

injection of the insonated material is based on an average

sample size of 40 eggs (32-49) from the same frog used in

Table IV.

b
P , son, sonS, sonP represent, respectively, the large granule

fraction, insonated large granule fraction, and supernatant

and pellet of the insonated material centrifuged at 20,000g

for 60 minutes.

Subjecting the large granule fraction to sonic disruption

for 3 minutes apparently either destroyed some of the cleavage-

initiating material or released an inhibitor of the activity.

The latter view is unlikely since the washed insonated particu-

late material (sonP) had a level of activity comparable to that

of the uncentrifuged insonated material (son). The supernatant

(sonS) contained very little activity (4.7% at 1:6). It is pos-

sible that the structural integrity of the particles, which is

disrupted by insonation, is important to the CI capacity of the

particles.

If we assume that the concentrations of CI agents in the

1:27 sonP suspension and the 1:447 P3 BUBP9n810n are about the
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same, then it is reasonable to estimate that more than 90% of

the CI material was destroyed by treatment for 3 minutes with

ultrasound.

3. Solubilization p£,Particle-Associated Constituents -

Determination were made of the extent to which some of the con-

stituents associated with sedimentable particles were rendered

soluble by sonic disruption.

A total 1.00 mg protein and 3.60 units of acid phosphatase

activity were recovered in the supernatant and pellet of the in-

sonated material described in Table IX. Of these, 55% and 52%,

respectively, were released into the supernatant.

A more detailed analysis of the release of particle bound

protein, acid phosphatase, and cytochrome c oxidase with time

was performed on a large granule suspension prepared in 0.7 SEP

medium, Treatment of this preparation with ultrasound was as

described for the experiment in Table IX except that samples were

taken at times 0, 30, 60, 120, and 240 seconds of insonation.

The percentages of protein and enzymes released into the 20,000g

supernatant are plotted versus time of insonation in Figure 3.

The total protein and enzyme activities/ml (combined pellet

and supernatant values, sonP plus sonS), determined at insona-

tion times of 0, 30, 60, 120, and 240 seconds were as follows:

protein- 0.82, 0.85, 0.88, 0.88, and 0.88 mg; acid phosphatase-

2.67, 2.12, 2.09, 1.94, and 1.91 units; cytochrome c oxidase-

9.9, 7.7, 7.0, and 8.2 units. Determinations of these constit-

uents were performed as described in Methods except that acid

‘phosphatase assays were performed with Calbiochem.Calsuls with-
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Figure 3, Release of protein and enzymes from large

granules by treatment with ultrasound. The data are re-

corded as percentages of protein, acid phosphatase, and

cytochrome c oxidase released into the supernatant upon

insonation of a large granule fraction prepared in 0.7

SEP from frog liver. The percentage release was calcu-

lated from the ratio of the activity per ml in the super-

natant to the activity per ml in the pellet plus the

supernatant, sonS/(sonS + sonP) times 100.
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out Triton X-100.

The release of acid phosphatase closely parallels the re-

lease of protein whereas that of cytochrome oxidase is more re-

sistant to sonic disruption. For example, after 2 minutes of

insonation 56% of the protein and 57% of the acid phosphatase

were released into the supernatant. Only 23% of the cytochrome

oxidase, however, was released from the mitochondria. After 4

minutes of insonation the 3 constituents were solubilized to

approximately the same extent with 72, 77, and 67% of the pro-

tein, acid phosphatase, and cytochrome oxidase, respectively,

being released.

Since Triton X-100 was not used in the acid phosphatase

assay mixture, estimates of the activity of this enzyme in the

various pellets probably were somewhat low and the deviations

from the real values more variable. This may account for the

more erratic distribution of points for the acid phosphatase.

C. The Effect 2; Aging

1. Cleavage-Initiating Activity - The effect of storage at

2-3°C on the CI activity of the large granule fraction was in-

vestigated. A fraction was prepared at 1:34 relative concentra-

tion in 0.7 SE medium according to the procedure outlined in the

section on Methods. This preparation was injected into the eggs

of a different frog each day for three days. After one day of

storage, the large granule fraction incited cleavage in 47.7%

of the 44 injected eggs, after two days, 32.7% of 49 eggs, and

after three days, 6.4% of 47 eggs. The deleterious effect of

storage is apparent by the third day. These results must be
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qualified, however, by the fact that different frogs were used

as the source of eggs on different days. It is known that the

cleavage response of batches of eggs from different frogs is

variable.

In another experiment fractions were prepared similarly in

0.7 SE (rel. concn. 2:1) on four different days to yield large

granule fractions that were 1, 10, 24, and 30 days old. The re-

sults of injecting these fractions at three concentrations each

into the eggs of one frog are shown in Table X.

It is apparent from the data that there is a considerable

decrease with age in the ability of the active fraction to ini-

tiate cleavage. The comparability of the results obtained by

injecting the variously aged fractions is strengthened by the

fact that all injections were made into eggs from one frog.

Furthermore, while the time involved in injections spanned 2.5

hours, the 30 day old fraction was injected first and the 1 day

fraction last. The possibility that a decrease in the viability

Table X. -Cleavage-initiating activity of large granule fractions

prepared in 0.7 SE from frog liver and aged for 1,

10, 24, and 30 days at 2-3°C.

T— 

 

Rel. concn. Age in days

1 10 24 30

2:1 14.0 9.1 1.6 0

1:5 35.3 12.8 0 0

1:23 59.2 ' 0 2.2 0

 

a The data are expressed as percentages of eggs cleaving. Each

value is based on an average sample size of 53 eggs (45-64)

from one frog.
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of the eggs during the injection period accounted for the above

results is therefore unlikely.

2. Protein Hydrolysis during Storage - An analysis was per-

formed to determine if any marked breakdown of protein constit-

uents occurred during the storage period. Digestion of active

materials by proteases from lysosomes, for example, might account

for the decrease in activity with time.

Samples of the different age fractions were made 5% with

respect to trichloroacetic acid (TCA). The cold sample-TCA mix-

tures were centrifuged to yield TCA-soluble and TCA-insoluble

fractions. The fractions were colorimetrically analyzed for

the content of materials sensitive to the Folin-Ciocalteu Phenol

reagent by the method of Lowry, 25.31; (1951). If extensive

hydrolysis of protein occurs during storage, it should be re-

flected in the ratio of the color intensity in the TCA-soluble

fraction to that in the TCA-insoluble plus soluble fractions.

The percentage of release of materials (e.g. tyrosine and tryp-

tophan) sensitive to the reagent is calulated from this ratio.

In the large granule fractions aged for 1, 10, 24, and 30 days

the percentages of TCA-soluble material were 17.5, 23.5, 16.8,

and 26.0 respectively. No definite relation of these percent-

ages with the age and cleavage-initiating capacity of the sam-

ples is obvious.

This does not, however, preclude the possibility that such

a correlation does exist. Small differences in the preparation

of each large granule fraction could have overshadowed the dif-

ferences from aging. Thus the same preparation should be the



-45-

source of samples at all ages. Furthermore, although protein

hydrolysis may be a significant factor in reducing the cleavage-

initiating activity its level may be too low to be readily de-

tectable. Such an analysis would be most useful if performed

on a more highly purified preparation of the active component or

components.

D. The Effect Lf Heating Ln the Cleavage--Initiating Capacity

Lf"LppggGranule Fractions

Shaver (1951) has shown that heating large granule frac-

tions from frog testes to 55°C and 60°C for 1 minute will de-

stroy their cleavage-initiating activity. Heating the fractions

at 52°C for 10, 20, or 30 minutes, however, did not reduce but

in fact increased their activity. Incubation for 60 minutes at

this temperature destroyed most of the activity in the fraction.

Table XI. Cleavage-initiating activity of untreated and sper-

mine treated large granule fractions prepared in 0. 7

SE from frog liver and heated to 52°C.8

 

 

Rel. concn. Time in minutes at 52°C

0 10 20 4O

-sb +s -s -s -s +s

1:9 17.0 3.8 0 O 0 0

1: 37 31.6 17.5 0 0 O 1.0

 

a Percentage values from the injection of material at 1:37 con-

centration, heated for 0 and 40 minutes and untreated or

treated with spermine, are based on an average sample size of

99 eggs (95-103) from.two frogs. Other values are based on

an average of 59 eggs (53-64) from one of the frogs.

b -S and +8 signify untreated or spermine treated fractions,

respectively.
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An experiment was performed to determine the thermolability

of the large granule fraction prepared in 0.7 SE from liver.

The fraction at a relative concentration of about 1:1 was incu-

bated in 4 ml quantities for 0, 10, 20, and 40 minutes in a 52°C

water bath. As seen in Table XI, heating for 10 minutes was

sufficient to completely destroy the effectiveness of the frac-

tion at the concentrations injected. This apparent contradic-

tion with Shaver's results will be considered in the discussion.

E. T 2 Effect 2; Spermine pp Cleavage Initiation

Shaver (1951) showed that when active cell fractions are

incubated with 0.001% RNase for 10,minutes at 52°C their CI ac-

tivity is completely lost. It is important to note here that

this enzyme exerts a powerful antimitotic activity in a variety

of systems, including amphibian eggs (Thomas, pp pL‘, 1946;

Ledoux, 25,3;y, 1954; Ledoux, pp pLL, 1955). Although the

treated fractions in Shaver's experiments were washed prior to

being injected into eggs, the possibility was entertained that

RNase was still retained on the particles. Addition of RNase

inhibitors to the treated and washed fraction prior to injecting

it was therefore considered.

Briggs (personal communication) has found that bentonite

and macaloid, known RNase inhibitors, are very toxic to amphibian

eggs. Eggs injected with material treated with these inhibitors

cleaved abortively. The effectiveness of spermine in inhibiting

RNase activity has been demonstrated by Keister (1958). Before

performing experiments which utilized the RNase inhibitory ca-

pacity of this amine it was necessary to determine its effect
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on the cleavage response of the recipient egg. For this purpose

a sample of the large granule fraction of Table XI was made

3 x 10'4M‘with respect to spermine (Nutritional Biochemical

Corp., Cleveland, Ohio), adjusted to pH 7.0-7.2, and incubated

at 52°C for 0 and 40 minutes. The reduction in the percentage

of eggs which cleave (Table XI) makes it apparent that spermine

has a detrimental effect on either the cleaving ability of the

egg or the cleavage-initiating capacity of the large granule

fraction. Of the 61 control eggs injected with 3 x 10'4M sper-

mine in 0.7 SE adjusted to pH 7.0-7.2, none cleaved. A further

analysis of this problem was deferred.

F. Summary

The cleavage-initiating activity of a large granule frac-

tion in 0.25 SEP or 0.04 SEP is completely destroyed or inhib-

ited by freeze-thaw treatment. The extent to which cell partic-

ulates are disrupted by this treatment (as indicated by the sol-

ubilization of protein, acid phosphatase, and cytochrome oxidase)

does not correlate well with-the destruction of cleavage-initi-

ating activity. In 0.25 SEP 21% and 18% of the protein and

acid phosphatase, respectively, are solubilized; in 0.04 SEP

33%, 18%, and 0% of the protein, acid phoSphatase, and cytochrome

oxidase, respectively, are released into solution.

Insonation for three minutes destroys more than 90% of the

cleavage-initiating material, and releases into solution about

65-70% of the protein and acid phosphatase. Only about 40% of

the cytochrome oxidase is solubilized, however.
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Storage of the large granule fraction at 2-3°C for three

or more days results in a marked decrease in its cleavage-ini-

tiating activity. No correlation of this reduction in activity

with protein hydrolysis is apparent.

No cleavage-initiating activity is detectable in a 1:1

large granule fraction heated for 10 minutes at 52°C and in-

jected at concentrations of 1:9 and 1:37.

Spermine added to a large granule fraction reduces the per-

centage of eggs which cleave when injected with this mixture.

111. RELATION OF PERCENTAGE OF EGGS WHICH CLEAVE AND THE

QUALITY OF BLASTULAE TO THE CONCENTRATION OF LARGE

GRANULES IN THE INJECTED FRACTIONS

Results presented thus far have indicated a dependency of

the cleavage-initiating effectiveness of a large granule frac-

tion on its concentration. Brief mention was also made of a re-

lation between the quality of blastulae resulting from the in-

jection of an active fraction and the concentration of granules

in that fraction. A more detailed analysis of these observations

follows.

A. Calculations and Recording 2; Data
 

Blastulae at 12-16 hours were scored as 1/4, 1/2, 3/4, or

1 according to whether blastomeres occupied 0( to 1/4, 1/4<to

1/2, 1/2<(to 3/4, or 3/4<:to all of the egg surface, respectively.

The data presented in the graphs of Figure 4 were based on re-

sults pooled from all experiments in which the blastulae were

scored in this manner. These include results from some of the
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differential centrifugation experiments already reported. Most

of the data included in this analysis were however based on the

results obtained by injecting fractions from sucrose density

gradient centrifugations. Results of this method of fractiona-

tion will be presented in detail in subsequent sections.

The analysis was based on the results of injecting CI ma-

terial with relative concentrations ranging from 2:1 to 1:4007.

The concentration of a particulate fraction obtained by differ-

ential centrifuation was determined as previously described in

Part IV of Methods. It was necessary, however, to calculate

the concentrations of particulate fractions obtained from sucrose

density gradient centrifugations by an indirect method.

This approximation was dependent on the following known

factors: 1) The relative concentration of the large granule frac-

tion applied to the gradient. This was expressed as a fraction

and denoted Ca; 2) The volume of the fraction applied to the

gradient, Va; 3) The volume of each of the fractions recovered

from the gradient. Since the same number of drops was collected

for each fraction, the volume of all fractions is assumed to be

equal, and is denoted as y; and 4) The percentage of the total

recovered protein found in each gradient fraction.

From this information we can establish the equation

CaVa = viii, where c1 signifies the relative concentration (ex-

pressed as a numerical fraction) of CI material in each gradient

fraction, and 2C1 = c1 4» c2 + ... + °11 or °12° For each gra-

dient, then, Cth/v equals a constant, k.

The assumption was made that the distribution of protein in
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the gradient reflects the distribution of granular material.

Thus, C, can be calculated as the product of (% protein in

fraction i/100)(k). A simple calculation follows:1ftherelative

concentration of a large granule fraction is 1:1 (C8 = k) and

0.6 ml (Va) of this material is layered over a gradient, then

CaVa = 0.30. If 12 fractions of 0.4 ml each (v) are collected

than k = CaVa/v = 0.75 =Zci. If 20% of the total recoverable

protein is found in fraction 5, then c5 = (20.0/100)(0.75) =

0.15 8 1/7. The relative concentration is then expressed as

1:6. Dilutions of all fractions were also injected. If the a-

bove fraction was diluted to 1/4 and 1/24 its original concen-

tration, the respective relative concentrations would be 1:27

and 1:167.

B. Relation pg Concentration pp Blastular Qpality

To illustrate the effect that the concentration of the in-

jected large granule fraction has on the quality of the resulting

blastulae, the concentrations were partitioned into the follow-

ing three groups: a) 2:1-1:15, from 28 experiments; b) 1:16-

1:32, from 21 experiments; and c) 1:33-l:4007, from 71 experi-

ments. An average of 50 eggs were injected in each of the 120

experiments.

Of the eggs which cleaved, the percentage falling into each

category of blastulae (1/4, 1/2, 3/4, or 1) was calculated for

each experiment within each concentration group. The mean per-

centage of cleaved eggs in each category of blastulae and the

standard error about this mean were calculated for each concen-
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Figure 4, Quality of the blastulae as a function of

the concentration of material injected. Each point on the

graph represents the mean percentage of blastulae in a par-

ticular relative concentration group (A, 2: 1- 1: 15; B, 1: 16-

1:32; or C, 1: 33- 1: 4007) which displays either the 1/4,

1/2, 3/4, or 1 level of development. The vertical bars de-

limit the standard errors of the means. The means were

calculated from p experiments based on about 50 eggs each.
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tration group. The results are shown in Figures 4A-C. It is

obvious from Figure 4A that the injection of CI material in the

concentration range of 2:1-1:15 results in most of the eggs

cleaving over less than one-half of their surface. When more

dilute material is injected, more of the eggs surface is in-

volved in cleavage (Fig. 48). Finally if dilutions are extended

to yield concentrations of 1:33 and less, blastomeres cover more

than one-half of most of the eggs which have undergone cleavage

(Fig. 40).

C. Relation 2; Concentration pp Percentage pg Injected Eggp

Epiph Cleave

In conjunction with the analysis of the blastular quality,

the effect of the concentration of injected CI material on the

percentage of the eggs which cleave was determined. Results of

experiments in which the blastulae were not scored as required

for the quality analysis could also be utilized in this analysis.

The mean percentage of eggs cleaving when injected with each

range of concentrations and the standard error about each mean

were calculated. The concentration groups and the number of ex-

periments on which each mean was based are as follows: 2:1-1:15,

n = 35; 1:16-1:32, n = 25; 1:33-1:66, n = 15; 1:67-1:134, n = 24;

1:135-1:270, n = 18; l:271-1:1084, n = 36; 1:1085- , n = 17.

