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[STRIBUPION OF HYDROLYTIC ENZYMES AND
RIBONUCLEIC ACID IN SUBCELLULAR FRACTIONS
FROM BGGS AND ADULEF TISSUE OF

ARBACIA PUNCTULATA




ﬂiﬁwﬁi‘i& cellular gramiles containing hydrol;

rifugal fractionstion of rat~liver
ogenates. The newe lyscsome won pyoposed for these
rermles becsuse five dlstinet acld hydrolases Wﬁy
loosted within them, sewmed to be rolesssd in & perallel
panney in preparations ﬁubgmm to dlsrptive {reatments
such sz freesing snd thawing. Prior to de Duve's isolation
of & fraction rich in hydro

gt 23 (1951) had studie 1irdcagy
aoid phosphatese snd m& shondpris in mﬁm@wﬁw ‘%&zﬁmm

model gxmxfsammg to @m ﬁawrﬁ.ﬁtim was that of & sse con~
jebing of fluld encloned in & semi-permesh]
130 b 8l (1953) had also discovered |
hondeis in the rat liver, the amaller of vhich had a watio
of pentose nuclels acid Yo phosphate/nitrogen that greatly
excoaded even the microsomes, The same yeer, de Duve gt al,
{1953), while examining further the enzynic content of the
mltochondade), ﬂmmm, also menticned the mmmw of &
fpan the first, gquantitetive purification has not been
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necossary to chavacterize the lysosomes &s & ssparate group
of particles, MNost of the Information hes been obtained
by studying the distribution curves of the particle~bound
acid hydrolases in a varisty of centrifugal oystems.

The problems of identifying the granules indicated by
the distribution curves of hydrolase activity stimilated the
dovelopment of technigues to describe the morphology of the
gramales, Although correlated biochemicsel and morphological
studios have only besn carried out on & fow tissues, electron
micropraphs demonastrate the existence of particles thought to
be lyscsomes. Novikoff, Beaufay, and de Duve (1956) made o
prelininary investigation of lysosome-prich fractions obtalned
from rat liver by difforentisl centrifugation. This investiw
gation revealed the presence of hithertc undescribed cyto-
plasmic particles which they designated "densc bodles.” The
dense bodlos wore tentatively identified by them as hepsatic
lysonomes and later investigations proved them to be corrsct.
Essneyr and Novikoff (1961) then attemptod to loeste the acid
ghosphatase activity and thus the lysosomes by stalning
frozen sections of rat and human liver for ccid phosphatase
by the CGomori lead-glycorophosphate procedure. The electron
micerographs revesled that the acid phosphatese was lecated in
the structures belleved to de lysoscmes. Holt {(1959) by
Haing o modification of the Goamorl acid phosphatase procedure,
obtained oven more accurate rosults on the cytologleal distri~
bution of ecid phosphatase. Holt end Ricks (1961) then
gorrelated the results obtained by snatomlical and biochemical
data, end definitely concluded that the vacuclated dense
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bodles seen in the eloctron microscope are the morphologlesl
counberparts of the lyscsomes defined blochemically by
de Duve. Rahman (1962a) later made similar correlations of
blochemical and cytological data in the rat thymus,
Bauhuin and Beaufay (1963) also found that the specific
gramles found by Holt and Hicks (1961) to be lysocscmes
corresponded to suspected lysoscmal "dense bodies” in simlilar
slectren micrographs, In addition, blochemical and staining
analyses have recently revealed that the Jolgl spparatus is
invoived in the formation of the acid-phosphatase rich
gecretory vacucles and dense bodlas of neurons and hepatic
' ymal cells (Hovikoff, 1963). A summary of the morpho-
logical details ravealed by electron microscopy has besn
given by Rhodin (1963), who has described lyscscmes as bodies
having s highly pleomorphic appearance with large or small,
dense granules and short, irregular or long, concentrically
aypanged membranes. He has also noted that structurally,
this type of inclusion can bs identified in almost any
kind of cell. A more detalled morphological concept seems
to bo limited at the moment since the fine structure of
lysoscmes appeaxrs to vary considerably from one gell to
anothery. Although relisble cylochemlcal technigues exist
only for acid phosphatase at the present, the development
of similay toechnigues for the localization of other hydro~
lytic enzymes is bveing explored (Novikoff, 1963).

Although the present concept of the lysosome is
based on both its diochemical and morphological properties,
the blochemical properties have been more extensively




mmmmm@ The accapted s

he most recent modal based on 4 sumDAry a@‘ data obtained with
rat-liver lysoscmes. The modsl suggests that the 1mma con~
tadns ab mmz amm@& separate hydrolytic W’%ﬁ %@W an
ﬁﬁ@&m@, asid Mammﬁﬁ m@ﬁg;m;;mmm ?hwmﬁam, cm hepsin,
collagenase, alpha-glusosidase, m%*%mﬁgzmasmmm
bets~glucuronidese, @~-"W&ﬁi&&ﬂ@; angd ml*auxf‘&m
The mﬁemﬁz&mw of &%@ hydrolases to subestyates in the

arpound Le sumed to be restricted by & lipo~

(Bosufay end 6o Duve, 1059). The ensymes
' become soluble and ascessible

1963)» aamm since this mofiel is based primerily on rate
termine to what

iiver lysosomes, 1% will bo necossary m det
extent the results with this tissue are @M&m to othey

sented hg Emm.g {1962} On the mi.a of w;gh concentrations
of brain gengliosides found in grenules heving some of the
z&mz}mi% of lysosomes, he m@w&a that lysosomes are