The average number of eggs injected in each experiment was 50.

In Figure 5 are shown the results of this analysis. The

vertical bars represent the standard error about the mean for

each concentration group. The effect that the concentration of

the injected material has on the percentage of eggs which cleave



Figure 5, Percentages of eggs which cleave as a func-

tion of the concentration of the material injected. Each

point represents the mean per cent cleavage in p_experi-

ments based on about 50 eggs each. The vertical bars de-

limit the standard errors of the means.



Figure 5

Relative Concentration

%
C
l
e
a
v
a
g
e

H

20

25

30

 

2
:
1
-
1
:
1
5

.
-

1
:
1
6
-
l
:
3
2

-

1
:
5
3
-
1
:
6
6

r

1
:
6
7
-
1
3
1
3
4

<
—

1
:
1
3
5
-
1
:
2
7
0

’
-

l
:
2
7
1
-
1
:
1
0
8
4

-

l
:
1
0
8
5
-

-
—  

 

 

 
 

-57-



-53-

is most obvious when data from each series of injections is

considered separately as, for example, in Tables III and IV.

Even with the errors introduced when analyzing pooled data, the

existence of a concentration range of CI material of optimum

effectiveness (roughly 1:16 to 1:134) is apparent from Figure 5.

D. The Effect of Dilution on the Protein Concentration and

the pH 2; the Large Granule Fraction
 

The reason(s) for the effect of dilution on the blastular

quality and on the percentage of cleavage initiation is unknown.

Analyses were performed to determine if the pH and the relative

concentrations of the soluble and sedimentable protein of the

large granule fraction were affected by the dilution.

A large granule fraction (P3) was prepared in 0.25 SEP by

differential centrifugation in the usual manner. The relative

concentration of the final suspension was 1:3 (designated as 1).

Dilutions of P3 were made with 0.25 SEP to yield additional

concentrations 1/4, 1/16, 1/64 of the original.

Determinations of pH were made with a Metrohm Model E300

pH meter (Brinkmann Instruments, Westbury, N.Y.) on the above

P3 samples. Determinations were also made on the $2 and final

83 supernatant fractions and on the 0.25 and 1.8 SEP media. The

latter was used in density gradient centrifugation experiments.

All suspensions and solutions were at room temperature. No dif-

ferences were noted in the pHs of 82, S3, and P3 (1-1/64). All

had a pH of 7.22. The pH of the 0.25 SEP medium was 7.20 and of

the 1.8 SEP medium, 7.16.
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The protein content of the P3 samples was analyzed to de-

termine whether the dilution caused a detectable release of pro-

tein bound on or within particles in suspension. Protein deter-

minations were performed on the whole fractions (P3) and on the

supernatants (P38) and pellets (P3P) resulting from an 18,000g

centrifugation for 30 minutes of the whole fractions at each of

the four concentrations (1, 1/4, 1/16, and 1/64). Prior to anal-

ysis the pellet was resuspended in a volume of 0.25 SEP equal

Table XII. The effect of dilution on the relative amounts of

protein in the soluble and sedimentable phases of a

large granule fraction.a

 

 

Fraction Dilution

(1) (1/4) (1/16) (1/64)

p3 100.0(1336)b 27.3(365) 6.44 (86) 1.35 (18)

p3? 100.0(1174) 24.5(288) 5.37 (63) 1.02 (12)

P33 100.0 (386) 14.5 (56) 3.89 (15) 0 (0)

Exp. % -

of (1)c 100.0 25.0 6.25 1.56

 

Figures in the table, except those in parentheses are per-

centages of the total protein of the undiluted (1 P3, P S,

and P P fractions that are found in their respective diluted

fract ons.

fractions’in.pg/m1.

fractions are diluted as indicated.

to that of the supernatant.

Table XII shows the results obtained.

tions are given in parentheses.

Figures in parentheses are the protein concentrations of the

Percentages which should theoretically be obtained when the

Protein concentra-

The concentrations of protein
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in fractions P3, P38, and P3P at the dilutions (1/4), (1/16),

and (1/64) are expressed as percentages of the protein in the

respective original fractions (1). The data in Table XII in-

dicate that protein is not released from the particles upon di-

lution and that the percentage of protein observed in the super-

natant at each dilution is in fact generally less than the ex-

pected percentage.

KW

There is a range of concentration of large granular mate-

rial (1:33-1:134) which is optimum.for obtaining a high percent-

age of blastulae of good quality. Injecting material of pro-

gressively greater concentration results in an increasing num-

ber of blastulae which occupy less than one-half of the origi-

nal egg surface. Injecting material of greater or lesser con-

centration also results in fewer of the eggs cleaving to blastu-

lae.

The pH and the relative amounts of soluble and sedimentable

protein of the large granule fractions were unaffected by the

dilutions.

IV. FRACTIONATION BY SUCROSE DENSITY GRADIENT CENTRIFUGATION

The differential centrifugation experiments have clearly

demonstrated that the large granule fraction of frog liver con-

tains most of the cleavage-initiating activity. Three types of

particles are generally considered to be present in a comparable

"mitochondrial" fraction from mammalian liver. Mitochondria
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account for the bulk of the protein in this fraction. In addi-

tion lysosomes and microbodies are present as two important

minor components (de Duve, 1964). Recently, de Duve (1965b)

has proposed the name "peroxisome" for the microbodies of rat

liver.

Considerable use has been made in recent years of density

gradients for separating mammalian liver components (Thomson,

1959; de Duve, 1965a). Holter and coworkers (1953) were the

first to use sedimentation equilibrium in a density gradient for

cell fractionation work. In their work with Xenopus liver cells,

they extended the range of the density gradient beyond the spe-

cific gravity of the heaviest cell component and prolonged cen-

trifugation until all particles attained a level in the medium

which corresponded to their density. Experimental evidence

supporting the theoretical basis for this technique, termed

"isopycnic gradient centrifugation" by Anderson (1955) is dis-

cussed by Beaufay and Berthet (1963).

Sucrose has been the most widely used material for making

density gradients. Its high viscosity in dense solutions, how-

ever, is a disadvantage in that it retards sedimentation (see

de Duve and Berthet, 1954, p. 227-229). It also makes the in-

jection of fractions recovered from the bottom of the gradient

very difficult.

In the account which follows, experiments will be described

in which attempts were made to subfractionate the large granule

fraction on sucrose density gradients. Assuming enzymic homo-

geneity as postulated by de Duve and coworkers (1955, and de Duve,
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1964), cytochrome oxidase and acid phosphatase were routinely

assayed as enzyme markers for mitochondria and lysosomes, re-

spectively. In some experiments, urate oxidase was also assayed

to indicate the position of the peroxisomes. Thus, curves of

cell component frequency as a function of their position in the

gradient tube (fraction number) could be constructed.

Roodyn (1965) suggests the calculation of the relative con-

centrations of various enzymes as one means of expressing cell

fractionation data. The relative concentration of a particular

enzyme in a fraction would be, according to the definition of

Roodyn, the activity per mg protein in the fraction divided by

the activity per mg protein in the homogenate. This value

would be better described by relative specific activity (R.S.A.,

a term used by Baudhuin, 23,51; (1965) to describe a comparable

value: % total recovered activity/% total recovered protein)

since the value does not in fact reflect the concentration of

any particular enzyme in a fraction. The only exceptionwould

be a situation in which the protein concentration in each frac-

tion is the same. This is unlikely to occur in density gradient

fractionation work. Data expressed in terms of the specific

activities, total activities, and relative specific activities

of the enzymes in each gradient fraction are given, when possi-

ble, in the Appendex. No reference is made to the homogenate

since it was not considered in any aspect of this study.

In the present study we are concerned with determining in

which fractions a particular cell component is the most abundant

and the least contaminated with other species of cell components.
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The results are therefore expressed in the text figures in terms

of the percentage in each fraction of the total recovered activ-

ity of a particular enzyme in all the fractions. Curves con-

structed from such data portray the frequency distributions of

the particles (marker enzymes) throughout the gradient.

The percentages of eggs which cleave when different batches

are injected with the various fractions are graphed versus the

fraction number to give a frequency distribution curve of the

particles in the gradient which are active in initiating cleavage.

This curve may then be compared to the corresponding curves

which describe the distribution of cytochrome oxidase (mitochon-

dria), acid phosphatase (lysosomes), and other marker enzymes.

The nature of the gradients was varied. Large granule mate-'

rial was layered over gradients preformed from 0.25 SEP and 1.8

SEP media, 0.8 and 1.8 SEP media, and from 0.8 and 1.8 SE media.

The former is referred to as a steep gradient while the latter

two are shallow gradients.

In all cases the fraction numbers given in the figures pro-

gress from the bottom (most dense) to the top (least dense) of

the gradient tube.

0f the 775 eggs injected with the suspension media alone

(0.25, 0.60, 0.70, and 1.8 SE or SEP), only 3 cleaved. One egg

cleaved in each of three batches of eggs (total of 148 injected)

injected with 0.25 SE. Blood, probably due to internal hemor-

raging of the female frog, was evident on two of these three

batches of eggs.
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A. £15222 Gradients with _S_§_l: Mia

The results of the first experiment performed to determine

the distribution of CI material in a gradient are shown in Fig-

ure 6. These gradients were prepared by layering 1.0 ml of a 1:2

large granule suspension over preformed steep gradients of su-

crose media containing 0.001M EDTA and 0.1M sodium phosphate

buffer. The concentration of sucrose ranged from 0.25M to 1.8M

yielding a range of density at 20°C from about 1.03 to 1.23.

Centrifugation was performed at 25,000 rpm for 2 hours with the

Spinco Model L Ultracentrifuge equipped with the SW 39L rotor.

Ten fractions of 24 drops each.were collected from each tube.

Samples of nine fractions were injected (omitting fraction

10) into an average of 63 eggs each (Fig. 6). No diluted frac-

tions were injected. The depression of CI activity in fraction

3 coincided with the peak of maximum concentration of granular

materials. Therefore in the subsequent analyses diluted frac-

tions were also injected since previous differential centrifuga-

tion experiments had shown that the percentage of eggs which

cleave is reduced if the concentration of the active material

injected is too high.

An analysis for RNA showed the maximum.concentration to be

in fraction 3. Some of this RNA is probably mitochondrial, but

adsorption of RNA to cell components may contribute to much of

that found in fractions 3-5.

The data presented in Figure 7A, B, and C represent a sum-

marization of results from three experiments. While the media

used in forming the gradients were the same as for the preceding,
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Figure 6, Frequency distribution in a steep SEP gradi-

ent of RNA and cleavage-initiating activity associated with

large granules from frog liver.

The large granule suspension in 0.25 SEP (P3, 1:2) was

prepared according to the differential centrifugation pro-

cedure in Methods. 1.0 ml of P was layered over a 0.25-1.8

SEP gradient and centrifuged at 25,000 rpm for 2 hours.

The distribution of RNA is expressed as the percentage

in each fraction of the total (453 ug) recovered from the

10 fractions.

The other curve represents the percentage of eggs which

cleave following injection with fractions 1-9. Each per-

centage value is based on an average of 63 (46-106) injected

9888 .
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the procedure for the experiments in Figure 7 differed in the

following respects: 1) a new gradient machine, referred to in

Methods, was employed; 2) a 1:3 large granule fraction was lay-

ered over the gradients; 3) centrifugation was at 35,000 rpm

for 2 hours; and 4) 12 fractions of 20 drops each were collected.

Figures 7A and 7B show the distribution of protein, cyto-

chrome oxidase, acid phosphatase, and nucleic acids in the gra-

dients. The protein distribution curve is based on data from

three experiments, acid phosphatase on two of the three, and

cytochrome oxidase and nucleic acids on one of the experiments.

The protein and enzyme concentrations in each fraction are ex-

pressed in the graph as the average percentage, where applicable,

of the total amount recovered in all the gradient fractions.

Figure 7C, which summarizes data from the three experiments,

depicts the percentage of eggs cleaving when injected with the

12 gradient fractions. Fractions 1 through 12 were injected as

recovered and after being diluted to 1/4 the original concentra-

tion. In two of the three experiments the fractions at 1/24 the

original concentration were injected. Each percentage point

on the graph is based on the injection of the 1, 1/4, and 1/24

concentrations into an average of 118, 106, and 91 eggs, respec-

tively.

It is apparent from.curve 1 (1:3) of Figure 7C that there

is a general dispersion of CI material throughout the gradient.

A depression of CI activity in the region of greatest particle

concentration was again noted (Fractions 4 and 5, Figure 7 and

Fraction 3, Figure 6). Injections of diluted fractions (1/4
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Figure 7I Frequency distribution in a steep SEP gradi-

ent of protein, acid phosphatase, cytochrome oxidase, RNA,

DNA, and cleavage-initiating activity associated with large

granules from frog liver.

The large granule suspensions in 0.25 SEP (P3, 1:3)

were prepared by the differential centrifugation procedure

in Methods. 1.0 ml of P3 was layered over a 0.25-1.8 SEP

gradient and centrifuged at 35,000 rpm for 2 hours.

A. Concentration of RNA and DNA in each fraction ex-

pressed as micrograms per ml of fraction.

B. Data are expressed as the percentages in each

fraction of the total protein or enzyme recovered from all

the fractions. Average total recoveries: protein, 3.14 mg;

acid phosphatase, 7.9 units; and cytochrome oxidase, 2.2

units.

C. Data are expressed as percentages of eggs which

cleave following injection with fractions 1-12. Each per-

centage value is based on an average of 118, 106, and 91

injected eggs for curves 1, 1/4, and 1/24, respectively.



 

-69-

 

 

   

 

 

 

 

 
 

Im/SHUJfloaolw

I I l

o
0)

$3
m

:4

u g

Pim o

E O m
g

Q ch s

m LPG vi a
O OH O

'01: 0:4 u

44g.p<3 o

mo P: n

< c5 s4
5

I I I

(o[0

v

N)

CV

r4

_J

o 0 C) O C)If) 'V‘. [O N [-1

podonosou {830$ J0 %

- Cd
(J t

{: ea
r1

S:

a: a ‘ °‘
a)

b-

0).
(O

...4 [D

— w

1-
‘“ a m

r-l

1 L 1 l l L 1 l 1
Q C) t) ‘3 O
u) :31 IO 01 H

T
o
p

P.

{-4

{3

o

43

3)

O

0)

a
c
t
i
o
n

N
u
m
b
e
r

5
‘

T
T
‘
v
v

a
r
a
c
t
-
c
n

“
u
m
b
e
r

$4

53

L3

01"

LN



50.

4O

%
C
l
e
a
v
a
g
e c
»

<
3

(
0

O

10

-70-

 

   
 

   

._ C
_

_ 0 _

—. . 4 (1) '-

e 0
' (1/4)

1 1 1 1 1 1 1 ° Aéh’i . 1 y

l 2 3 4 .5 6 7 8 9 101112

Bottom TOp

Fraction Number

Figure 7 (cont.)



. -71-

and 1/24, Figure 7) revealed that the greatest concentration

of cleavage-initiating material did in fact reside in the same

fractions in which the population of granules was the most

dense.

By comparing all the graphs in Figure 7, it is apparent

that the distribution of CI material is similar to that of pro-

tein, cytochrome oxidase, acid phosphatase, RNA, and DNA.

B. Shallow Gradients wish,§§,flggig

Little separation of mitochondria from lysosomes was ob-

tained (Fig. 78) with the steep gradients. Shallower gradients

were therefore used in an effort to enhance the separation of

these two populations of particles.

Large granule pellets were suspended in 0.7M sucrose medium

and layered over gradients with sucrose concentrations ranging

from 0.8M to 1.8M. The media were 0.001M‘with respect to

EDTA°Na2. Buffering with phosphate was omitted. In the experi-

ments to be subsequently described the media were simply ad-

justed to pH 7.2 with NaOH. Although pH values lower than 6

have been found to cause extensive agglutination of particulate

material (Claude, 1946; Hers, g£_g;L, 1951), liver preparations,

when kept properly cooled, rarely reach critical pH values (de

Duve and Berthet, 1954). There is also evidence suggesting that

electrolytes in the isolation medium may cause cytoplasmic par-

ticles to agglutinate (Hers, g; 31‘, 1951; Dalton, g; 31‘, 1949;

Hogeboom, 25,21‘, 1948). A disadvantage in using the sucrose-

EDTA (SE) media is that the adsorption of soluble proteins on

the surface of granules is a much more important phenomenon in
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salt-free sucrose solutions than in media containing electro-

lytes_(Beinert, 1951; Berthet,‘gglgl‘, 1951).