OO iecules of mym and non-enzyme protein
& -@zgaw to acidio g@m&:mma by lonic, covalent, end/or
other bonds. He steted that ssid hydreolssos wil ]




lipoproteins and that these enzymes are released or acti~
vated by cleavage of the glycolipoprotein-ansyme bonds in-
steed of mewbrane mpture. Koenig (1963) added support to
thils hypotheslis by demomstrating the vital staining of
lyscsames by acridine orsnge and 2 wide variety of other
cationle molecules which liberate acid phosphatase from
lyscsomes in yitro without disrupting the lysoscmal matrix,
This alao indicated, sccording to his interprestation, that
the lyscsomal enzymes ere bound t¢ anlonic sites of the
matrix by electrostatic bonds, Most investigators at the
present, however, support the sac-like model of de Duve.
Recently, Sawant, Dessl, and Tappel (1964) added additiocnal
support to de Duve's model by carefully studying factoras
such as osmotlc swelling, temperature, pH, and permeabllity
changes that aff'ect the lysosomal membrane, Thely results
cn the availability of lysosomal enzymes over a wide range
of pH values did indicate binding of these enzymes at

- different sites in the lysosamg. The differential release
of bound hydrolases frou rat-liver lyscoomss treated with a
non~icnic surface active substance Triton X-100 (Ugazio end
Pani., 1963) slso indicates that some of the hydrolases have
different binding sites.

Both blochemicsal and morphological concepts 8f the
lysozome must be considered in debtormining the function of
the lysosome particles within a cell. The possible roles
of the acid hydrolsses within cells have been investigated
by several workera. However, the variety of cell structures
which demonstrate hydrolase activity has mede it very




difficult to formilate o concise functicnal concept (see
below). The presence of aecid hydrolases characteristic of
lysosamos indicates that, regerdless of the cell type or
logaticn, acid digesticn is the principal role of the lyso-
gome, de Duve (1959) has stated that the lysosames appear
to be powerful digostive systems, capablo of brooking down
nuclelc acids, phosphato esters and nucleotides, proteins
end phssphoprotedns, as well as the vardous components of
rucopolysescharides., Thoe rolatively impoomesble lipoprotein
menbrang enclosing the engymes prosumably protects the cell
contents againat the destructiveo action of its own hydrclases
(Besufoy end de Duve, 1959). Cell injury ond dostruction
hovtaver can both be coused by the lytic sction of the lymo-
same (Quio and Hiroch, 1964). Recent studies of leucocytes
: 2 exposed to streptolysins Indicate that the
iytic coffoct of the streptolysine on the lyscscanes couses
ropid and massive de lation of the living phagoeytic
¢olls, soon followed by extensive alterstions of the cyto-
plam and nueleus and by the death of the coll (Relser,
et g1, 1964). The lysosoms, regardless of location, is con~
oidered to be Involvaed in the digestion of forelon materlal
engulfed by phegoeytosis or pinocytosis end in the breaidom
of tho celll's own constitucnts, both under meny normal condi-
tiong, and in necrosis and other degenerotive conditicns
{ao Duve, 1959).

& diversity of coll structures in tissues other than
rot livor has been shoun to exhiblt ceid hydrolase sctivity.
Thoso cell structures include the protein droplets of tho
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an kidney (Straus, 1958); the phagoeytic vscuoles of
lymorphonuclesr leuscoytes and the n mphas«a {Quis
and Hirsch, 1964; Ralman, 1962b); the dense bodd
esposially in neurons and in most mamwalisn livers (Novikoeff,
8t al, 1956; Holt and Hicks, 1961); the cytolyscacmes of the
kidmy and neurcns (Novikoff, 196), 1963); the sarly secro-
Ory grsmil In exocpeine and endooying cells as well
and mmf, 196&); and m and hets motachromatic
cbserved in ambryonic development (Daleq, 1%33 Marsland
1960; Rebtwm, 1950). The latter structures are described in
dotall below, Investipgation of acid hydrolases has also been
extended to same invertsbrates, although for most only brief
attempts to isolate any specific gramules have been raported.
beta-glucuronidase asctivity in varicus marine mollusks.
m as wall as othar
mwam, in an &W $o corpelate the protosoan food
vacucles with the lysoscme concept. The most éxtensive suyrvey
of invertebrates has been done by Shibko, Caldwell, Sawent,
the tismues of the Coelemterats, Nollusca, BEchiurida snd
Arthropods, as well sa in those of birds and suphibis
Janoff and mmm (we%‘:ﬁ} exsmined the amosbo

LI LERON » =




acid phosphatase sotivity snd considereble |
gctivity were found in both epecies. Diffeventisl centyi-
fmﬁm of the cell Wﬁw revealed that the activity of
wehondria fraction. Zeldenberg and
Janoft (1964) heve manm demenstrated scid hydrolase
proparties in homogensates of the lobster kidney, ss well
as in the excretory organs of three spesios of marine fish.
ramules having the charasteristics of lysosomoes
have not bean studied extensively in exbryonic tissues,
lyscsoamal mt&vﬁy huas been Wm in & few instances

mmxymaafmmmmmamm of male
hick enbryos (&WPL‘W and %mmm,
talls of amphidbians undergoing amorphosis {%w, 1963),
The latter maﬁs&tw frectionated the tall tissue of
growing amphidbian embryos and demonstrated that cathepsin
and anid phogphatase are concantrated in coytoplasmice particles
of relatively low stabllity. Deleq (1963) demonstrated
mloally that high scid phnsmm activity ia
gramules whlch alsc exhibit

mmgmmwmmwammm
increase in size during cleavage. Dalsq concluded that their
activities as