1. Biochemical Analyses 23 Gradient Subfractions 2;,nggg

Granule Material gggm_Livers 2£,§£ggg Injected gigh Triton

WR-1339 - The first shallow gradient subfractionations were per-

formed on large granule fractions of liver obtained from frogs

injected with the non-ionic detergent Triton WR-1339 (NR-1339,

an oxyethylated tert. octylphenol polymethylene polymer obtained

from the Ruger Chemical Company, Inc., Irvington, N.Y.). These

experiments were prompted by a report from.Wattiaux and coworkers

(1963) on the influence of the injection of this detergent on

the properties of lysosomes of rat liver. The studies by the

Louvain group revealed that intravenous injections of WR-1339

four days before the animals were killed resulted in the uptake

of the detergent by the liver lysosomes, markedly shifting the

distribution of this population of particles to a region of lower

density. The distribution of cytochrome oxidase and urate oxi-

dase were, however, unaltered.

Experiments were performed to determine whether this deter-

gent, when injected into the dorsal lymph space of a frog, would

accumulate within the lysosomes and thereby alter their density

sufficiently to promote their clean separation from.mitochondria.

Quantities of WR-1339 were dissolved in a solution of 0.65% NaCl

(isotonic amphibian saline) such that an injection of 0.1 ml

per 10 grams of body weight represented a dosage of 0.8 mg of

the detergent per gram of body weight in the first series of

experiments (Fig. 8) and 1.0 mg/gram body weight in the second
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series (Fig. 9). Control frogs were injected with 0.1 ml saline

per 10 grams of body weight. The frogs were maintained at 17°C

until killed.

To obtain the data in Figure 8, livers were excised from

three treated frogs after 2 days and from three treated and

three control frogs after 6 days. The large granule fractions

were prepared as indicated in the legend to the figure. The

final suspension in 0.7 SE was layered over a 0.8-1.8 SE gradi-

ent and centrifuged for 2 hours at 35,000 rpm.

A comparison of the gradient fractions from saline injected

frogs with those from WR-1339 frogs was possible only with re-

spect to the acid phosphatase distribution (Fig. 8C). The in-

sufficient recovery of some gradient fractions in the saline ex-

periment precluded their being analyzed for protein and cyto-

chrome oxidase.

A comparison of the 2-day and 6-day samples from WR-1339

treated frogs shows that after 6days asubstantial proportion of

the acid phosphatase associated with particles is distributed in

a less dense portion of the gradient. This suggests that the

detergent has decreased the density of the lysosomes. However,

the acid phosphatase distribution in a sample from the 6-day

saline injected frogs was very similar to that in the 6-day

WR-1339 sample. As noted in the legend to the graphs, the dif-

ferences in the differential centrifugation times of the 2-day

and 6-day preparations may in part account for the discrepant

results.



-74-

Figure 8, Frequency distribution in a shallow SE gradi-

ent of protein, acid phosphatase, and cytochrome oxidase

associated with large granules from the liver of WR-1339 in-

jected frogs.

A. The large granule suSpension was prepared by dif-

ferential centrifugation as follows: Liver tissue from

frogs injected 2 days previously with WR-1339 was homogenized

in 0. 25 SE and centrifuged 3 times at 4200 rpm, 20 minutes.

Final supernatant was centrifuged at 12,000 rpm, 30 minutes,

to yield a pellet which was suspended in 0. 7 SE and centri-

fuged at 9200 rpm, 40 minutes. Final pellet was suspended

in 0. 7 SE (P3, 1: 1). 0. 5-0. 6 ml of P was layered over a

0. 8- 1. 8 SE gradient and centrifuged a% 35,000 rpm for 2

hours.

B and C. The large granule suspensions were prepared

by differential centrifugation as follows: Liver tissue

from frogs injected 6 days previously with saline or WR-1339

was homogenized in 0.25 SE and centrifuged 3 times at 4200

rpm 20 minutes. The final supernatant was centrifuged at

2,000 rpm 45 minutes, to yield a pellet which was sus-

pended in 0. 7 SE and centrifuged at 9200 rpm, 45 minutes.

Final pellet was suspended in 0. 7 SE (P3, :1. 7). 0. 6-0. 7

ml of P was layered over a 0. 8- 1. 8 SE gradient and cen-

trifuges at 35 ,000 rpm for 2 hours.

The data are expressed as in Figure 73. Total recover-

ies were as follows: A. protein, 3. 08 mg; acid phosphatase,

24. 3 units; and cytochrome oxidase, 17. 7 units. B. protein,

3. 68 mg; acid phosphatase, 37. 4 units; and cytochrome oxi-

dase, 9.7 units. C. acid phosphatase, 35. 3 units.
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In the next series of analyses, therefore, a uniform.cen-

trifugation procedure was used throughout. The experiment

yielded complete data from 6 saline injected control frogs as

well as 6 frogs injected with WR-1339. Three frogs from each

group were killed 3 and 6 days after injection. Large granule

fractions were prepared by differential centrifugation as indi-

cated in the legend to Figure 9. The suspensions of large gran-

ules in 0.7 SE were layered over 0.8-1.8 SE gradients. Following

centrifugation for 2 hours at 35,000 rpm, 9 fractions of 30 draps

each were collected from each gradient.

Figure 9 compares the frequency distribution in sucrose

density gradients of protein, mitochondria, and lysosomes from

liver of 3- and 6-day saline and WR-1339 injected frogs. The

acid phosphatase distribution curves (Fig. 9) at both 3 and 6

days after detergent injection show a slight shift of maximum

lysosome concentration toward the top of the gradient. Both the

3- and 6-day analyses showed a definite decrease in lysosome

concentration of the WR-1339 material in the region occupied

principally by mitochondria, namely fractions 3 and 4. In gen-

eral, however, the differences in acid phosphatase distribution

between material from detergent and saline injected frogs are not

great enough to warrant the use of this technique. Repeated

daily injections for 3-6 days may have accentuated the slight

separation observed with a single dose. 0n the other hand, in-

travenous injections may be necessary to obtain results compara-

ble'to those of Wattiaux and coworkers (1963).
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Figure 9, Frequency distribution in a shallow SE gradi-

ent of protein, acid phosphatase, and cytochrome oxidase

associated with large granules from the liver of WR-1339

injected frogs.

All large granule suspensions (A-D) were prepared by

differential centrifugation as follows: Liver tissue from

frogs injected 3 and 6 days previously with WR-1339 and sa-

line was homogenized in 0.25 SE and centrifuged 3 times at

2500 rpm and 5000 rpm, 10 minutes eaCh. Final supernatant

was centrifuged at 12,000 rpm, 45 minutes, to yield a pel-

let which was suspended in 0.3 SE and centrifuged at 9000

rpm 10 minutes. Final pellet was suspended in 0. 7 SE (P3,

1). 0. 6-0. 7 ml of P was layered over a 0. 8- 1. 8 SE gra-

dient and centrifuged at 35 ,000 rpm for 2 hours.

The data are expressedas in Figure 78. Total recov-

eries were as follows: A. protein, 2. 45 mg; acid phospha-

tase, 34. 2 units; and cytochrome oxidase, 7.5 units. B.

protein, 3. 27 mg; acid phosphatase, 45. 2 units, and cyto-

chrome Oxidase, 10.3 units. C. protein, 3. 76mg; acid phos-

phatase, 36. 6 units; and cytochrome oxidase 16.9 units.

D. protein, 3. 31 mg; acid phosphatase, 5.7 units; and cy-

tochrome oxidase, 7.2 units.



poaenooou {uneg ye %

‘
J

 

o
—
—
o
A
c
i
d

p
h

0
—
0

C
y
t
o
c
h
r

0
“
.

P
r
o
t
e
i
n

5
D
a
y

2
1
3
-
1
3
5
9

 
 

N
u
m
b
e
r

o
s
p
h
a
t
a
s
e

o
m
e

o
x
i
d
a
s
e

3
D
a
y

S
a
l
i
n
e

-79-

1
0

 
 

1
1

1

4
5

6

 

l

3 F
r
a
c
t
i
o
n

N
u
m
b
e
r



-30-

 

o
—
—
o

C
y
t
o
c
h
r
o
m
e

o
x
i
d
a
s
e

H
P
r
o
t
e
i
n

 
 

 

 

I I I l I T Q

o . o) o

[-4

d) 9 O)

C

0:4

H

(n o - [x

U)

b:

«1 0 - — (O

Q

10

.0 "'" l0

0 . "‘ 'd‘

o . "" l”)

\ \ O ——< N

{1

(a o

( 43

1 o — H .1:

1 1 1 l 1 J ‘8

O O O

K“) CQ r1

(TN-"“1" l I l " I ' ""—

03 f).

0

54

C) e - (0

t0

[0

H

I o H“

p.) - o -4 (O

('5

t.)

(o e - .— u)

«*I . .— \i‘

o —< l’)

.X““

\

- 0’ ‘

l".

o O

4)

\ —- I“ J;

L

-__m_ll_w__ J r,m-l ,. "J -1.-| 11 1 ..-_j (a

f) r) (11

1') N (‘1

|paxeaovi‘ [3606 J0 9

F
r
a
c
t
i
o
n

N
u
m
b
e
r

)
A
.

U
.

i
r
e

9
(
c
o
n

.0
?

:
1
.
- -
-



-81-

2. Biochemical Analyses 22g Bioassazsqug Cleavage-Initi-

gging Material £323 Gradient Subfractions g£_Lg£gg Granule M552;

5321 fggm Livers of Untreated £3255 - Two cell fractionations

were performed on livers from.untreated frogs. The 2:1 large

granule fractions were obtained as indicated in Figure 10. Six-

to eight-tenths ml of the suspensions in 0.7 SE were further

fractionated on 0.8-1.8 SE density gradients as usual (Fig. 10

and 11). Eleven fractions of 30 drops each were recovered from

each gradient. The drop-collecting apparatus described in Meth-

ods was used for this and all subsequent fractionations resulting

in a more uniform drop size and no loss of material through leak—

age. The results of biochemical analyses are shown in the fre-

quency distribution curves of Figure 10A and llA-B. Each frac-

tion in Figure 10 was analyzed for cytochrome oxidase, acid phos-

phatase, and protein. The material in Figure 11 was analyzed

for urate oxidase, ribonuclease, acid phosphatase, and protein.

Each fraction in Figure 108 was injected as recovered (1) and at

two dilutions (1/5 and 1/25) of the original. In Figure 11C

fractions were injected as recovered (1) and at a concentration

1/25 the original. All dilutions were made with 0.25 SE medium.

No correlation of cleavage-initiating activity with any

particular type of cell component is apparent. The greatest

concentration of cleavage-initiating material seems to be local-

ized in the heavy end of the gradient. Some activity is gener-

ally found in fraction 11 from the top of the gradient. Although

this activity at first appears to be non-sedimentable, it gener-

ally contained granular material. As the gradient is collected
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Figure 10, Frequency distribution in a shallow SE gra-

dient of protein, acid phosphatase, cytochrome oxidase, and

cleavage-initiating activity associated with large granules

from liver of untreated frogs.

The large granule suspension was prepared by differen-

tial centrifugation as follows: Liver tissue from untreated

frogs was homogenized in 0.25 SE and centrifuged 3 times at

4200 rpm, 20 minutes. Final supernatant was centrifuged at

12,000 rpm, 30 minutes, to yield a pellet which was suspended

in 0.7 SE and centrifuged at 9200 rpm, 40 minutes. Final

pellet was suspended in 0.7 SE (P , 2:1). 0.6-0.7 ml of P3

was layered over a 0.8-1.8 SE graaient and centrifuged at

35,000 rpm for 2 hours.

A. The data are expressed as in Figure 78. Total

recoveries: protein, 5.10 mg; acid phosphatase, 51.3 units;

and cytochrome oxidase, 12.5 units.

B. The data are expressed as percentages of eggs

which cleave following injection with fractions 1-11. Each

percentage value is based on an average of 39 (24-57) in-

jected eggs from one frog, except for the 1/25 curve, frac-

tions 1-8, where each point is the average value from two

batches of eggs from different frogs.
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Figure 11, Frequency distribution in a shallow SE gra-

dient of protein, acid phosphatase, urate oxidase, ribonu-

clease, and cleavage-initiating activity associated with

large granules from liver of untreated frogs.

The large granule suspension in 0.7 SE (P3, 2:1) was

prepared as for Figure 10. 0.8 ml of P was layered over

a 0.8-1.8 SE gradient and centrifuged a; 35,000 rpm for 2

hours.

A and B. The data are expressed as in Figure 7B. To-

tal recoveries: protein, 4.34 mg; acid phosphatase 45.8

units; urate oxidase, 49 units; and ribonuclease, 62 units.

C. The data are expressed as percentages of eggs

which cleave following injection with fractions 1-11. Each

percentage value is based on an average of 54 (32-75) in-

jected eggs from one frog, except for the 1/25 curve, frac-

tions 1-5, where each point is the average value from two

batches of injected eggs from different frogs.
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from the bottom of the tube, the meniscus collects particles

adhering to the tube wall.

When fractions collected from the steep gradients were di-

luted and injected (Fig. 7) the distribution of cleavage-initi-

ating material was clearly shown to be the same as that of the

mitochondria and lysosomes. With the shallow gradients, however,

such an association is not so evident (Fig. 10 and 11). If the

material from the experiments in Figures 10 and 11 had been in-

jected at a lower concentration it is possible that the area of

the gradient with the greatest concentration of cleavage-initi-

ating material would have been better defined. The large granule

fraction layered over the shallow gradients had a relative cOn-

centration of 2:1 whereas the material layered over the steep

gradient of Figure 7 had a relative concentration of 1:3. An

average of 4.7 mg of protein was recovered from the shallow gra-

dients (Fig. 10 and 11) and an average of 3.14 mg from the steep

gradients (Fig. 7). On the other hand, the protein is more

broadly distributed in the shallow gradient resulting in a lower

maximum concentration per fraction in the shallow gradients than

in the steep gradients. The most concentrated fraction in the

latter in fact contained 2.6 times as much protein as the most

concentrated fraction in the former (1.3 mg versus 0.5 mg). A

dilution of 1/24 for the material in Figure 7 therefore resulted

in a concentration of particles certainly low enough to demon-

strate the region of maximum concentration of cleavage-initi-

ating material, if such an area indeed existed in a clearly de-

limited fashion.
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3. Gradient Subfractionation g; Insonated Laggg Granule

Fractions - From the experiment described in Table IX we know

thatinsonation will destroy the cleavage-initiating activity of

a suspension of cell particulates, and that the activity is not

recoverable in the supernatant by centrifugation. By brief

treatment with ultrasound it was hoped that lysosomes would be

disrupted to a greater extent than mitochondria. An increase in

the cleavage-initiating activity of the fractions from the less

dense regions of the gradient might indicate that subparticulate

elements of mitochondria are capable of inciting eggs to cleave.

Large granule fractions were prepared as in the preceding

experiments in 0.7 SE at a 2:1 relative concentration. A 6 ml

sample was placed in a Rosett cooling vessel (Branson Model 25)

immersed in an ice bath and subjected to ultrasonic disruption

with a Bronson S-75 sonfier set at a power level of 6 for 45

seconds. The 0.8-1.8 SE gradients were preformed and 0.7 ml of

the insonated material was layered over each gradient. Following

centrifugation for 2 hours at 35,000 rpm eleven 30-drop frac-

tions were collected from each tube.

Fractionations were performed on two insonated large gran-

ule preparations. Figures 12A.and 128 show the frequency distri-

butions of protein, acid phosphatase, cytochrome oxidase, and

urate oxidase in the gradients. The latter enzyme was assayed

in only one of the experiments. Since the distributions of pro-

tein, cytochrome oxidase, and acid phosphatase in the two exper-

iments were nearly identrical the results were combined and the

curves for these constituents represent an average distribution
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Figure 12, Frequency distribution in a shallow SE gradi-

ent of protein, acid phosphatase, cytochrome oxidase, urate

oxidase, and cleavage-initiating activity associated with in-

sonated large granule material from frog liver.

The large granule suspension in 0.7 SE (P3, 2:1) was

prepared as for Figure 10. 0.7 ml of P was layered over a

0.8-1.8 SE gradient and centrifuged at 35,000 rpm for 2

hours.

A and B. The data are expressed as in Figure 78. Av-

erage total recoveries for two experiments: protein, 4.87

mg; acid phosphatase, 63.3 units; and cytochrome oxidase,

43.9 units. Total urate oxidase recovered in one experiment

was 84 units.

C. The data are expressed as the percentages of eggs

which cleave following injection with fractions 1-11. Each

percentage value is based on an average of 46 (27-64) in-

jected eggs from a different frog for each curve.
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of the two experiments.

Using acid phosphatase and urate oxidase as indicators,

the curves (A) show that the integrity of the lysosome and per-

oxisome structure was destroyed. Much of these enzymes as well

as the total protein (B) was converted to a form less readily

sedimented. The presence of these enzymes in the denser regions

of the gradient may be due in part to their adsorption to mem-

brane or particle fragments. The distribution of mitochondria

was also altered (B), but to a lesser extent. There was a de-

crease of cytochrome oxidase in the denser portions (fractions

1, 2, and 3) of the gradient and a marked increase in the upper

portions (fraction 8-11). No cytochrome oxidase activity was

detectable in fractions 9-11 from non-insonated preparations.

With the insonated preparations, however, 6.0, 7.8, and 5.4% of

the activity was recovered in fractions 9, 10, and 11, respec-

tively. The peak of cytochrome oxidase concentration was in

fraction 5 for both the insonated and untreated preparations.

In view of the fact that de Duve (1964) attributes most of

the protein in the "mitochondrial" fraction from rat liver to

mitochondria, it seems somewhat surprising that the bulk of the

mitochondrial enzyme cytochrome oxidase should appear in the

usual fractions while the protein peak shifts to a region of

lower density. This indicates that either there are components

other than mitochondria present in substantial amounts or that

insonation may have released substantial quantities of protein

from the matrix of mitochondria without appreciably altering the

density of the remaining structural shell. Without further bio-
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chemical analyses and especially electron microscopic observa-

tions it is difficult to pinpoint the source of the bulk of the

protein present in the upper fractions of the gradient.

Figure 12C shows the reactivity of eggs when injected with

the gradient fractions. The fractions were injected as recovered

(1) and after being diluted by 1/5. Good cleavage responses

were obtained only with the injection of material from one (I)

of the two experiments. The poor results of the other experi-

ment (II) may be due to two factors. One, the low viability of

the eggs, as determined from the percentage of eggs which

cleaved when fertilized, may have reduced their responsiveness.

Eggs from three frogs were used in this experiment. Less than

62% of the fertilized eggs from two of these three batches of

eggs cleaved. Two, the material was injected two days after it

was prepared. The decrease in cleavage-initiating activity of

a fraction with time has been previously shown. This seems the

most likely explanation for the following reasons: 1) The eggs

from two of the three frogs were injected only with diluted

cleavage-initiating material (1/5). Only fractions 1-3 were in-

jected as recovered (1) into the eggs from the other frog and

a good response was obtained in spite of the fact that only 61.4%

of the fertilized control eggs cleaved. These results (11) are

included in Figure 12C along with the results of the other ex-

periment (I). They support the picture one gets of the distri-

bution of cleavage-initiating material on the gradient. 2) The

viability of one of the two batches of eggs injected only with

diluted fractions was very good. Of the eggs fertilized, 90.8%
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cleaved. Yet the injection of fractions 1-11 at a 1/5 concentra-

tion resulted in an average of only 2.0% cleavage. This may be

compared to an average of 8.9 percent when a 1/5 concentration

of material from thecnher experiment (I) was injected into eggs,

although only 78.3% of the fertilized control eggs cleaved. The

material in this latter experiment was less than one day old.

Eggs from another frog were injected with undiluted gradient

fractions (1 in experiment 1). Of the fertilized control eggs

from this batch, 92.9% cleaved.

As in. the experiments of Figures 10 and 11, a definite cor-

relation between any of the cell components studied and the pres-

ence of cleavage-initiating activity is not apparent. While most

of the activity seems to be at the two extremes of the gradient,

there is a considerable amount of active material spread through-

out the gradient in spite of the previous ultrasound treatment.

It may be of interest to note that the CI activity of all frac-

tions, except fraction 5, decreased when the fractions were di-

luted to 1/5. Fraction 5, which showed an increase in CI activ-

ity, also contained the most cytochrome oxidase activity. Fur-

ther dilution would have indicated with more certainty the amount

of cleavage-initiating material in this fraction.

C. Comparison 2f Gradient Subfractionatigg_ig.§§.ggg,§§§,gegig

When comparing the broad erratic distribution of the cleav-

age-initiating material in the shallow gradients with the more

limited distribution in the steep gradients,°it seems unlikely

that the steepness of the gradient alone could account for this

striking difference. The only other major difference in the two
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procedures was the presence of phosphate buffer in the steep

gradients. Further experiments were therefore performed using

SEP media to construct the shallow gradients.

A large granule fraction was prepared as usual (see legend

to Fig. 10) except that the media used were 0.25 and 0.7 SEP

and the final suspension had a relative concentration of 1:1

rather than 2:1 as in the preceding experiments. Following cen-

trifugation over 0.8a1.8 SEP gradients in a swinging bucket

rotor (SW 39, Spinco) at 35,000 rpm for 2 hours, 11 fractions

were collected and analyzed for protein and acid phosphatase

activity. Samples were also injected into eggs to determine the

presence of cleavage-initiating activity.

Figure 13A illustrates the distribution of protein and acid

phosphatase in this shallow SEP gradient. The sedimentation

profiles of these two constituents are strikingly different from

those in the shallow SE gradients. The distributions of protein

and acid phosphatase in the latter are much broader. In compar-

ison to the amount of acid phosphatase and protein which is re-

covered in the denser portion of the SE gradient (fractions 1-4

in Fig. 10A and 11B), very little is recovered from similar frac-

tions in the SEP gradient (fractions 1-4 in Fig. 13A). Table

XIII compares the SE and SEP gradients of Figures 10, 11, and

13 with regard to the percentage of total protein and acid phos-

phatase recovered in three regions of the gradient: A, frac-

tions 1-4; B, fractions 5~7; and C, fractions 8e11, It is obvious

from these data that there is a greater concentration of protein

(and hence presumably also mitochondria) and acid phosphatase
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Table XIII. Comparison of the distribution of protein, acid

phosphatase, and cleavageainitiating activity in

three regions of shallow SE and SEP gradients.a

 

  

 

Medium Protein Acid CI

Phosphatase Activityc

Ab B c A B c A B 6

SE (1) 35.9 39.7 24.5 28.3 48.0 23.7 9.4 1.8 0.9

SE (11) 41.4 34.2 24.4 44.3 43.1 12.6 15.8 11.7 3.8

SEP 17.2 57.7 25.0 5.8 63.6 30.5 9.9 22.5 3.4

a
Data are from experiments depicted in Figures 10 (SE,I), 11

(SE, 11), and 13 (SEP) and are expressed as percentages in each

of the three regions of the total protein and enzyme recovered

from all fractions.

b Regions A, B, and C correspond to fractions 1-4, 5-7, and 8-11,

respectively.

C Figures represent percentages of the total eggs in each group

which cleaved when injected with the 1/25 concentration of the

material from the SE and SEP gradients.

(lysosomes) in the mid-gradient region and also more acid phos-

phatase in the upper third of the SEP gradient than in the SE

gradient.

The results obtained by injecting samples of the fractions

from the shallow SEP gradient are shown in Figure 13B. Prior to

injection the fractions were diluted to 1/12 their original con-

centration with 0.25 SEP. This was supposed to give a concen-

tration of material comparable to the 1/25 concentration of the

SE gradient fractions in Figures 10 and 11 on the basis of the

following facts: 1) The relative concentration of the large

granule fraction was 1:1 rather than 2:1 as in Figures 10 and 11;

2) 2.3 mg of protein were recovered from the SEP gradients in
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Figure 13, Frequency distribution in a shallow SEP gra-

dient of protein, acid phosphatase, and cleavage-initiating

activity associated with large granules from frog liver.

The large granule suspension in 0.7 SEP (P3, 1:1) was

prepared as for Figure 10. 0.7 ml of P3 was layered over

a 0.8-1.8 SEP gradient and centrifuged at 35,000 rpm for

2 hours.

A. The data are expressed as in Figure 7B. Total re-

coveries of protein and acid phosphatase were 2.32 mg and

15.4 units, respectively.

B. The data are expressed as the percentages of eggs

which cleave following injection with fractions 1-11. Each

percentage value is based on an average of 124 (106-137)

injected eggs from one frog.
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Figure 13, while 5.1 and 4.3 mg total protein were recovered

from the gradients in the two SE experiments of Figures 10 and

11, respectively.

Figure 13 shows that the more limited distribution of CI

activity in the SEP gradient corresponds quite closely to the

distributions of protein and acid phosphatase. If one assumes

for the moment that lysosomes are the active components, it would

be difficult to explain the substantial cleavage-initiating ac-

tivity in fractions 1-3, on the basis of the acid phosphatase

distribution alone. In considering this problem it is important

to recall that the lysosomal population is very heterogeneous

and that only acid phosphatase was assayed as a marker. This

point will be given further consideration in the discussion.

Since cytochrome oxidase was not assayed in this experiment no

comparison of its distribution with that of the cleavage-initi-

ating material is possible.

For the next and final gradient analysis, large granule

fractions were prepared simultaneously in SE and SEP media. The

final 1:1 suspensions in 0.7 SE and SEP media were layered over

0.8-1.8 SE and SEP gradients, respectively. Following centrifu-

gation in the SW 39 rotor at 35,000 rpm for 2 hours, 11 fractions

were collected and analyzed for protein, acid phosphatase, and

cytochrome oxidase (Fig. 14). In addition, the absorbancies of

the fractions at 260, 280, and 520 mp were determined. Since

15260 and 9280 for all fractions were nearly identical, only A260

and A520 are graphically depicted (Fig. 15). The 5520.3 were

determined to provide a measureable indication of particle dis-
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Figure 14, A comparison of the frequency distribution

in shallow SE and SEP gradients of protein, acid phospha-

tase, and cytochrome oxidase associated with large gran-

ules from frog liver.

The large granule suspensions in 0.7 SE or SEP (P3,

1:1) were prepared as for Figure 10. 0.7 ml of P was

layered over 0.8-1.8 SE or SEP gradient and centrifuged

at 35,000 rpm for 2 hours.

The data are expressed as in Figure 73. Total re-

coveries: SE medium - protein, 2.47 mg; acid phosphatase,

20.8 units; and cytochrome oxidase, 8.7 units. SEP medi-

gm|~ the total recoveries were as follows: protein, .16

mg; acid phosphatase, 22.1 units; and cytochrome oxidase,

25.2 units.
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Figgge 15, A comparison of the distribution in shallow

SE and SEP gradients of 260 my and 520 mp absorbing material

associated with large granules from frog liver.

The fractions analyzed are from the same gradients

described in Figure 14.

The relative absorbancy of a particular fraction is

the ratio of its absorbancy to the average absorbancy. The

latter value is obtained by dividing the sum of the ab-

sorbancies of all the fractions by the number of fractions

collected from the gradient. The average absorbancies per

fraction were as follows: SE medium - A28°7§§ = 0.509,

' 9

0. 1.
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tribution in the gradient.

Figures 14 and 15 emphasize the marked differences between

the SE and SEP gradients with respect to their distributions of

protein, acid phosphatase, cytochrome oxidase, and the 260 and

520 mp absorbing materials. As noted before, the distribution

of particles in the SE gradient is much broader than in the SEP

gradient. Table XIV compares the percentages of protein and

enzymes recovered in the three regions (fractions 1-4, 5-7,

and 8-11) of the two types of gradients. Compared to the SE

gradient, there is again a marked diminution in fractions 1-4

from the SEP gradient of all the components analyzed.

Table XIV. Comparison of the distribution of protein, acid phos-

phatase, and cytochrome oxidase in three regions of

shallow SE and SEP gradients.

 

 

Medium. Protein Acid Cytochrome

Phosphatase Oxidase

AbBC AB 0 ABC

88 32.8 40.1 27.2 30.3 48.0 21.6 30.1 63.1 6.8

sap 9.7 68.2 22.2 4.1 62.0 33.9 3.1 85.9 10.8

 T .

a Data are from the experiment depicted in Figure 14 and are ex-

pressed as percentages in each of the three regions of the to-

tal protein and enzyme recovered from all fractions.

b Regions A, B, and C correspond to fractions 1-4, 5- 7, and

8--11, respectively.

The photographs in Figure 16 show the granule distribution

in two types of gradients following centrifugation at 35,000 rpm

for 2 hours. In the SEP gradient the granule distribution ap-
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SE SEP SE

Figure 16, A photograph comparing the appearance of the

particle distribution in shallow SE and shallow SEP gradients

following centrifugation for 2 hours at 35,000 rpm.
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pears to be concentrated in one dense band corresponding to frac-

tions 6 and 7 with a general diffuse distribution from this band

to a smaller band near the top of the gradient, corresponding to

fractnxei9 and 10. In the SE gradient, on the other hand, an

additional band of granules appears. The two upper bands corre-

spond with those in the SEP gradient and are collected in frac-

tions 6-7 and 9-10 (the uppermost band is not apparent in the

photograph). The dispersion of granules in the SE gradient is

however much broader and more evident throughout the bottom half

of the SE gradient than the SEP gradient. The additional broad

diffuse band in the former appears in the lower half of the gra-

dient, centered approximately in a position corresponding to

fraction 4.

Thus the presence of 0.1M. NaZHPO4/NaH2PO4 in the media

has a significant and reproducible effect on the sedimentation

behavior or equilibrium density of the particles. In contrast

to the suggestion made earlier that the presence of salt in the

medium may enhance agglutination of the particles (Hers, 23,51‘,

1951; Dalton, 23‘31‘, 1949; and Hogeboom, g£_gl‘, 1948), the pre-

ceding experiments suggest that agglutination may in fact be a

more predominant phenomenon in the salt-free medium (SE) than in

the phosphate buffered medium (SEP).
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V. OTHER EXPERIMENTS

A. Attempts 33 Isolating Lysosomes by Differential Centrifu-

gation

Sawant, g§,51. (1964b) were able to obtain relatively pure

lysosomal fractions from rat-liver homogenates by a combination

of differential and density-gradient centrifugation. Their pre-

parations contained no detectable succinoxidase (mitochondria),

trace amounts of urate oxidase (peroxisomes), and a content of

glucose-6-phosphatase or cytochrome b5 equivalent on a protein

basis to 6-10% microsomal contamination. Other preparations were

obtained free of microsomes.

This fractionation technique was applied unsuccessfully to

liver tissue from frogs. Several modifications of the method

were introduced in an effort to obtain a preparation of lysosomes

free of other particles, particularly mitochondria. The home-

genate and samples from all steps of the fractionation were as-

sayed for protein, urate oxidase, acid phosphatase, cytochrome

oxidase, and glucose-6-phosphatase. Specific activities were

determined to monitor the purification procedure. The percent-

age yield at each step was calculated on the basis of the total

activity of the homogenate. In one analysis the final pellet

was somewhat enriched with lysosomes. The specific activity of

acid phosphatase was increased l4-fold over that of the home-

genate and the percentage yield was 1.1%. This compares unfa-

vorably with the 65-67-fold increase and 11% yield obtained by

Sawant and coworkers. Furthermore, in the present work, there

was a 15-fold enrichment of urate oxidase and a lesser increase
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(3-fold) in the specific activity of cytochrome oxidase. The

only significant reduction occurring was that of microsomal cone

tamination. The final yield was only 0.03%. These experiments-

were only exploratory in nature. To achieve the desired purpose

of such a fractionation of frog liver, numerous trial and error

fractiOnations would be required with enzyme assays and protein

determinations performed at each step in the scheme.

To ensure complete reproducibility of a particular proce-

dure the centrifugation conditions must be carefully controlled.

These conditions include the temperature and volume of the sam-

ple (determines Rmin) and the time and force of centrifugation,

including acceleration and deceleration. The time and force of

centrifugation are preferably expressed compositely as gemin

according to de Duve and Berthet (1953).

In general, the centrifuge used in the above experiments.

(IEC Refrigerated High-Speed Centrifuge, Medel HRfl, notequipped

'with a revolution meter) was illgsuited for precise cell frac-

' tionation by differential centrifugation.

B. Injections 2;,Membranes, Thmmidine and ATP, Separately and

“ igMixture' ‘ ' ' — . ‘ '

 

Membranous components are obviously present in particulate

fractions which contain mitochondria and lysosomes. ‘TO-test the

possibility that membranes nonspecifically serve in some phys-

ical capacity to stimulate egg cleavage, a suspension of fat

iglobule membranes obtained from.washed cream of unpasteurized

cows milk.(Courtesy of J.R. Brunner, Dept. of Food Science, Mich.

State Univ.) was injected into eggs at several concentrations.
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Since Stevens (1966) has shown that thymidine plus adenosine-

5'-triphosphate stimulates cytokinesis in ascites tumor cells,

a mixture of these compounds alone and in combination with the

fat globule membranes was injected into eggs.

The concentration of membranes injected was somewhat arbi-

trary. An attempt was made to use an initial concentration which

was optically comparable to an effective concentration of the

large granule fraction from liver. The choice of 1.00 mg/ml for

the initial concentration of both ATP and thymidine was based on

the results of a previous investigation (Pfohl, 1962) which

showed that the injection of this concentration of ATP was ef-

fective in enhancing the cleavage of parthenogenetically stimu-

lated eggs. I

All suspensions and solutions were in 0.25 SE medium ad-

justed to pH 7.0-7.2. An average number of 47 eggs (38-60) was

injected with each of the suspensions and solutions separately

or mixed. Injections were also made of 1/10 and 1/100 dilutions

of the above. With one exception, none of the eggs injected

*with the above materials cleaved. Of 48 eggs injected with a

solution of 0.01 mg each of ATP and thymidine/ml, one egg

cleaved.