Wﬁmmgm in

have also been obsarved in developing eggs of various
invertebrates, Stalning with suitabls vital dyes has made
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mmawﬁ cleavage stages more sucoe ly |
mammalian eggs. Pastosls and Mulnard (1957, 1963), and
Daleg (1963) mvafaummmmafmmmm
bivalved mollusks, sea urchin Loa
be of two types, ammmmmmmmeaw
Fasteels (1958). The swaller, more repidly st
pramiles are the slphs aranules, and mmammm
granules, whioh stedn more slowly are the beta gramules,
Fastesls concluded that the bets granules are not stained
diraectly but receive dye from the smaller alphs greoules.
Pasteels and Mulnard (1957) found thet after emwm
the alphe grancies are found nesr the centrifugal ext

of the egg or blastumerss, while the hets

mented in the hyaline part of the cytople

stapes mammmﬁeMamaWezmmm
organelles with phosphatsase sotivity. Pastocels and de Hurven
{1963) confirmmed this by & series of elsctron microscope
findings which desionstrated the transformation of yolk
chromatic granules oboerved in the living egms, end the
nx@m of the microvesicular bodles to release minute

| iro The only vesanmblances these

nopcmes, however, ave their apparent

mbmw to rupture and their possession of acid phosphatase.




COLLEGE OF WILLIAM & HARY

The ldentification of scid hydrolase pramules in
enbpyonic tissue has boon based only on slectron microscopy
and aytochemistry. Dalog (1963) proposed at & vecent sym-
posium that the most direct spproach to ascertaining the
presence opr absence of particles contalning specific
lases would be the a:;plixsatim of hmg&m’e&m and dmmmy

amges to determine shisther & a.am of particles contalining
an axray of lytic enzymos can de isclated. This type of
inventigation has not previcusly bean reported £

eny animal. The present inveatigation is thevefo

with the problem of fsclating & frection contalning an

of egps and adull gut tlasue of the sea wrohin, Arbacia
: To deternine the distribution within the major

amlm to sucrose hoamogenates of both eggs and adult gut
tissue. Isclation of specific sets of Wﬂ containing

fugation on sucrose density gmdim‘bm The presults obtained
slesrly indicate the sxistence in the egp of seversl types
of large granules possessing different hydirolytic enzymes.


mailto:t@tlSl.te

--peaks Bay. M were stored in the ladorato

wmater at 33 a/ea mads from Usility Seven-Seas Marine Mix

{Utility Chemical Company, Patbterason, ﬁm&m}. ‘In opder
to chtain adult tissus, the entlire gul was removed b
dissection, placed in cold, artificial sea water, blotted
corefully, and welghed. Egps were obtained by olectrically
cing shedding in the females, using alternating current
at 30 volts (Hawwey, 1954). The eggs were washed three times
by settling in artificial sesn water prepared from reagent
grade salto and distilled water. To ramove the jelly coat,
the eggs ware trested with acid sea water abt pH 4.6-4.8 and
allowsd to settle (Allen, 1957). spas were washed an
mmmmwmwmmmmam with 0.02 M

“tria”) mmma in a hand mwm to prepare them fop
homopenization.

Adult gut and oggs wero prepared fop fractionation
by tho same metheds. A 108 homogenate of esch tissue was
made, based on a welght/volume ratic for the gut tissues epd

12
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on & volume/volume ratio in the eggs. The tissues were
gendzed at 0% ¢ in & hand-operated Tenbroock glass

homoganizer in 0.98 M sucrose containing 10™7 N ethylene-
dlamine tetraascetic scld (EDTA) end buffered at pH 7.5
with 0.05 M tris. This buffered sucross was used for
cmﬁrm:satm, a8 indicated below. The nuclei-free start-
ing mabterial was prepared by the procedine of Borthet and
de Duve (1951) with modifications to allow for the differences
in suorose density. The homcgenste was centrifuged for ten
minutes at 2000 rpo for the gut tissue and at 500 rpm for
aggs in rotor No. 253 in an International PR-E centyi-
fuge at 0% C. The egg homogenate wes sentrifuged
muoh lower speed to remove debrdn and whole cells without
finid wos then decanted snd saved, The miclesy frection from
asch tlssue was rehonogenirved in an additional 3 to 5 ml of
buffered 0.98 M sucrose-EUTA and mmﬁrmgm at the name
gpeod as before. The conbined muperns
for the subsequent isclation of gramules. The finel precipi-
tate containing a few clumped nmuclei, cell fragments, and
whole gells was discarded.

The various subesliunler frections were cbtained by
a modification of the technigue used Yy Applemans, Wattisux,
and ds Duve (1955). The procedure 1s cutlined in the flow
ghest given below. All of the operations deseribed wers
carried out at or neer O° ¢, mwmmmuamm




b2
busket type 3W rotor in & Beclman Model L preparative ultra~
centrifuge. In the procedure outlined below, sesch gramile
fraction was washod once by resuspension in buffered sucprose-
A and recentrifugation at the forces and times indicated,
ch supernatant fiuld cbtained by washing the granules of
& particular fraction wes combined with the original super-
natant fluid before centrifugal isolaticn of the subsequent
fraction. All grenule frsctions obtained were suspended in
2 to 5 ml of 0.98 M suorose, containing 0.05 M tris and 107
M EDTA, at pH 7.5« The preparations were oliher used
Immedistely or frozen st -18° C for later use. The times
and fareces of centrifugation for each frection were as follows.
Fraction I, consisting of heavy granules, wmes obtained by
centrifugation at 17,500 times gravity for 15 minutes.
Fraction 1‘:::, 1ight gramales, was obtained by centrifuging

supernatent fiuld after yemoval and washing of Fraction I

at 6‘33%0 times gravity for 28 minutes, The supernatant
fiuid from Fraction IT was centrdfuged at 90,000 times gravity
for 150 mimutes to cbtain a microsamal fraction, deslgnated
Fraction IIX. The final supsrnatant fluid remeining ‘
removal end washing of the above granule Cractions was
dosignated Fraction IV.