DISCUSSION

If the appropriate biological material is introduced into

the mature egg of a frog, the egg will undergo a sequence of

normal cleavages. The aim of this study, as stated in the intro-

duction, was to elucidate the nature of the factor (second factor

of Bataillon, cleavage-initiating substance of Shaver, or for-

mative stimulus of Loeb) which regulates the cleavage response

of the egg.

Before pursuing this line of thought I will first briefly

describe the preparations a cell must make before its division

response can be elicited by a proper stimulus. This description

is based largely on the comprehensive review of mitosis and cell

division by Mazia (1961). Subsequent to this, with these prereq-

uisites in mind, we will examine in more detail the state of pre-

paredness of the mature unfertilized frog egg and the reactions

it is capable of undergoing in response to stimuli other than

those which normally incite cleavage.

I. PREPARATIONS OF THE CELL FOR DIVISION

The most obvious preparations that the cell makes for divi-

sion are dissociable to the extent that they can be separately

identified and studied. These include the doubling of chromo-

somal material, reproduction of division centers, and synthesis

and assemblage of mitotic apparatus. They are, however, inter-

dependent to the extent that successful cell division is a pro-

-110-
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duct of their coordination. Conversely, their continuance over

a period of time, where an extended sequence of cell divisions

normally occurs, is dependent on normal cell division.

The idea that the provision of an energy supply is a pre-

requisite for mitosis (Swann, 1954) has been abandoned by Mazia

(1963) since it has been shown, at least for sea urchin embryos

(Epel, 1963), that all phases of mitosis require the continuous

synthesis of ATP.

The doubling of chromosome substance is apparently necessary

for cell division to occur. Mazia (1963) has stressed the struc-

tural association of DNA and DNA polymerase as critical for the

initiation and termination of DNA synthesis. Control of cell

division may then be associated with the regulation of the level

of DNA polymerase in nuclei. Inhibition of DNA synthesis before

doubling of chromosomes has occurred precludes cell division.

Intense DNA synthesis has been shown to occur in frog eggs, how-

ever, without accompanying cleavage (Grant, 1965).

The division center may be best regarded in a functional

sense; it describes an agency responsible for polarizing the mi-

totic apparatus. According to Wilson (1966), "Cell centers, in

the physical sense...cannot be considered essential universal

parts of the mitotic apparatus. Nonetheless, even in plants

highly localized regions act as focal points for the operational

spindle. Furthermore, observations of 'split' figures involving

multipolar spindles suggest that these focal points are real

entities rather than ill-defined zones." Centrioles, when ob-

served, provide a structural basis for the activity of the cen-
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ters. Splitting of the center is an event necessary for the

establishment of the poles. This event is parallel to but in-

dependent of chromosome reproduction (Mazia, 25,51y, 1960).

Another prerequisite to division is an adequate supply of

the proteins which are necessary for forming the mitotic appara-

tus. The mitotic apparatus as defined by Mazia and Dan (1952)

includes spindles, asters, centrioles, nuclei (before break—

down), and chromosomal structures (after breakdown of nuclear

membrane).

II. THE FROG EGG--ITS STATE OF PREPAREDNESS

We will assume that at least the above preparations have

significance for cell division in general. What, then, is the

status of the frog egg with regard to these preparations? In

some cases direct answers can be obtained, while in others only

inferences can be made. In this connection we will be most in-

terested in what responses can be elicited from the egg by sim-

ple activation (i.e. the "first factor" or puncturing of the

egg). Having this information we may gain some insight into

the nature and function of the inoculated or injected "cleavage-

initiating material."

The egg is an exceptional cell in that it has differentiated

a complex cytoplasmic organization during oogenesis. The mature

egg is initially equipped to elaborate a multicellular system

which is itself capable of morphogenesis. The state of the am-

phibian egg is summarized by Grant (1965). The activation of the
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amphibian egg at fertilization initiates the patterns of DNA

replication, spindle formation, and energy cycling associated

with mitosis and cell division. Since division of the egg can

occur in the absence of a nucleus as well as under anaerobiosis

and in the presence of actinomycin D, nucleic acid analogs, and

nitrogen mustard, Grant (1965) suggsts that functional protein-

forming systems and an energy source sufficient to carry the egg

through cleavage are preformed in the egg.

A. §pppg_p§ Cytoplasmic 2N5 gag 2N5 Precursors

There are many reports dealing with the quantity of DNA in

egg cytoplasm (see review by Grant, 1965). Most recently, for

example, Dawid (1965) has shown that the eggs of Rep; pipiens

and Xenopus laevis contain 300-500 times more DNA than the so-

matic cells of these animals. He further concludes (1966) that

two-thirds of the DNA of eggs is of mitochondrial origin. How-

ever, many other workers have reported much greater quantities

of DNA per egg than that estimated by Dawid (1965). Haggis

(1964), for example, estimates the DNA content per egg (5‘

pipiens) to be 0.2 pg while Dawid (1965) obtains a value of 4.5

mpg. The latter author also rejects the generally accepted hy-

pothesis that cytoplasmic DNA functions as a storage material

for the assembly of chromosomes during early development. What-

ever the case may be, a number of workers (Grant, 1958; Bieber,

pp ply, 1959; Hoff-Jérgensen and Zeuthen, 1952) have, by direct

measurement, demonstrated large stores of deoxypentose deriva-

tives in 53p; pipiens eggs. A large store of non-specific pre-

cursors for the synthesis of chromatin material has also been



-114-

shown indirectly to exist in the eggs of 52p; pipiens (Briggs

and King, 1955) and Xenopus laevis (Graham, 93,21‘, 1966). This

synthesis, according to Grant (1965), "...is dependent on the

state of the egg cytoplasm rather than any factor introduced by

sperm, because artificial activation and development is possible

in most eggs. The egg seems primed to initiate rounds of DNA

replication but is somehow inhibited and can be readily released

from this inhibition by chemicals and physical changes occurring

in the cytoplasm.... It is possible that enzymes...essential for

DNA replication are 'masked' or inhibited and are released upon

activation."

That the egg need not be incited to cleave by fertilization

or injection of active material in order to initiate DNA repli-

cation can be inferred from the early cytological studies of

Bataillon (1929) which showed that mere activation of the egg by

pricking resulted in an increase in the size and number of chro-

mosomes in the egg. In a brief report, Huff and Ramirez (1966)

also observed nuclear replication occurring as early as ten hours

after activation. By 16 hours 8 to 14 nuclei were distributed

throughout the uncleaved egg (Ramirez and Huff, 1967).

More definitive proof comes from a recent study by Graham

(1966) with unfertilized eggs of Xgppppg,lggyig. The nuclei of

eggs which he had injected with H3-thymidine were 611 labeled

within 60 minutes. Puncture of the egg in the course of injec-

tion activates the egg. As in the eggs of Rgpp pipiens, cleavage

does not ensue. This result demonstrates that the factor which

initiates mitosis and cell division is not the same as that which



-115-

induces DNA synthesis. Finally, cleavage of amphibian eggs can

t a_1_., 1951;occur in the absence of chromatin material (Briggs,

Fankhauser, 1934).

B. Synthesis 2; Proteins

For cleavage to occur the egg must either contain or be able

to synthesize as required a large store of essential proteins or

protein subunits. These would include spindle and aster proteins,

cell membranes, and probably histones (in regard to the last,

see Moore, 1963).

Evidence is rapidly accumulating in support of the idea that

the unfertilized egg contains all the synthetic machinery neces-

sary for the production of the special proteins required by rap-

idly dividing cells.

For example, Actinomycin D, known to inhibit DNA dependent

RNA synthesis, exerts little effect on cleavage (Brachet, pp.ply,

1964). Other workers have, however, been able to stop cleavage

by injecting this agent at lower concentrations than those used

by Brachet and his coworkers (L.D. Smith and R. Ecker, personal

communication). Nonetheless, the RNA molecules and ribosomes

necessary for protein synthesis are present in adequate amounts.

Brown and Caston (1962) have shown that eggs and early embryos

of Rep; pipiens contain relatively small but apparently suffi-

cient amounts of cytoplasmic ribosomes for the protein synthesis

required during embryogenesis up to Shumway stage 18.

Thatprotein synthesis is necessary for continued cell divi-

sions is demonstrated by the fact that amphibian eggs injected

with puromycin soon cease cleaving (Brachet, gp al,, 1964). In-
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teresting in this regard is the finding of Ficq (1964) which

demonstrated that Actinomycin D could inhibit cleavage of Xenopus

laevis eggs if the odcytes were exposed to the agent during o8-

genesis 6 weeks prior to fertilization. Apparently the RNA

types necessary for protein synthesis during the cleavage period

are produced during odgenesis. In this connection, Spirin

(1966) reviews the evidence supporting his hypothesis of "masked"

messenger RNA in unfertilized eggs and its utilization during

cleavage and early development.

According to Brown and Littna (1964) the mature odcyte does

not synthesize RNA. During ovulation, however, when meiosis is

known to occur, the mature odcyte synthesizes a small amount of

heterogeneous RNA. No detectable synthesis of ribosomal or sRNA

occurs during ovulation. Fertilization does not result in any

obvious additional synthesis of RNA until late cleavage (het-

erogeneous RNA and 48 RNA). Ribosomal RNA synthesis begins at

gastrulation along with the first appearance of definithnenucle-

oli.

Another preliminary to cleavage involves the maturation of

the germinal vesicle. Contents of the mature vesicle must be

mixed with the cytoplasm of the egg before cleavage can success-

fully be induced by sperm or artificial means (Detlaff, pp 21‘,

1964). Following germinal vesicle maturation and breakdown

(induced by intracoelomic injection of pituitary hormone) protein

synthesis begins to increase (Smith, 25,2;y, 1966) until it

reaches a maximum level at least 10 times higher than that ob-

served in full grown ovarian odcytes fromuninjected frogs. The
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incorporation of tritiated leucine remains at a maximum level

for a period of days, regardless of whether or not the egg is

fertilizedCKLactivated. The same level and rate of incorpora-

tion occurs in eggs that are fertilized, simply activated or

even enucleated (Smith and Ecker, 1965; Ecker and Smith, 1966).

These observations suggest to the authors (Smith and Ecker,

1965) "...that fertilization and subsequent cleavage divisions

are not prerequisites for continued protein synthesis. Moreo-

ver, the results obtained from enucleated eggs indicate that

protein synthesis can take place in the absence of continuous

nuclear control, and thus would not be due to the continued pro-

duction or release of new 'messenger RNA' by the nucleus."

These authors have also studied the synthesis of proteins

in defolliculated ovarian eggs matured ip,yippp by treatment with

progesterone (personal communication). The pattern of protein

synthesis is identical to that in eggs maturing ip,xix_. The

frog egg is remarkable in still another way. F. Greenslade (per-

sonal communication), using the ip,yippp system of Smith and

Ecker, has enucleated the odcytes (removed the germinal vesicle)

at the time of progesterone treatment. His preliminary results

indicate that 24-48 hours after progesterone treatment RNA syn-

thesis is occurring in the enucleated eggs at the same level as

in the nucleated controls.

0. __sXEner 229mm

If the results of experiments on sea urchin eggs have gen-

eral validity, then the conventional idea that the provision of

an energy supply is a prerequisite for mitosis, as proposed by
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Swann (1954), should be abandoned (Mazia, 1963). In a sense

the sea urchin egg does have a reserve of energy that wiu.carry

it through some stages of mitosis after its supply of energy has

been cut off. Epel (1963) has shown that mitosis can be blocked

at any stage if the inhibition is applied at an appropriate

time before that stage. The results obtained by this author

(1963; see also Mazia, 1963) indicate that mitoses in the sea

urchin egg depend on the continuous functioning of the oxidative

phosphorylation system, and hence the continuous synthesis and

utilization of ATP. The following discussion will indicate that

this may not be strictly true for the frog egg in which the

glycolytic cycle may play a significant role.

The frog egg contains an abundant store of energy-rich ma-

terials. Glycogen accounts for about 8% of the dry weight of

the mature egg, lipids about 25% and the proteins of the yolk

platelets even more (Barth and Barth, 1954). The egg contains

a total of about 10-12 micrograms of phosphate which is stored

in the form of phosphoprotein, nucleic acids, phospholipids, and

acid-soluble phosphate (including such compounds as ATP)(Grant,

1953).

Biochemical studies show that the usual glycolytic, tri-

carboxylic and energy transfer systems are present in the amphi-

bian egg (see reviews by Barth and Barth, 1954, and Boell, 1955).

The respiratory mechanisms are functional in the unfertilized

egg; a relatively high respiratory activity was observed in the

eggs of Bpfg immediately after their removal from oviducts (A.H.

Legname, 1962, cited in Barbieri and Salom6n, 1963). Experi-
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ments by others (Spiegelman and Steinbach, 1945; Gregg and Ray,

1957) have established through analyses of homogenates of frog

embryos that enough respiratory machinery is available at the

onset of development to support oxidation rates greater than

any exhibited by intact prehatching embryos.

Phase contrast and electron microscopical studies of amphi-

bian odcytes reveal that the morphological counterparts (mito-

chondria) of at least the TCA and energy transfer systems are

present in large numbers (Balinsky and Devis, 1963; Wischnitzer,

1964; Ward, 1962a, 1962b; Kemp and Istock, 1967; and L.D. Smith

and M. Williams, personal communication).

The energy requirements for the clevage process in amphibian

embryos are apparently rather low, since the respiratory scheme

of energy production can be interfered with by anaerobiosis and

cyanide without any observable effects on cleavage up to the

blastula stage (Parnas and Krasinka, 1921; Salom6n and Barbieri,

1964; Barnes, 1944; and Spiegelman and Meog, 1945). Although

sodium fluoride interfered with the metabolism of pyruvate in the

eggs of ppfp arenarum, it did not effect cleavage or glycolysis

as demonstrated by the continued production of lactic acid

(Salom6n and Barbieri, 1964).

Under anaerobic conditions development of the frog egg pro-

ceeds from early cleavage to the early gastrula stage. Since the

ATP content during this period decreases only about 3% while the

inorganic phosphate increases about 11%, Barth and Barth (1954)

conclude that the low energy demands during cleavage come from

the breakdown of other esters in addition to ATP. Harrison (1965)
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suggests that phosphorylation of creatine may provide a store

of phosphate bond energy. ,

The production of some high energy intermediates may occur

through the breakdown of glycogen and passage of glucose through

the glycolytic pathway. A buildup of lactic acid has been ob-

served in the absence of oxygen (Barbieri and Salom6n, 1963).

Cohen (1954) has shown that frog eggs, even by first cleavage,

contain the enzymes and coenzymes necessary to convert glycogen

to lactic acid.

Many authors have emphasized the role of ATP in cleavage

(see Pfohl, 1962, for a review of the pertinent literature).

Brachet (1954), for example, has shown that dinitrophenol, which

uncouples phosphorylation from oxidation, will eventually inhi-

bit cleavage of amphibian eggs. Gelation, which occurs in a cy-

clic fashion in cleaving eggs of Rgpg i iens, is an endothermic

process (Mersland and Landau, 1954). Presumably ATP could serve

as an energy source for this process.

Details are lacking on the production and utilization of

energy in eggs which are merely activated. That energy producing

mechanisms are active can be inferred from the fact that processes

known to require energy do occur in activated but uncleaving

eggs of the frog. The synthesis of protein in activated and enu-

cleated eggs (Smith and Ecker, 1965) and of DNA in activated

eggs (Graham, 1966) are pertinent examples. Other evidence, per-

haps less convincing, comes from the observation by Huff and

Ramirez (1966) that activated but uncleaved eggs contain many

cyasters. From the work of Marsland and Landau (1954), previously
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mentioned, we must assume that energy is required for the for-

mation of these cytasters.

To what extent these events can proceed with the available

stores of ATP or other high-energy intermediates is unknown.

From the preceding discussion, however, it is readily apparent

that the sperm or cleavage-initiating material can add nothing

of significance to the already abundant store of energy-rich

materials in the egg. It seems unlikely, furthermore, that

some constituent of the sperm or the cleavage-initiating material

is necessarily involved in activating the energy-producing ma-

chinery of the egg.

D. Division Centers
 

The division center associated with the nucleus of the

frog egg does not normally become involved in the cleavage pro-

cess. During fertilization the spermatozoon carries into the

egg an active division center which replaces or renders inef-

fectual the one initially present in the egg (Boveri, 1895).

The amphiaster (achromatic apparatus) for the first cleavage of

a fertilized egg arises by the division of the center (centriole)

around which the sperm aster forms. For detailed discussions of

the origin and function of the division centers and their asso-

ciated astral figures in fertilized and artificially activated

eggs, the reader is referred to reviews by Wilson (1925), Tyler

(1941), Chambers and Chambers (1961), and Briggs and King (1959).