Fraction I from epps was centrifuged on & layered
sucrose gradient to separate particles of different densities
{4e Duve, Berthet, and Beaufay, 1950). Cold sucrose layers
of densities 1.1513, 1.16635, 1.1868, 1.1972, and 1.2002 wore
placed in the order given over a cushion of £.5 M sucrose,
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by use of & syrings and Plunted 22 gaupe noedie. The tubes
used for the gradients were kept cold to eliminate convection
currents during the layering process. The gramtle frections
ware layered on the top of the gradients, and the tubes were
centrifuged for one hour at 90,000 times gravity. The iso-
lated gramile layers were removed by carefully pipetting
the lagers from the top, or by puncturing the bottom of ths
tubes and allowing ths aucrose to dvip out alowly. The
gremule fractions were then suspended in 0.98 B suerose~EDTA
and elther used immediately or stored at -18° ¢,

The staining propertios of the gromiles cbtained on

the density gradient wore examined by dividing Frection I
intc thres egual portions. One tube served as & control,
the other two contained 10 to 15 drops of 0.1% toluldine
blue or mothyl red. After an initial centrifugatio
17,500 times gravity to remove tho excess stain, the steined

parations wers placed over the same dénsity gredients
as ahove, and centrifuged Tor one hour at 90,000 times
gravity.

Determinations were made for proteln, nuclelc acid,
succinie dehydrogensass, acid phosphatase, proteciytic
agtivity, esterase, lipase, aryl-sulfatzse, ribonuclease,
and bota-galactosidsse socording to the methods outlined
below,

The frectionation method of
(1945) was used to obtain mucleic aoid and

ohmddt and Thannhsuser
protein, Two ml




Cutline of Fracticnation Procedure

,sutzma t EDTA
B 7.5] !

Centrifuged at 500-2000 rpm

for 10
nuclel, whole cells, and
debris. %mai:lmd onee.

tos to mw&

Precipitate c{jiacax-dﬁ.

Lupernatant flulds
foed &t 17,500 time

8 3
gravity for 15 minutes.
tiashed once..

0.98 M sucrose.
IBGS mly, chts.cm I M‘"

densitics 3..1535 1.1&63,
1.1868, 1.1972,
2.5 ¥ for aztm hour at 99,900
t::‘!.mas gravity. Grangule

L i&&&oﬁugtmi‘&t

Procipitate Suspended in buffered
Fragtion 1.

Combined supernatant
flulds centrifuged at
63,000 times gravity
for 28 mimzt:a'm Washed

OGO,

Frecipitate Juapam&aé m buffered
0.98 | sucrvse. Praction IX.

Combined mémtant

a3 oot st
o8

far 150 mtgf Rashod

CNeG.

Procipitate éuspended m ermﬁ
0.98 %?S sucrose. Fraction XIIX.

Cambined a@émtmt
fluids. Fraction IV.
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of cold 104 WAV trichloroscetic scid {TCA)} wevre added to 0.5
to 1.0 m}l of each fraction. 'he precipitate was wushed in
additional cold TCA wntil the pigment was campletely mxm&
from paéh fraction. AlL supernstant fiuids weve dlscerded,
The precipitate was resuspended in 2 ml of boiling ethanol~
other {311 V). The precipitete was ccoled, centrifuged,
2nd washed once in additionsl ethanol-sthar, The supernatent
fiulds weve discarded. The precipitate was then suspended
in 1 to 2wl of 5% ICA end hested for 15 minutes at 90° C on
o water beth, This process wes pspeatsd with on additicnal
1 %o @ ) of 5% TOA. Tho hot TOA extrects weve combined
and used for the nucloic acid determinotions. The protetn
precipitato wms m&p&mﬁaﬁ ,in 0.5 to 12,.{‘.3 wi of 1 N sodium
gircride. The method of Lowry et sl (1951) was used for the
mtm aammmamm* m 4nocubation reagent was propared

*% w/if m:prm

immedistely before use. An asliguot of 0.2 to 0.4 ml of the
suspended protein soluticn wes mixéd ¥With 5 ml of the incuba-
tion veagent and allowed to stand for ten minutos &t room

with & ayxvmgm and the solution was mi sd thoroughly and
elilowed to stand for %0 minutes st room temperature. The
readings were wade at yoom tempersture on & Klett-Summerson
solorimoter using gresn £ilter #5%. The velues wers converted
to micrograms of protein by compardiscn, with a standapd curve
cbtained from 0.5% WA orystelline bovine semum albunmin
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pitionsl Blochemicals Corporation} in 1 N sodiuwm hydroxide,
Ths sxtraction procedure used for the mucleic acld
was thet of Sehmidt and Thannheuser (1045} as deseribed
sbove, The ultra-violel procedure menticned hy Schneider
(1957) was used to devermine totel nueleic apdd. Samples
were diluted eppropyiately and resd at 250 adllimicrons on
the Beckman IN spectyophoteometsr. Sevevel concentrations
of ribopuclele acld were prepared from & stook solution of
1 mg per ml of commerceial veagent made ribonuclelc scld
{Mutritional Biochemicnls Corporstion #1576) dlssolved in
5% TCA, and the shsorbencics of these were de
260 miliimtorens, in opder to cbtain a standard curve,
Bonnor {(1955) wes uned for the detemmi-
ichydropenage. A rescbion mixmture mos
sseneved adding o mw&. of 2.6 ml of 0.07 ¥ phosphate
,m'feas- (pﬁ 7.4), 0.01 ¥ neutralized potassius cyenide, 0,001
¥ potassium ferricyanide, and 0.015 M sodiws-muccinate and
incubating the mizture st 25° 0 for 30 minutes. Readings were
made on & Baclmen DB vecording spectrophotometer against water
blanks conteining the game amount of enzyme. Calculations were
besed on that part of the curve obeying zarv crder kinetics.
Activity wus expresscd in micromoles of ferrisyanide reduced
per minute per microgram of proteinm.
Acid phosphatase wes determined by & method based
en that of Burch (1957). The substrats used, pmitmphe}:zyi
phosphate (Signa 104 Phosphatas loma | Loa.
Compeny), was prepared by dissclvi ,
diatilled water. ¥he substrate, 0.5 ml p-nitropheny
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phosphate, was edded to 0.5 ml of 0.1 M sodium acetate

(pH 5.0) and 0.1 ml of enzyme and incubated at 25° ¢ for
15 minutes. To stop the reaction, 0.04 I sodium hydroxide
was added to make a total volume of 5.0 ml. Determinations
of p~nitrophencl were then made with blye filter #42 on &
Dett-Gummerson colorimeter. The enzyme activity was
exprosscd as micrcmoles of p-nitrophencl liberated per
minute per microgram of proteln, based on & p-nitrophenocl
standard curve. The p-nitrophencl was cbtalned from Sigma
Chamical Company.

Proteolytic activity at pH 5 was determined by the
method of Herriott (1555). The substratc contained 2% WA
denatured hemoglobin (#8930 Nutritional Biochemicals Corpora-
ticn) in socdium-acetate buffer pH 5.0. Cne~tenth ml of
cnzyme and 0.5 ml of substrate were incubated for 15 minutes
et 25° C. One ml of 57 TCA wes added, and the solution was

1fuged to scttle the preclipitste. To 0.7 ml of the
dlgestive supernatant were added 1.4 ml 0.5 M scdium hydroxide
and 0.4} ml 1N Folin-Ciccelteau phenol reagent (i#/So-pP-24
Fisher Scientific Company). This mixture was allowed to
stand 15 minutes before reoading at 660 millimicrons on the
Beckman DU spectrophotometer. Blanks were prepared in the
peme manner except the 57 TCA was added to the tubes before
the hemeglobin and enzyme. A stock tyrosine solution was pre-
pared by dissolving 280.7 mg dry tyrosine in one liter of
0.02 M hydrochloric scld end diluting this solution ten-fold
in 0.2 i hydrochloric acid. A standsrd tyrosine curve wes




prEpaTes different concentrations of the diluted
aﬁw&: Wsﬁm in a total of a;? mi, These omeentrations
of the diluted stock tyrosine weve trested in the same manner
&g the mﬁuﬁm mgxmmm
pressed in mlevomelos of tyrosine 1beratod per minute from
- DEn Wﬁm of homo

The esterase method ) o Jut
xf tw W& and Iﬁﬁmﬁ% KW&?L Penitrophenyl acetats
mﬁm&byMs&%mgiﬁﬁmmﬁm ﬁ?ﬁ‘mﬁ‘m&lg One mi
of this solution waa then ﬁmm to 50 ml in water for
jmmediste use, For eash W%&mx, 0.6 ml of 0,06 ¥ phosphate
uffer fﬁﬁ 6.8}, ﬁg@ m) pradtrophenyl acetate, 1»5 ml pless
d4atilled water, sad C.5 ) of enzyme wére added to
cuvetto and incubsted for 15 minutes abt @5«3‘3 G, The resction

~ anol and Matmg one ml e:af this mm to 50 &ﬁt in amaa
i %mm water. The p-anitvophonyl steaw ‘
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water unless the solution 1s added slowly with constant
gwirling, The resotion cuvettes, containing 0.6 ml of
0,06 M phosphate buffer (pH 6.8), 0.4 ml of p-nitrophenyl
‘stesrate, 1.5 ml of glass distilled water, and 0.3 ml of
enzyme, were inoubated for 15 minutes at 25° C, Resdings
wore made at O snd 15 minutes at 400 millimicrons on the
Beciman DU or DB gpectrophotometar against blanks prepared
without substrate, Encyme activity was expressed in micro-
moles of p-nitrophencl libarated per minute per mnicrogram
protein, based on a p-nitrophencl standard curwve.

The procedurs for aryl-sulfatase wes similar to the
esterase technique (Hugginag snd Laprides, 1947) except for
the sudbstrate and pH. Potagssium p-nitrophenyl sulfate
{(Rutritional Biochemicals Corporation) was prepared by
dissolving B0 mg in 10 ml of glass distilled water. The
resction cuvettes, containing 0.1 ml of engyme, 0.5 ml of
sofitun acetate buffer (pH 5.0), 0.5 ml of p-nitrophenyl
sulfate, and 1.9 ml of glass distilled water, were incubated
30 mirmtes at 25° C. Determinstions of p-nitrophencl were
then made at O and 30 minmutes on the Beclman IU spectrophoto~
metar against blanks prepared without substrate. The enzyme
activity was expressed in micromoles of p-nitrophenol
1iberated per minute: per microgram protein dbased on &
p-nitrephenol standard curve.