The inability of the frog egg to cleave normally in the

complete absence of a division center from the sperm or egg nu-

cleus suggests that the egg cytoplasm cannot independently form
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effective centers (Briggs, 25.21;, 1951). A recent cytological

study of the eggs of Rep; pipiens (Ramirez and Huff, 1967) re-

veals the presence of a large number of cytasters in activated

and enucleated eggs. This suggests that division centers may

arise g2,ppyp in the egg cytoplasm. However, the actual origin

of these cytasters is still unknown. To date, no electron mi-

croscopical studies have been published which demonstrate that

division centers are in fact associated with the cytasters in

frog eggs. On the other hand, the cytasters in artificially

activated sea urchin eggs are apparently biochemically identical

to the mitotic apparatus of fertilized eggs (Dirksen, 1964).

Electron microscopical studies have further revealed the presence

of a centriole in the center of each cytaster (Dirksen, 1961).

Successful artificial parthenogenesis of frog eggs implies

that the center associated with the egg nucleus may become func-

tional (Herlant, 1913), or alternatively, a functional center is

introduced with the cleavage-initiating material (Bataillon,

1929). According to Bataillon the inoculated material catalyzes

the formation of an aster contemporaneous with the appearance of

the spermaster (about 40 minutes after inoculation or fertiliza-

tion, 17-18°C) in a fertilized egg. The female pronucleus, sit-

uated at the periphery of the egg, moves down the rays of the

aster of inoculation. Before it arrives at the center of this

aster, the latter divides to form a dicentric system upon which

the chromosomes of the female pronucleus are released. This be-

havior is identical with the sequence of events in a fertilized

egg (Bataillon, 1929). Of course in the absence of a sperm, fu-
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sion of the pronuclei does not occur.

On the other hand, an aster does not begin to form for

about 2 3/4 to 3 hours (18°C) after an egg has been simply ac-

tivated (puncture, electric shock). By this time the migration

of the female pronucleus has carried it toward the center of the

egg and the pronuclear membrane has broken down. While mitosis

can and does occur, it is always monocentric. After 3% hours

some accessory cytasters may also appear which occasionally give

rise to "pseudoamphiasters" resulting in an irregular segmenta-

tion of the egg, if the former are near the egg surface.

E. Summary

The frog egg seems able to synthesize DNA, RNA, and protein

when subjected to appropriate stimuli.

Maturation of the egg with concommitant protein and RNA syn-

thesis is initiated by hormone treatment. Completion of the mat-

uration process, replication of chromatin material, and formation

of cytasters occur when the egg is simply activated by puncture

or electric shock.

These stimuli, however, do not lead to the formation of an

amphiasteral system.which functions harmoniously in mitosis.

Normal cleavage never occurs unless the appropriate material is

inoculated or injected into the egg.

In the sections which follow I will discusa,together with

the work of others, the results I have obtained from investiga-

tions on the nature of this cleavage-initiating material.
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III. THE NATURE AND ROLE OF THE CLEAVAGE-INITIATING MATERIAL:

RESULTS OF THE PRESENT INVESTIGATION

A. Source.and Particulate Nature pf the Cleavage-Initiating

Lam" _—' ‘—

The experimental results tabulated in a preceding section

demonstrate the presence of cleavage-initiating (CI) material in

the heart, brain, and liver tissues of 53p; pipiens. Active ma-

terial is obtainable from a wide variety of tissues (see Bogucki,

1923, 1926; Einsele, 1930; Parat, 1933; Rostand, 1938; Shaver,

1953; and Huff and Preston, 1965).

Tissue fractionation studies using sucrose media in con-

junction with differential and gradient centrifugation tech-

niques revealed that the CI activity sediments with the large

granules of a cell. These results confirm sbmilar observations

made earlier by Shaver (1953).

Assays for marker enzymes showed that the large granule

fractions contain at least mitochondria, lysosomes, and peroxi-

somes. Although Shaver (1953) did not assay specifically for

marker enzymes, his procedure for obtaining large granule frac-

tions is comparable to that used by other workers to obtain a

"mitochondrial“ fraction (Allfrey, 1959, p. 254).

Suspensions of nuclei at various concentrations were inef-

fective as CI material. There was also no detectable activity

in the supernatants of tissue homogenates (in 0.25 or 0.7 SEP

media) centrifuged at 20,000g. This would suggest that small

granules or microsomes were inactive. To Specifically test this

idea, a microsomal pellet was prepared from the supernatant of a

10,000g, 10 minute centrifugation of a liver homogenate freed of
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whole cells and nuclei. The final suspension of small granules

contained about one-fourth the CI activity of a large granule

suspension prepared from the same homogenate (Table VII). Most

likely, however, this activity was due to contamination with

large granules. The volume of the material centrifuged and the

conditions of centrifugation were such that complete sedimenta-

tion of the large granules was unlikely. Table V1, for example,

shows that even after the S1 supernatant (0.7 SEP medium) was

centrifuged at 20,000g for 1 hour, almost 1/3 of the cytochrome

oxidase activity remained in the supernatant. It is possible

that such contamination could account for the small amount of

CI activity in the small granule fraction prepared by Shaver

(1953).

The absence of detectable CI activity in 82 (Tables III and

IV) could be explained by assuming that the large granules were

dispersed in too great a volume of medium, and were thus too

"diluted".

This brings us to some interesting observations on the cor-

relations of the concentration of the injected material with the

percentages of eggs which cleave and the quality of the blastulae

obtained.

B. The Effect pf the Concentration pf the Cleavage-Initiating

Material pp_the Freguenpy and the Qpalityypg Cleavage

The fact that the concentration of the material inoculated

or injected into eggs is very important in determining whether

or not the egg will cleave normally was already ascertained by

some of the earliest workers in the field. Bataillon (1929, p.
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735), for example, states: "Ce n'est pas l'inoculation la plus

riche qui donne les développements les meilleurs, au moins quand

elle encombre l'énergide principals."

When inoculating whole cells or whole homogenates the danger

usually lies in introducing too much material rather than too

little. However, sufficient amounts of active material probably

do not get into the egg when cell-free extracts or biochemical

preparations are inoculated (Einsele, 1930; Voss, 1923). With

his injection technique Einsele (1930) could be more certain that

adequate amounts of material were introduced. The results ob-

tained by Einsele (1930) and Parat (1933) following the injection

of cell-free testis and blood extracts are very similar to those

obtained in the present study. These authors reported that if

the material injected was too concentrated either very few or

no eggs cleaved. As the material was diluted an optimum concen-

tration of active material was attained, resulting in the cleavage

of a high percentage of the injected eggs. Shaver (1953) has

suggested that the lack of normal cleavage or variability in the

percentages of cleavage obtained after injecting extracts of var-

ious tissues is due to variations in the concentration of the

granules injected. The present investigation has extended these

results and includes an analysis of the quality of the blastulae

obtained following the injection of Ry i iens eggs with.sub-

cellular fractions of liver tissue from the frog.

The data clearly show (Figures 4 and 5) that there is a

range of concentration of large granules which is optimum for

obtaining a high percentage of good quality blastulae. About
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17% to 28% of the eggs can be expected to cleave when injected

with material in the 1:16 to 1:134 relative concentration range.

The percentages in Figure 5 are averages, with their standard

errors, obtained from pooled data. In individual experiments

over 40% cleavage was frequently observed. When material of

greater or lesser concentration than the 1:16 to 1:134 range

was injected fewer of the eggs cleaved to blastulae.

Most of the blastulae which developed from eggs injected

with Cl material were partial to varying degrees. The extent

of this "partialness" was shown to be dependent on the concen-

tration of the injected active material (Figure 4). If material

of 1:33 or less relative concentration was injected, 60% of the

blastulae which were obtained consisted of blastomeres which cov-

ered over one-half of the egg surface. Injection cf 2:1 to 1:15

material resulted in fewer than 27% 0f the blastulae with blasto-

meres covering more than one-half of the egg surface. About 45%

of the blastulae in this case had blastomeres only over one-

fourth or less of the surface.

The blastomeres composing the partial blastulae obtained

through artificial means by other workers were of regular size

and contained nuclei (Frazier, 1951; Ramirez and Huff, 1967).

The pH of the large granule suspensions was unaltered by

the dilution procedure. Furthermore, the proportion of nonsedi-

mentable protein to total protein did not increase upon dilution.

It is unlikely therefore that proteins released during dilution

(beyond the 1:134 concentration) could act as inhibitors of the

CI activity.
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Shaver (1953) observed marked differences in the CI activ-

ity of extracts from various tissues. Liver tissue apparently

contained the least CI material. He suggests, however, that under

the conditions of his experiments the differences in CI activity

may not reflect actual variations in the content of active mate-

rial in the cells. That they do not, is suggested by the high

level of activity obtained from liver tissue in the present study.

It is possible that the extracts of liver injected by Shaver con-

tained too great a concentration of CI material.

C. Speculations Concerning the Role of the CI Material

"...il est de tradition trop constante

chez les chercheurs d'attribuer a la

derniere version des faits le maximum

d'exactitude et de vertu explicative."

Bataillon, 1929.

The number of cytasters produced by parthenogenetically

stimulated sea urchin eggs is dependent on the strength of the

parthenogenetic stimulus. A persisting monaster is the result

of an insufficient stimulus; a monaster followed by an amphi-

aster, of an optimum stimulus; and accessory cytasters of an

overstimulus (Fry, 1925). Both Fry (1925) and Chambers (1921)

have demonstrated that one aster associated with the nucleus may

lead to normal development of the egg. The presence of acces-

sory cytasters leads to abnormalities in the further development

of the activated egg.

Much the same situation exists in an artificially stimulated

frog egg (Bataillon, 1929). An insufficient stimulus, such as

merely puncturing the egg, results only in the delayed formation

of a monaster which subsequently undergoes cyclic sol-gel trans-
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formations. Inoculation or injection of the optimum amount of

active material results in the formation of an aster comparable

in morphology, physiological functions, and time of appearance

to that of the sperm aster in a fertilized egg. Introducing too

much CI material into the egg is detrimental since an abundance

of small accessory cytasters are formed which interfere with the

normal growth and functioning of a principal one. Under optimum

conditions the latter would normally become associated with the

female pronucleus.

Although numerous cytasters may appear after simple activa-

tion of the frog egg, their appearance is delayed until a time

when the egg is no longer capable of cleaving.

Huff and Ramirex (1966) suggest "that the main difference

between parthogenesis in sea urchins and frog is the time re-

quired for activated eggs of these two animals to produce cyt-

asters capable of forming cleavage spindles." Extracts of acti-

vated eggs known to contain cytasters are capable of inducing

cytaster formation and cleavage in other unfertilized frog eggs

(Huff and Preston, 1965; Huff and Ramirex, 1966).

On the basis of the above and preceding discussions it is

apparent that the egg is a self-contained unit capable of cleavage

and development upon being adequately stimulated. With the on-

set of maturation and subsequent activation one finds the egg

capable of chromatin replication, protein and RNA synthesis, and

even aster formation. Deficiencies may exist in all of these

processes, but the only deficiency obvious at the present time

is in the formation of a normal aster. To reiterate, although
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a monaster may form in a pricked egg, its appearance is delayed

when compared to the time of formation of the monaster (sperm-

aster) in a fertilized egg. The former has never been observed

to give rise to an amphiaster. Pseudo-amphiasters may appear as

a result of the union of a monaster with one or more of the aces-

sory cytasters which appear after the monaster has formed; how-

ever, they do not give rise to normal cleavages.

It is my opinion that the role of the CI material injected

into the egg of a frog resides in its ability to catalyze the

formation of a monaster around a center which is capable of di-

viding and giving rise to a functional amphiaster. Either the

material injected serves as a center for the monaster formation,

as suggested by Bataillon (1929), or it activates something al-

readly present in the egg to serve in this capacity. The nature

of the active material will be discussed further in a subsequent

section. '

Opposition to this proposed role might be inferred from the

work of others which suggests that asters are not essential for

cleavage.. For example, Dietz (1966) after studying the spermato-

cyte divisions in a crane-fly concludes that asters are of no

importance for chromosome movement and cell division. They

merely represent the mechanism by which centrioles, essential in

the formation of cilia, sperm tails, etc., are distributed to

daughter cells. The centrioles and their associated asters may,

however, play a role in morphogenesis by determining the orien-

tation of the spindle axis within the cell.

On the other hand, the results of studies on amphibian and

sea urchin material impel one to assign a much more important
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role to asters in the cleavage of eggs of these species.

Chambers and Chambers (1961) review the results of a number of

studies on this problem in marine invertebrate material. They

conclude (p. 250) that "while the furrowing process occurs in-

dependently of the late mitotic figure, there is no question

that the ultimate location and timing of cleavage depends on

influences emanating from the early mitotic figure.... As is

well known, the cleavage plane is located at right angles to the

long axis of the developing spindle. Evidently the mitotic fig-

ure exerts the determinative influence responsible for this re-

lationship comparatively early, so that by the time the later

stages of the mitotic figure are attained, the differentiation

in the cortical region responsible for the furrowing process has

already been well established."

The above conclusions may very well be true for amphibian

material. The importance of asters for regulating the rhythm of

division and assuring normal cleavage to the blastula stage was

noted by Fankhauser (1934).

Dan and Kuno-Kojima (1963) and Waddington (1952) have dem-

onstrated an independence of furrow formation in the cortex of

a cleaving amphibian egg from the underlying endoplasm. Once

the furrowing process has begun, it proceeds autonomously by some

self propagating mechanism. The authors envision some factor

within the cell as the force initiating the furrowing. In some

very preliminary experiments Waddington (1952) was able to modi-

fy the position of the cleavage furrow by shifting the position

of the anaphase spindle. These results suggest that the mitotic
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apparatus may have an influence on the early stage of furrow

development. Zotin (1964) believes that the formation of an

internal wall (diastema) at the anaphase stage and its growth

toward the egg surface is the first step in the cleavage process.

The furrow is initiated and determined when the diastema ap-

proaches the surface of the animal hemisphere. Zotin (1964) sug-

gests that the diastema is an adaptation developed in large eggs

to bring furrow -inducing substances to the site of the local

action at the surface of the egg.

The importance of asters may lie in directing the forma-

tion of an effective diastema.

D. Attempts pp Characterizing ppp_Active Particle

The results discussed thus far confirm the previous obser-

vation by Shaver (1953) that the CI activity extractable from

animal tissues is associated with the large granules in cells.

The role proposed for CI material upon being introduced into the

egg is essentially the one set forth years ago by Bataillon

(1929).

Until now reference has been made in general terms to the

localization of the CI activity in the large granule fraction.

Reference was made earlier to the fact that this fraction con-

tains at least the following particles: mitochondria, lysosomes,

and peroxisomes.

The following discussion will describe attempts I have made

to characterize the active component.

1. Necessity pg Particulate Structural Integrity - Treat-

ment by freeze-thawing and insonation are techniques commonly
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used to disrupt the structure of cellular particles.

When large granule fractions were treated two times by

freezing in a dry ice-acetone mixture and thawing at room tem-

perature, the CI activity was completely destroyed. Insonation

of a large granule fraction for 3 minutes destroyed about 90% of

its CI activity. The release of an inhibitor of the CI agent or

of the cleavage process itself by these treatments is one possi-

ble explanation for their observed effect. This is unlikely, how-

ever, in view of the fact that neither the supernatants nor re-

suspended pellets of centrifuged frozen-thawed material were ac-

tive, and the resuspended pellet of centrifuged insonated mate-

rial contained about the same level of activity as the uncentri-

fuged insonated fraction.

Determinations of protein and marker enzymes were made on

the treated material in hopes that loss of CI activity could be

correlated with the breakdown of either lysosomes or mitochondria.

Following the freeze-thaw treatment (Table III) in two experi-

ments, 21% and 33% of the protein were released into solution.

In both experiments only 18% of the acid phosphatase was solu-

bilized. All cytochrome oxidase activity remained in associa-

tion with sedimentable particles.

Protein and acid phosphatase were released to about the

same extent when the large granule fractions were insonated.

After 3 minutes of insonation in one experiment 52% and 55% of

the acid phosphatase and protein, respectively, were released.

In another experiment (Fig. 3),after 3 minutes of treatment, a-

bout 64% and 68% of the protein and acid phosphatase, respec-
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tively, were released. Only about 37% of the cytochrome oxidase,

however, was recovered in the supernatant.

The low extent to which protein, acid phosphatase, and cyto-

chrome oxidase are released by freeze-thaw treatment does not

lend much support to the idea that either mitochondria or lyso-

somes are the active components. The results of treatment with

ultrasound could be interpreted to support an active role for

lysosomes. On the basis of these experiments, one cannot exclude

mitochondria, however. Cytochrome oxidase unfortunately was not

a wise choice in this instance as a marker enzyme for mitochon-

dria, since it is firmly bound in the membrane structure of the

mitochondrion. Mitochondrial disruption would therefore not be

accurately reflected by the relative amount of this enzyme in

the soluble phase.

The fact that most of the acid phosphatase was sedimentable

after two treatments by freeze-thawing may perhaps be attributed

to the adsorption of released enzyme to intact particles or par-

ticle fragments. Direct evidence to support or refute this pos-

sibility is lacking. The assay conditions (37°C, % hour) pre-

cluded the pessibility of distinguishing between the activity

of adsorbed enzyme and the activity of enzyme within intact ly-

sosomes (bound or "latent" activity)(Appelmans and de Duve,

1955). Nonetheless, it is unlikely that adsorption of free en-

zyme to sedimentable particles obscured the extent to which the

bound enzyme was released. Consider the following facts: 1) The

presence of 0.1M.phosphate in the medium (SEP)‘would have mini-

mized the adsorption of soluble proteins to particles (Beinert,
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1951; Berthet, pp al,, 1951). 2) Insonation of a large granule

fraction, suspended in SEP medium, for two minutes resulted in

the solubilization of more than half of the total acid phospha-

tase (Figure 3). One would expect adsorption to be equally im-

portant following the freeze-thaw or insonation treatment. Either

it apparently is not as important following insonation or, more

likely, the lysosomes are in fact not extensively disrupted by

two freeze-thaw treatments.

The large granule fractions were also subjected to storage

at 2-3°C for various periods of time and to high temperature

(52°C). These treatments could feasibly cause disruption of ly-

sosomes and mitochondria. The release of acid phosphatase from

rat liver lysosomes is effected by aging and elevated tempera-

tures (Berthet and de Duve, 1951; Berthet, 25,31y, 1951). Very

likely the lysosomes in the large granule fraction from frog

liver also gradually break down during storage and when subjected

to 52°C. As a result of the breakdown of lysosomes, previously

"latent" hydrolytic enzymes become active. As a consequence

mitochondria as well as other subcellular particles may be at-

tacked by acid proteases (Sawant, gp_ply, 1964a). Determinations

of TCA-soluble material sensitive to the Folin-Ciocalteu Phenol

reagent were performed on large granule fractions aged for 1-30

days. No definite increase in hydrolytic products with age was

apparent.

Both aging and heating had a detrimental effect on the CI

capacity of the fractions. Heating at 52°C for 10 mdnutes com-

pletely destroyed the CI activity. A gradual but definite de-

crease in the CI activity of the fractions occurred with an in-
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crease in the time of storage.

The absence of a correlation between the amount of protein

hydrolyzed and the age and CI activity of the fractions does not

preclude the possibility that undetectable amounts of protein imp

portant to CI activity were hydrolyzed or denatured.

Previous workers have reported that heating active material

to 55°C or more completely destroys its activity (Bogucki, 1921;

Parat, 1933; Shaver, 1951). Shaver (1951) noted, however, that

heating large granules to 52°C for as much as 30 minutes increased

rather than decreased their CI activity. His results conflict

with those obtained in the present study. This conflict may be

resolved if we assume that the material Shaver was working with

was much more concentrated than that employed in the present

study. The concentration of the material injected by Shaver is

estimated to be about 2:1. Concentrations this high in the pres-

ent study demonstrated a low level of cleavage-initiating abil-

ity. Destruction of active material by heating might reduce its

concentration to a more effective level.

The preceding results demonstrate that some integrity of the

particle structure must be retained if the particle is to remain

active in initiating cleavage. This interpretation could be ex-.

tended to mean that a particular biochemical must remain struc-

turally integrated with an intact particle in order to express

its cleavage-initiating capacity. The results of the heating

experiments suggested to several authors (Bogucki, 1921; Parat,

1933) that enzymes are the active constituents. The fact that

the injection of a variety of enzyme preparations has proven in-
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effective (Bogucki, 1922; Shaver, 1953) does not preclude the

possibility that an enzyme or group of enzymes is the effective

CI factor.

2. Analyses Upgpg Sucrose Density Gradient Centrifpgation -

In order to determdne if a particular type of cell component in

the large granule fraction was responsible for the CI activity,

the large granule material was further fractionated by sucrose

density gradient centrifugation. Both the SE and SEP media were

used in forming the gradients. The steep gradients ranged in

concentration of sucrose from 0.25 to 1.8M, the shallow gradients,

0.8 to 1.8M.

a. Spggp gradients gig; §§§ m_e_<_1_i_§_ - The first fractiona-

tions of large granule material from frog liver were performed

with steep SEP gradients (Fig. 6 and 7).

The CI material was initially found in all the gradient

fractions, but when the fractions were appropriately diluted,

the greatest concentration of active material was found in the

same fractions which contained the greatest concentrations of

mitochondria, lysosomes, RNA, DNA, and protein.

b. Shallow gradients yiph_§§_mpgi§ - In view of the simi-

lar densities of mitochondria and lysosomes, shallower gradients

were used in an effort to enhance their separation. The shallow

gradients were formed with SE media since several workers (Hers,

gp_gly, 1951; Dalton, gp_gly, 1949; Hogeboom, pp,gly, 1948) had

reported that the presence of electrolytes in the isolation medi-

um may cause cytoplasmic particles to agglutinate.
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The shallow SE gradients yielded some degree of separation

between mitochondria, lysosomes, and peroxisomes (Fig. 9-11).

In general the particles were much more broadly distributed in

these gradients than in the steep SEP gradients. The lysosomal

distribution was broader than the mitochondrial and tended more

toward the less dense region of the gradient. The peroxisomes

were largely distributed in the heavy end of the gradient, the

maximum concentration being in the bottom fraction (No. 1). As-

says for ribonuclease revealed that the distribution of this ly-

sosomal enzyme was erratic. This distribution may in part be

explained by adsorption of the enzyme to cytoplasmic particles,

especially microsomes (Schneider and Hogeboom, 1952). The fact

that the media (SE) contained no electrolytes would contribute

to this phenomenon (Beinert, 1951; Berthet, gp ply, 1951).

Injection of samples from each of the fractions into frog

eggs revealed an even broader distribution of CI material in the

shallow SE gradients than in the steep SEP gradients. Further-

more, injection of diluted fractions did not demonstrate any cor-

relation of CI activity with any particular type of cell compo-

nent. Injection of the most dilute fractions indicated that most

of the CI material was localized in the lower half of the gradi-

ent. The significant activity frequently observed in the upper-

most fraction (No. 11) may in part be attributed to the collection

of particles adhering to the tube wall by the meniscus as the

tube is emptied.

3. Subfractionation pg Insonated Material pp Shallow §§_gpp;

dients - Since lysosomes are more labile particles than mitochon-
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dria one might expect that brief treatment with ultrasound would

preferentially disrupt the lysosomes. The experiments performed

(Fig. 12) show a significant release of enzymes from.lysosomes

and peroxisomes upon treatment with ultrasound. Mest of the pro-

tein was likewise converted to a non-sedimentable form. The

mitochondrial distribution was not as markedly affected (compare

Fig. 10A and 12B). The bulk of the cytochrome oxidase was pres-

ent in fractions 4-6 in both the treated and untreated material.

Whereas no activity was recovered in fractions 9-11 of the non-

insonated preparations, almost 20% of the total recovered activ-

ity was found in these fractions of insonated material. Some of

this gain in activity was reflected by the considerable loss of

activity in fractions 1-3.

In their gradient fractionations of rat liver "mitochon-

drial" preparations, de Duve (1964) and his coworkers consider

the protein distribution to be essentially the same as that of

the mitochondria. The marked difference obtained in the present

study between the distribution of protein and cytochrome oxidase

from insonated material is therefore surprising. Although the

reason for this difference is unknown, two possible explanations

come to mind. One, lysosomes or peroxisomes may be present in

substantially greater amounts than at first assumed. Two, the

bulk of the protein present in the top of the gradient may have

come from soluble proteins present in the matrix of intact mito-

chondra. Presumably 56% of the protein of rat liver mitochondria

is in the soluble form (Hogeboom and Schneider, 1950). If the

latter alternative is correct one would expect the majority of
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the cytochrome oxidase bearing particles to be mere mitochondrial

shells. Insonation would presumably disrupt the osmotic space

of the mitochondria while releasing soluble proteins from the ma-

trix with the result that the membranes of such particles would

be freely permeable to water and sucrose. These particles would

have a greater density than the intact mitochondria (Beaufay

and Berthet, 1963). Using the equations formulated by Beaufay

and Berthet (1963) to calculate the theoretical densities of the

intact mitochondria and the insonated mitochondria it was esti-

mated that the equilibrium densities of the two types of parti-

cles should be two gradient fractions removed from each other.

A review of Figures 10A and 12B shmmsthat such is not the case.

The distribution of CI activity in this shallow SE gradient

again defies explanation (Fig. 120). The distribution of activ-

ity shows no correlation whatsoever with the distribution of any

of the enzymes. For example, the quantity of protein and enzymes

was very low in fraction 2; yet considerable CI activity was pres-

ent. One might suspect that the high level of CI activity in

fraction 11 may be due to soluble factors released from.the dis-

rupted particles. The levelsof protein and enzyme, however, are

nearly as high or higher in fraction 10. Yet this fraction is

nearly devoid of CI activity.

The sedimentation profiles of CI activity observed in shal-

low SE gradients leave one with the impression that the active

factor is randomly adsorbed to particles or particle fragments

throughout the gradient or, alternatively, that active particles

are agglutinated in various sized clumps.
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4. _A_W9; Shallow S_E_ ppg SE: Gradients - When com-

paring the more sharply defined distribution of CI material in

the steep SEP gradients with the erratic distribution in the

shallow SE gradients, it seems inconceivable that the steepness

of the gradient alone could account for this difference. Sub-

sequent experiments (Figures 13-16, Tables XIII and XIV) clearly

showed that the broad distribution of the protein and enzymes

and the erratic distribution of CI material in the shallow SE

gradient were due solely to the absence of the phosphate buffer.

The tables and figures demonstrate that the particles sediment

to a denser level in the SE gradient. This strongly suggests

that particles in the SE medium tend to aggregate more than in

the SEP medium. This observation contrasts with the findings

of others (Hers, gp_ply, 1951; Dalton, 25.51;, 1949; Hogeboom,

gp ply, 1948) which suggest that the presence of electrolytes

in the isolation medium enhance clumping of cytoplasmic parti-

cles. .

When the fractions from one of the shallow SEP gradients

were injected (Fig. 13B), a correlation of CI activity with the

distributions of cell particulates was again observed as had

been previously in the steep SEP gradients.

IV. CONCLUSIONS

Experiments in which eggs were injected with subcellular

fractions obtained by differential centrifugation of frog liver

homogenates clearly show that the cleavage-initiating (CI) activ-



-142-

ity is associated with the large granules of cells. The results

of injecting large granule fractions treated by freeze-thawing

and insonation and the sedimentation behavior of the CI activity

of the granules in steep and shallow SEP gradients also support

this conclusion. Preparations of nuclei and microsomes from

liver tissue were unable to initiate cleavage.

The mass of data accumulated by analyzing and injecting

liver tissue fractions seems, however, to offer little positive

evidence for the association of CI activity with any particular

cell component in the large granule fraction. Most of the data

do, in fact, suggest that the activity is not associated with

any of the three components this study has been largely concerned

with, namely mitochondria, lysosomes, and peroxisomes.

That mitochondria are not likely to be the active particles

is demonstrated by the data in Tables III and VI. The results

show that although the cytochrome oxidase activity, and thus pre-

sumably the concentration of mitochondria, was similar in the

supernatant fractions 82 and $3, the 32 contained no CI activity

whereas considerable activity was present in S3. That the pres-

ence of an inhibitor in 82 may have accounted for its lack of

CI activity is unlikely in view of the fact that the supernatant,

319 from.which 52 was obtained, was very active in initiating

cleavage. Furthermore, analyses involving shallow SE gradient

centrifugations revealed a striking lack of correlation between

the distribution of CI activity and mitochondria. The results

obtained using the SE media render fortuitous the positive cor-

relation between the distribution of CI activity and mitochondria
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in SEP gradients.

Assays for urate oxidase were performed in only two gra-

dient centrifugation experiments. One of these experiments in-

volved the fractionation of insonated material. From the results

of this experiment one must conclude that peroxisomes are not

the active particles.

The fact that freeze-thawing completely destroyed the CI

activity of a fraction but did not effectively disrupt the ly-

sosomes, as indicated by the release of acid phosphatase, does

not favor the view that they constitute the active factor. Since

the lysosomes are a very heterogeneous group of particles the

results of gradient centrifugation analyses must be interpreted

with caution. The data in this thesis do not indicate the lyso-

somal heterogeneity as fully as is desirable. Since only acid

phosphatase was assayed as a marker, only the less dense portion

of the lysosome population is indicated in the sedimentation

profiles. In order to define the densest limits of these parti-

cles, assays should also have been performed for acid deoxyribo-

nuclease (Beaufay, pp,ply, 1959). Furthermore, the conditions

of the assays for lysosomal marker enzymes were such that it was

impossible to discriminate between the activity of enzymes ran-

domly adsorbed to subcellular particles and the activity of en-

zymes within intact lysosomes. For the above reasons the dis-

tribution of acid phosphatase as portrayed in the graphs may not

be a true reflection of the distribution of lysosomes. Even

with these reservations in mind, however, the results obtained

by fractionating insonated material on a gradient do not support
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the idea that the active component is a lysosome.

The results of gradient fractionations in SE media lead

one to the conclusion that the active material may be adsorbed

in a non-specific manner to the various intact or fragmented cell

components. Membrane fragments might behave in this fashion.

However, the view that membrane fragments comprise the active

material is not supported by the available evidence. For example,

microsomal fractions (containing intracellular membranes) and

suspensions of nuclear fragments displayed little or no CI activ-

ity. Injections of lipoprotein membranes from milk fat globules

likewise did not stimulate cleavage.

On the basis of the available evidence it is doubtful that

a sound hypothesis concerning the nature of the cleavage-initi-

ating material can be proposed. The results of studies by Shaver

(1951, 1953; Shaver, 23,21y, 1952) suggest that hypotheses con-

cerned with the nature and role of the CI material should con-

sider the following factors: its possible thromboplastic and

enzymic nature; the inhibition of its activity by sodium azide

and p-chloromercuribenzoate; and its sensitivity to ultraviolet

radiation at 2537 A.

From reports in the literature, its seems apparent that what-

ever the nature of the CI material may be, its role must be inti-

mately associated with the establishment of a functional dicen-

tric astral system in the egg. Whether the material introduced

into the egg serves as a division center or catalyzes the for-

mation of such a center in the egg cannot be determined at this

time.



SUMMARY

Homogenates of liver tissue from Rppp pipiens were frac-

tionated in sucrose media by means of differential centrifuga-

tion or density gradient centrifugation. Assays for

cytochrome oxidase and acid phosphatase were performed on each

fraction to indicate the relative concentrations of mitochondria

and lysosomes, respectively. In some instances urate oxidase

was assayed to indicate the presence of peroxisomes. A sample

of each of the fractions was injected into the eggs of Rppp

pipiens to test for cleavage-initiating (CI) activity.

The CI activity was invariably associated with the large

granules of the liver cell. Microsomal and nuclear fractions

contained little or no CI activity.

Treatment of the large granule fraction by freeze-thawing

or by heating to 52°C completely destroyed its activity. Sub-

jecting the large granule fraction to insonation for 3 minutes

or to storage at 2-3°C for 3 or more days resulted in a marked

decrease in its CI activity.

The distribution of cytochrome oxidase and acid phosphatase

in the various fractions obtained by differential centrifugation

failed to correlate consistently with that of the CI activity.

In most experiments injections were made of a series of

dilutions of the fractions. The results obtained indicate that

there exists a range of concentration of large granules which

is optimum for obtaining a high percentage of blastulae of good

quality. The pH and the relative amounts of soluble and sedi-
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mentable proteins of the large granule fractions were unaffected

by the dilutions.

Further fractionation of the large granule suspensions was

achieved by subjecting them to sucrose density gradient centri-

fugation. If the gradients used were formed from sucrose-EDTA

media buffered with 0.1M phosphate, no separation of lysosomes

from mitochondria was obtained. The distribution of CI activity

in such a gradient was essentially the same as that of the gran-

ules. If, however, the gradients were formed from salt-free

sucrose-EDTA media, much broader and slightly separated distri-

butions of mitochondria and lysosomes were obtained. The peroxi-

somes were most heavily concentrated in the bottom of the gra-

dient. The distribution of RNase, presumably a lysosomal en-

zyme, was quite irregular and did not correspond to the distri-

bution of any other constituents. The CI activity was distri-

buted throughout the whole gradient, with the greatest concentra-

tion of activity in the bottom half of the gradient.

Insonation of the material prior to gradient centrifugation

dklnotzmarkedly affect the cytochrome oxidase distribution. The

lysosomes and peroxisomes appeared to be extensively disrupted.