Ridonucleass was determined by the method of MacDonald
(1955). Commercial ribose nucleic adid (reagent grade, #1576
Rutritional Biochemicals Corporation) was prepared as a
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substrate by dissolving it in 0.1 M acetate buffer (pH 5.0)
tc & concentration of 3 mg per ml, This sclution was
freahly prepared and the pH was carefully adjusted sach

time before use. Two~tenths ml of enzyme and 0,5 ml cof
substrate were incubated for 10 minutes at 25° C. To stop
the reaction, 1 ml of MacFayden's reesgent (0.25% W/ uranium
acetate in 2.5% TCA) was added. After standing for 30
minutes at room temperature, the sclution was centrifuged

to settle the precipitate. The supernatant was then decanted
and its absorbence at 260 millimicrons was determined on the
Beckman DU spectrophotometer after it had been dlluted 2.5
times. The blank cuvettes contained 2.8 ml of MacFayden's
reagent diluted 5 times and 0.2 ml of enzyme. The enzyme
activity was expressed as nmicrograms of ribonuclelc acid
sclubilized per minute per microgram of protein.

Three techniques ware used in an attempt to measure
beta-galactosidase activity. The same subatrate, p-nitrophenyl-
B-D-galactopyrancside (Sigma Chemical Company), was used for
sach technique in the concentraticns indlcated below. In
the method of Wallenfels (1962), 50 mg of substrate was
dissolved in 10 ml of 0.05 M tris buffer, pH 7.6. Five-
tenths ml of the substrate were incubated with 0.125 ml of
1 ¥ scdfum chloride, 1.675 ml of 0.05 M tris buffer, pH 7.6,
and 0.2 ml of enzgyme, Detorminations were mads at 405
millimicrons at 25° . The change in optical density was
noted every 30 seconds for 5 minutes, zerced agalnst blanks
contalning appropriste amounts of ensgyme and distilled water.
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In & simllar method to that used for the determination of
acid phosphatase (Burch, 1557), 40 mg of substrate were
dissclved in 10 ml of glemes distilled wster. To 0.5 ml of
the substrate was added 0.5 ml of 0.1 M sodium acetate pH 5.0,
end 0.1 ml of enzyme. The mixture was incubated at 25° C
for 5-15 minutes, and the reaction then stopped by adding
enough 0.04 M sodium hydroxide to make a tctal volume of

5.0 ml. Determinaticns of p-nitrophencl were then made with
blue filter #42 on a Klett-Summerson colorimeter. Blanks
were cbtained by adding the socdium hydroxide to the tubes
prior to incubation. The third attempt was based on the
esterass technique of Huggins and Laprides (1947). The sub-~
strate was prepared in the same manner as the previocus acid
phosphatase technique. The reaction cuvettes, containing
0.1 ml of enzgyme, 0,5 ml of sodium acetate buffer pH 5.0,
0.5 ml of substrate, and 1.9 ml of glass distilled water,
were incubated 1-15 minutes at 25° C. Determinations wers
madse on the Beckman DU spectrophotameter against blanks pre-
pared without substrate. HNone of the above tschniques
neasured any beta-galactosidase sctivity in the egg homo-

genates,



RESULTDS

don of nzymes and Nuclele Acld 1n Subcelluls

The distributions of acid phosphatase, esterase,
and nucleic acld in the variocus fractions cbtalned by
differentiasl centrifugation from the gut ars shown in
Teble I, The highest total acid phosphatase and esterase
activities were found in the soluble fraction . while the
largs granules contained only 10 to 15 percent of the total
activity. The highest specific activity of esterase was
found in the microscmal fraction (III), while in most ex-
pariments the specific activity of acid phosphatase was
rather uniformly highey in all the granule fractions than
in the whole homogenate. The highest percent of total
nucleic acid, as determined from the ultraviclet methed,
wes found in the supernatant fraction, probadbly represent-
ing mostly scluble ribonuclelce acid. The percentage in the
microscmal fraction, although slightly higher than in the
larger granules, 1is still qulte low, possibly indicating
that the cells are poor in ribosomal RNA, These findings
may be a consequence of the atarvation of the animals pricr
to the fractionation cf the tissue.

24
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The distribution of enzyme activities within the
subcellular frecticns of the egg 1s pressnted in Table II.
In additicn to the enzymes exemined in the gut subcellular
fractions, determinations were made of proteclytic activity
at pH 5, aryl-sulfatase, and RNAase. The highsst total acid
phosphatase and estersse activities were found in the soluble
fraction , but the larges granules contained from 25 to 50
percent of the total acid phosphatase sctivity and from 15
to 40 percent of the esterase activity. This difference
in percentage of activity present in the large granules of
the eggs is probably due to the presence of granules which
would not be present in the gut. The varlation in percent
activity in the individual experiments was due to the removal
of many of thess granules in earlier experiments while re-
moving whole cells and debris. The highest specific activity
of esterase wes found in the microscmal fraction (III); in
this respect the distrilution is similer to that in the adult
inteatine. The acld phosphatase in the egg alsc resembled
that of the gut in being rather consistently more concentrated
in all granule fractionas than in the whole homogenate. Lipase
activity, which was not detected in the gut, was prevalent in
Fractions I and II as wsll as in the supernstant fraction (IV).
The concentraticn of activity in these fractions and the
sbgsence of sctivity in the gut Indicates that this activity
is asscclated with the granules prevalent in the heavier
fractions dsrived from the egg and absent from the adult
tissues. Activity in the supernatant fraction could be due



25
)

to the release of enzyme from granules which rupture during
hanvgenization. Frotecolytic activity at pil § is about
gvenly distributed between Fraction I, the largest granules,
and Fraction IV, the supernatant fluld; 1little cr no activity
iz found in the other granule fractions. The activity in
the supernatant in this case, as wlth lipase, could be dus
to the rupture of granules durdng homogenization., The
distribution of aryl-sulfatase 1s similar to that of lipase
and protease at pH 5, ranging from 20 to 30 percent in
Fraction I and from 20 tc 40 percent in Fractiocn IV. The
highest specific actlvity of RiAmse, as well az ths groatest
nmacledce acid: protein retic were found in the microscmal
fracticn, Fraction III. The highest percentages of both
RiiAase activity and total nucleic acid were found in the
scluble fraction; howover the recoverles of both these sub-
stances were quite high, when the combined smounts in the
scparete fractions are compared to those In the whele homoe-
genates, It 1s interesting to note that counslderable per-~
contages of the recoversd nuclelc acld and Riliase were found
in the visible granmule fraction (I), and in the intermediates
granules (II), indicating the probable asscciation of both
substances with non-mlercsonsl particles. This assoclation
is examined in more detall below.

In crder to investigate the possible hetercgeneity
wf the visibls granules with respect to thelr contents of



hydrolytic enzymes, Praction I was further centrifuged in
tubes containing several layers of sucrose scluticns having
diff'erent densitles,. Tﬁe separation of granules intc layers
of dfferent densitles as & result of this centrifugation is
daplicted in Filgure 1. In must experiments four separable
laysrs were cbtained; in cne case a fifth, denser layer

was also found. Because the centrifugsticn was performed
for unly one hour, 1t seems unlikely thal complete separa-
tion of granules of different densities was echieved. This
incompleteness of seperaticn, as well as a certain amcunt of
mixing which cccurred upon remcval of the different fractions,
undoubtedly contributed tc the variations in distribution
and activities repcrted below.

Assays of the hydrolytic enzymes In qQuestion, and of
ribonuclelc acld, wers performed on the subfrections cbtalned
by the gradient centrifugation. Testa for LHA were made by
the diphenylamine procedure of Lische (1930) a3 modified by
Zeibert (1o40). These indicated that only trace amounts
were present in each frecticn. The absurpticn of the hot
trichlorcacetic acid extracts at 260 millimicrons was there-
{ure talen as & measure of ribonuclelc zcld content., In
additlon te the hydrolytic senzymes, succinic dehydrogensse
was assayed as an Indicator of the presence of mitcchondria
in the subfractions. The results of these determinatiuns
are presented in Teble III and the averages specific activities
vf enzymes and amounts of ribonucleic acld in each granule
fraction are shown in a series of histograms in Figure ¢.



Figure 1.
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Subfractions obtained from Fraction I by density
gradient centrifugation. The subfractions were
obtained by centrifuging granules on the follow-
ing densities of sucrose for one hour at 90,000
times gravity: 1.1515, 1.1665, 1.1868, 1.1972,
1.2092, and 1.5165.
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The results indicate cunslderable helerogensity 1n graanule
L¥pG3. w~eld phosphatase, lipase, and ssterase have the
highest speciflc sctivities in the granules of lowsst
denslity, subfractiova A, 4cld phosphatase in these granules
Ba5 o relative specliflc activity as much &s nine tlnes that
+£ the whole homogenate, while esterase and lipase are about
four tilmes as concentrated as in the whole homogenate. 3ub~
fraction B, which contains the highest spscific activity of
succinle dehydrogenass, is presused to be the chief mito-
chondrlal fraction; however 1t also contslns the largest
percentages of all cther enzymes assayed as well as the
nighest parcsntaga of total protein. This is assumed to be
a result of incumplete ssparation of gramules as noted above,
The echlncchrome plgaent granules are also concentrated in
this subfraction. rigment prosumably derived from these
granules was always found in the fluid at the ltop of the
density gradient. JSrotsolytic activity at pH 5 is alsu most
cuncentrated in Subfraction E. Aryl-sulfatase, & character-
istic lysosomal enzyme, has scmewnat higher specific activities
in subfraction A snd 1n the denser granules L and =; however,
its dlstributicn is falrly uniform tharoughout all the sub-
fracticns isulaéad. {bonucleass activity and ribonucleic
acid are low In the mitochondria fraction and are only
avderately high in subfraction 4. The dunser granules,
especlally . and &, contaln unusually high concentrations

W boeth Ridese and ribonuclels scid.



Figure 2.

Average specific activities of enzymes and
amounts of ribomucleic acid in the subfraction
granules isclated from Fracticn I, The values
are multiplied by the factors indicated. The
lines represent one standard deviation below
and above the mean.
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spherical granules varied in size from about e to three
mierons, with 60-T0 percent being in the 1-1s micron rengs,
and ebcut 20 percent in the 2-2% micron renge. Only o very
fow gramules were evident in the 3-3: micron renge, probably

loss then one or two percent.

The staining of gramiles from Fracticn I prior to
isclation on the sucrose layers gave concluaive results
only with toluidine blue. With this stain Subfractions A
and ¥ stained slightly with a very pale pgreen color. Sub-
fracticns B, C, and D appeared to exhibit metachrumasise,
with most of the red color concentrated in Subfraetion B,
Heutrael red and methyl red were predominantly taken up by
Subfrection B, but this may have resulted frum the presence
of mest of the grenules of all types in this subfraction.
The preosence of red; echinochrone plgment granules in this
fraction interfered with the detection of its stalning
properties with all dyes. It sesms cleer that the granules
of Subfraction A, which possess the highost specific activity
of ecid phosphatase, do not stain metachromatically in viter:.
4 direct analysis of the nature and content of polysaccharidos
in the different granules would appear to be desirable from
the standpoint of correlating this finding with that of
Dalcq (1963), who reported that granules possessing acid
phosphatase actlivity also exhibited metachromatic properties.