In all the gradients formed from salt-free sucrose-EDTA

media, the distribution of CI material did not consistently cor-

respond to the distribution of any of the cell components studied.

The tentative conclusion is that none of the cell components which

were studied, namely the mitochondria, lysosomes, or peroxisomes,

can be individually considered as the active factor. The nature

of the cleavage-initiating factor thus remains unknown.
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The metabolic state of the frog egg and the processes it

is able to undergo without entering cleavage are discussed. It

is proposed that the CI material functions either as a division

center or catalyzes the formation of such a center in the egg.



APPENDIX

 

Su lementar Compilation 2; the Biochemical Data Qpaphed pp

Figures §-i4

Each fraction consists of material collected from corre-

sponding positions in three identical gradients. The total mg

protein (Tot. mg) and total units of enzyme activity (Tot. Act.)

recovered per fraction are given. Specific activity (S.A.) and

relative specific activity (R.S.A.) are also listed. The R.S.A.

of a fraction is the % total recovered activity/% total recovered

protein in that fraction. The data in the text figures are ex-

pressed in terms of the per cent total recovered activity. The

total protein and enzyme activity recovered from all fractions

are also compared below with the total protein and activity in

the P3 material layered over the gradients. The units of enzyme

activity are defined in the section on Methods.

 

 

Figure 8A

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.31 1.4 4.7 0.57 0.41 1.33 0.23

2 0.49 4.4 9.1 1.14 1.82 3.73 0.65

3 0.97 8.3 8.5 1.09 8.64 8.89 1.55

4 0.46 5.6 12.2 1.54 5.37 11.72 2.03

5 0.24 2.3 9.8 1.22 1.15 4.88 0.83

6 0.43 1.2 2.8 0.35 0 0 -

7 0.18 1.1 6.4 0.78 0.32 1.80 0.31

P3 6.8 3.47

Protein: Of 2.67 mg layered, 3.08 mg or 115.4% recovered.

Acid phosphatase; Of 18.1 units layered, 24.3 units or

134.3% recovered.

Cytochrome oxidase; Of 9.25 units layered, 17.71 units or
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191.5% recovered.

 

 

 

 

Figure 88 1

Fradtion- Protein Acid Phosphatase Cytochrome OXidase

Number , . ' . ' p .' '

Tot. Tot. S.A. ' R.S.A.‘V Tot. 'S.A. R.S.A..

mg. Act. ‘ ' Act.' -

1 . 0.37 . 1.4 .4.1- .0.40 1.05 “3.12 1.17

2 0.54 3.3 6.1 0.60 1.77 ‘3.27 1.24 .

3 0.79 7.3 9.2 ‘0.91 3.08, 3.88 1.48

4 0.68 8.1 11.8 1.17 - 2.23 3.26 1.24

5 0.48 8.9 18.8 - 1.83 1.44 3.03 1.15

6 ’ 0.34 5.7' 16.5 1.65 0.12 0.36 0.13

7 0.50 2.7 5.3 0.52 ' 0 4 0', -

P3 - 4.6 . 1. 31

Protein; Of 5.15 mg layered, 3.68 mg or 71. 3% recovered.

Acid phosphatase; Of 23. 8 units layered, 37.4 units or

157.1% recovered. -

Cytochrome oxidase;' Of 6. 75 units layered, 9.69 units

or 143.6% recovered.

Figure 8C.

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number .1 - I ' +— ;

_Tot. Tot. S.A. Tot. S.A.

‘mg. Act. Act.

1 0.11 0.7 6.2. 0.24 2.24

2 0.20 1.0 5.0 0.24 .1.23

3 _ - . - - -

4, 0.27 2.1 7.6 0.37 1.35

5 - - - - , -

6 0.14 2.0 ,14.2 - -

7 0.19 0.9 4.6 - - - '

P3. ' 4.2 0.95'
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Figure 9A

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act. '

1 0.20 1.1 5.4 0.39 0.85 4.20 1.39

2 0.26 2.1 7.9 0.57 1.54 5.83 1.94

3 0.34 3.9 11.2 0.82 2.02 5.87 1.95

4 0.37 5.2 14.1 1.01 1.72 4.66 1.54

5 0.34 5.7 16.6 1.20 0.82 2.39 0.79

6 0.31 6.4 20.9 1.47 0.34 1.16 0.36

7 0.20 4.9 23.9 1.66 0 0 -

8 0.20 2.7 13.5 0.96 0 0 -

9 0.22 2.2 10.2 0.71 0.16 0.75 0.23

P3 11.1 3.29

Protein; Of 3.15 mg layered, 2.45 mg or 77.8% recovered.

Acid phosphatase; 0f 34.9 units layered, 34.2 units or

98.0% recovered.

Cytochrome oxidase; Of 10.34 units layered, 7.46 units

or 72.1% recovered.

Figure 9B

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.31 2.8 8.9 0.65 1.27 4.10 1.30

2 0.41 5.5 13.4 0.98 2.08 5.11 1.62

3 0.47 8.6 18.3 1.32 3.04 6.50 2.06

4 0.54 8.0 15.0 1.07 2.15 4.01 1.27

5 0.46 7.9 17.1 1.24 1.01 2.18 0.70

6 0.37 6.5 17.6 1.27 0.12 0.34 0.12

7 0.23 2.8 12.4 0.88 0.14 0.62 0.20

8 0.21 1.3 6.1 0.45 0.18 0.85 0.28

9 0.26 1.8 6.9 0.48 0.27 1.03 0.31

P3 11.8 2.34

 

Protein; Of 4.52 mg layered, 3.27 mg or 72.3% recovered.

Acid phosphatase; Of 53.4 units layered, 45.2 units or

84.6% recovered.

Cytochrome oxidase; Of 10.60 units layered, 10.27 units

or 96.9% recovered.
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Figure 9C

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.31 1.4 4.4 0.46 1.08 3.47 0.79

2 0.42 2.3 5.5 0.56 2.50 5.99 1.32

3 0.63 4.3 6.8 0.70 5.44 8.58 1.92

4 0.71 4.6 6.4 0.67 4.72 6.64 1.48

5 0.50 7.3 14.5 1.50 2.12 4.24 0.95

6 0.36 6.9 19.0 1.97 0.72 1.99 0.45

7 0.30 4.5 14.9 1.54 0 0 -

8 0.27 3.2 12.2 1.21 0.29 1.10 0.24

9 0.26 2.1 8.0 0.83 0 0 -

P3 8.2 1.32

Protein; 0f 4.77 mg layered, 3.76 mg or 78.8% recovered.

Acid phosphatase; 0f 39.1 units layered, 36.6 units or

93.6% recovered.

Cytochrome oxidase; Of 6.29 units layered, 16.88 units

or 268.4% recovered.

Figure 9D

Fraction

Number Protein Acid Phosphatase Cytochrome Oxidase

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.30 1.5 4.8 0.46 0.69 2.26 1.05

2 0.39 2.3 6.0 0.54 0.87 2.24 1.02

3 0.48 4.5 9.5 0.87 1.68 3.54 1.61

4 0.51 6.9 13.6 1.25 2.26 4.44 2.04

5 0.46 7.2 15.5 1.45 1.41 3.05 1.41

6 0.37 6.4 17.1 1.60 0.21 0.57 0.26

7 0.27 3.5 12.6 1.20 0.07 0.27 0.12

8 0.25 1.7 6.7 0.63 0 0 -

9 0.28 1.7 6.1 0.56 0 0 -

P3 8.7 1.72

Protein; 0f 4.15 mg layered, 3.31 mg or 79.8% recovered.

Acid phosphatase; Of 36.1 units layered, 35.7 units or

98.9% recovered.

Cytochrome oxidase; 0f 7.13 units layered, 7.19 units

or 100.8% recovered.
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Figure 10A

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.32 1.4 4.5 0.44 0.58 1.85 0.76

2 0.35 2.7 7.8 0.77 1.14 3.24 1.33

3 0.48 4.0 8.3 0.82 1.65 3.42 1.40

4 0.68 6.4 9.5 0.94 2.31 3.41 1.40

5 0.80 8.5 10.6 1.06 3.16 3.94 1.62

6 0.67 8.4 12.5 1.24 2.71 4.05 1.65

7 0.55 7.7 14.1 1.39 0.75 1.36 0.56

8 0.35 5.9 16.8 1.67 0.14 0.41 0.17

9 0.33 3.3 9.9 0.98 0 0 .

10 0.30 1.5 5.1 0.49 0 0 -

11 0.26 1.5 5.6 0.56 0 0 -

P3 9.6 2.23

Protein: Of 5.74 mg layered, 5.10 mg or 88.9% recovered.

Acid phosphatase: Of 55.1 units layered, 51.3 units or

93.1% recovered.

Cytochrome oxidase: 0f 12.78 units layered, 12.45 units

or 97.4% recovered.

Figure 11A

Fraction Ribonuclease Urate Oxidase

Number

Tot. S.A. R.S.A. Tot. S.A. R.S.A.

Act. Act.

1 2.3 6.7 0.47 14 43 3.67

2 5.9 15.3 1.07 7 19 1.59

3 1.8 3.9 0.28 8 18 1.51

4 4.9 8.1 0.57 6 10 0.88

5 5.1 8.3 0.58 7 12} 1.01

6 6.3 12.0 0.84 3 6 0.51

7 7.3 20.7 1.46 3 8 0.75

8 4.8 18.2 1.28 0 0 -

9 7.1 20.8 1.47 - - -

10 6.8 29.2 2.08 0 0 -

11 9.7 41.8 2.94 1 6 0.38

P3 1.0 20

Ribonuclease: Of 6.7 units layered, 62.0 units or 925.4%

recovered.

Urate Oxidase:

recovered.

Of 138 units layered, 49 units or 35.5%
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Figure 118

Fraction Protein Acid Phosphatase

Number

Tot. Tot. S.A. R.S.A.

mg. Act.

1 0.34 3.1 9.2 0.87

2 0.39 3.9 10.0 0.94

3 0.47 5.6 11.8 1.13

4 0.60 7.7 12.9 1.22

5 0.61 8.0 13.1 1.24

6 0.52 6.9 13.3 1.26

7 0.35 4.8 13.7 1.30

8 0.26 2.6 9.8 0.95

9 0.34 1.2 3.5 0.33

10 0.23 0.8 3.2 0.32

11 0.23 1.2 5.4 0.49

P3 7.7

Protein: Of 6.88 mg layered, 4.34 mg or 63.1% recovered.

Acid phosphatase: Of 52.9 units layered, 45.8 units or

86.6% recovered.

Figure 12A (1)

 

 
 

Fraction Urate Oxidase Acid Phosphatase

Number

Tot. S.A. R.S.A. Tot. S.A. ,R.S.A.

Act. Act.

1 0 0 - 0.9 8.9 '0.61

2 1.0 9.6 0.52 1.4 13.3 0.96

3 1.7 12.8 0.80 2.0 14.7 1.03

4 3.1 17.6 0.88 3.0 16.9 1.12

5 4.9 21.7 1.13 3.9 17.3 1.13

6 5.0 17.7 0.94 5.0 18.0 1.20

7 3.8 11.0 0.60 5.4 15.6 1.05

8 5.9 13.8 0.72 7.4 17.3 1.16

9 8.8 12.4 0.66 8.8 12.4 0.83

10 30.8 30.7 1.61 12.5 12.5 0.84

11 17.8 21.0 1.10 14.3 16.9 1.13

Urate oxidase:

recovered.

Acid phosphatase:

71.8% recovered.

Of 146 units layered, 84 units or 57.5%

Of 90.0 units layered, 64.6 units or
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Figure 12A (11)

 

 

Fraction Acid Phosphatase

Number

Tot. S.A. R.S.A.

Act.-

1 0.9 7.0 0.62

2 1.6 9.5 0.66

3 1.4 10.9 1.29

4 2.4 11.4 1.00

5 3.5 11.8 1.02

6 4.1 9.1 0.78

7 4.9 9.1 0.78

8 6.6 11.2 0.97

9 8.3 9.7 0.85

10 13.9 13.2 1.14

11 14.1 15.0 1.30

P3 10.8

Acid phosphatase: Of 63.3 units layered, 61.9 units or

97.8% recovered.

Figure 128 (I)

 

 

Fraction Protein Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A.

mg. Act.

1 0.10 0.42 4.06 0.43

2 0.10 0.99 9.66 1.04

3 0.13 2.78 20.93 2.27

4 0.18 6.59 37.21 3.90

5 0.23 9.27 40.84 4.24

6 0.28 7.53 26.88 2.86

7 0.35 4.35 12.58 1.32

8 0.43 2.42 5.62 0.60

9 0.71 2.23 3.15 0.33

10 1.00 2.62 2.62 0.28

11 0.85 1.91 2.25 0.24

P3 7.88

Protein: Of 5.11 mg layered 4.35 mg or 85.3% recovered.

Cytochrome oxidase: 0f 40.28 units layered, 41.11 units

or 102.1% recovered.



Figure 128 (II)

 

 

Fraction

Number Protein Cytochrome Oxidase

Tot. Tot. S.A. R.S.A.

“‘80
ACt.

1 0.13 0.50 3.84 0.46

2 0.17 1.99 11.98 1.34

3 0.13 2.40 18.21 2.12

4 0.21 7.91 37.15 4.33

5 0.30 8.90 29.66 3.41

6 0.45 7.97 17.82 2.04

7 0.54 4.29 7.98 0.91

8 0.58 2.47 4.23 0.48

9 0.85 3.07 3.60 0.42

10 1.06 4.30 4.07 0.47

11 0.94 2.90 3.09 0.35

P3 7.39

Protein: 0f 5.84 mg layered 5.37 mg or 92.0% recovered.

Cytochrome oxidase: Of 43.20 units layered, 46.71 units

or 108.1% recovered.

 

  

Figure 13A

Fraction Protein Acid Phosphatase

Number

Tot. Tot. S.A. R.S.A.

mg. Act.

1 0.07 0 0 -

2 0.09 0.1 1.00 0.15

3 0.10 0.2 2.24 0.30

4 0.14 0.6 4.50 0.65

5 0.29 1.6 5.58 0.83

6 0.59 4.5 7.67 1.15

7 0.46 3.7 7.94 1.21

8 0.20 2.0 9.89 1.51

9 0.16 1.7 10.18 1.59

10 0.13 0.6 4.65 0.70

11 0.09 0.4 4.63 0.67

P3 5.75

Protein: Of 2.50 mg layered, 2.32 mg or 92.8% recovered.

Acid phosphatase: Of 14.4 units layered, 15.4 units or

106.9% recovered.
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Figure 14A

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act., Act.

1 0.14 0.6 4.24 0.51 0 0 -

2 0.16 1.0 6.42 0.74 0.55 3.36 0.97

3 0.21 1.8 8.53 1.02 0.75 3.57 1.01

4 0.30 2.9 9.63 1.15 1.33 4.46 1.26

5 0.38 3.6 9.38 1.09 1.71 4.45 1.24

6 0.34 3.5 10.32 1.22 2.14 6.30 1.78

7 0.26 2.9 11.21 1.32 1.66 6.31 1.81

8 0.18 2.0 11.13 1.32 0.38 2.17 0.60

9 0.20 1.1 5.71 0.65 0 0 -

10 0.15 0.6 4.33 0.48 0 0 -

11 0.14 0.8 5.87 0.67 0.21 1.45 0.42

P3 703 2.95

Protein: Of 2.78 mg layered, 2.47 mg or 88.8% recovered.

Acid phosphatase: Of 20.3 units layered, 20.8 units or

102.5% recovered.

Cytochrome oxidase: Of 8.20 units layered, 8.73 units

or 106.5% recovered.

 

  

Figure 148

Fraction Protein Acid Phosphatase Cytochrome Oxidase

Number

Tot. Tot. S.A. R.S.A. Tot. S.A. R.S.A.

mg. Act. Act.

1 0.09 0.1 1.4 0.23 0 0 -

2 0.09 0.2 1.6 0.41 0 0 -

3 0.10 0.2 2.5 0.38 0.25 2.58 0.42

4 0.12 0.4 3.7 0.62 0.54 4.49 0.72

5 0.21 0.9 4.4 0.82 1.62 7.60 1.28

6 1.43 6.5 4.6 0.85 10.42 7.27 1.20

7 1.20 6.3 6.2 0.99 9.64 8.01 1.33

8 0.34 2.9 8.6 1.60 1.98 5.88 0.96

9 0.22 2.3 10.6 1.96 0.18 0.81 0.11

0.19 1.5 7.9 1.48 0.21 1.13 0.17

0.17 0.8 4.7 0.88 0.38 2.24 0.36

5.5 5.58

Protein: 0f 4.12 mg layered, 4.16 mg or 101.0% recovered.

Acid phosphatase: Of 22.8 units layered, 22.1 units or

96.9% recovered.
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Cytochrome oxidase: of 22.99 units layered, 25.22 units

or 109.7% recovered.
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