DIBCUSSION

From the results illustrated in Pigure 2, it may
be tentatively concluded thaet at least three types of
visible gramules, differing in their content of hydrolytic
enzymes, exiat in the sgg. The first type, exe
Subfraction A, exhibilts acid phosphatase, esterase, and
lipase activities. 7The second type, most abundant In Sub~
fraction B, contains proteclytic activity at pH 5. This
fraction also probably includes the mitochondyla, since
succinic dehydrogenase is most concentrated here. The
third type, found in Subfractions D and E, contalns ribo-
nuclease and ribomuclelic acid, as well as a falrly high
contont of aryl-sulfatase.

The granules of Subfraction A contain at least three
of the hydrolytic enzymes believed by de Duve (1963),
Novikoff (1961), and others to be located within the lyso-
romaslia in these granules

somes. The absence of metac
after ln vitre stalning sugpests that they may differ from
the glphs and bets granules of Daleg (1963) and Pasteels

and Mulnsrd (1957) in their polysaccharide content; however,
these Investigators worked only with fertilized sggs stained
in ¥ive. Rebhun (1959) demonstrated that in Spisule scli-
digslms stalning of the alpha and beta grenules appeared unly

32
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aftor fertilization. In stratifying ogos of various specles
of sea urchins, Immers (1960) expressed doubt that regions
of mucopolysaccharide concentration evidont after in vive
staining correspondsd to the metachromatic glpha

formed only on unfertillized oges.

In spite of their high content of hydrolytic enzymes,
it is not possible to identify the gramules cof Subfraction A
as lysosomes. De Duve (1963) has werned that the present
dafinition of the lyscsome, although based primarily on his
rat liver tissue work, must not include any incidental de-

talls such as size and other physical charscters, csmotic
propertles, centrifugal behaviocur, mechanism of structure-
linked latency, or sensitivity to individual dlsrupting
treatments. I these factors are therefore cmitted in de-
fining the lyscsame, the essentlal characieristlic remalining
is the asscclation within & specisl growp of cyboplasmic
pariicles of o mugber of scluble scld nyGrclases of widely
differing specificity. The accessibility of these enzymes
to the surrounding substrate must bo restricted, makling the
latency of the enzZymes dependsnt on the structural complexes
wf the partlcles, Such a definitlon would be bread encugh to
include the hydrolytic grenmules in Subfrection A isolated

acia eggs, 1f it were shown that the accessibllity
or activity of the engymes in guestion is restricted by the
gramidar structure,

The second type of granule recoversd fron egg
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homogenates exhiblits a high concentration of proteclytic
activity et pH 5. This enzyme activity was most concentrated
in Subfraction B; however, this Subfracticn also contailned
censiderable percentages of the total activities of all the
other enzymes studied, as well as the highest percentage of
total protein in the vislble granule fraction. Subfraction B
probably contains most of the mitochondria, since succinic
gehydrogenase 1s most concentrated hers; however, the presence
of mitocchondria can only be confirmed after & study of the
rulitrastructure with the glectron microscope. Fram 1ts high
content of protein, it is assumed that most of the
protelnacecus yelk is also concentrated in this subfraction.
This subfraction appeared to show some metachromssia after
in ¥ityo staining with toluldine blue, Indicating that the
metachromatic granules of Daleq (1963) may be included in
this layer. Becsuse of tho apparent heterogenesity of this
group of granules, it 1s not possible to make any reasonable
hypothesls regarding the ldentity of the protsass~contalning
gramiles,

The most dense gramiles in the visible granule
fraction, recovered Iin Subfractions D and E after gradlent
cantrifugstion, contain much higher specific concentrations
of ribenuclelce acid and ribonuclease than do the other visible
granules. The existence of similar dense RNA budles In eggs
has been reported by cther workers. Raven (1945) demonstrated
the presence of heavy RNA particles in the contrifugal pole
of stratified Limmaes oggs. Pasteesls (1958), by centrifuging
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trotus eges, discovered "heavy bodies” of RNA, ranging
from 1-3 microns, in the centrifugal cap reglon. This reglon,
which also conteined the mltochondria, was intensely stalned
with pyronine. Pasteols postulated that, in addition to
being found in the ribosumes and in annulate membranes within
the ogg, RNA could alsc be found in undsfined structures
that could be linked to the mitochondris but which contained
the most dense material in the egg. Balinsky and Devis (1963}
obaerved slectron dense gramiles in the young oocytes of
Xenopus lasvis which presumebly accumulated between adjacent
mitochondria. Afzelius (1956) has alsc described "heavy bodies”
which staln vitally with toluldine bluse In the ses urchin egg.
Immers (1960) described dense RNA granules which were
separate from the mitochondrie in the most centrifugal zone
of stratiflied egms of Paracentrotus lividus. A few workers
have claimed that the heavy yolk granules, especislly in the
Amphibia, contain an appreclable amount of RNA (CGrant, 1983;
Rounds and Flickinger, 1958), but others have shown by histo-
chemical and cytological studlies that there ls little or no
ed. Colller
(1960} found no evidence of either RNA or protoclytic enzymes
in the yolk granules of Ilyanassa cbsoletn. The recent work
by Karesaki (1963) aend Chno et al (1963) rovealed no evidence
flor the pressnce of RNA in the yolk granules of Triturus
Dyrrhogaster and Rena piplens embryos.

It may be tentatively concluded that the heevy
granules in Subfractions D and E correspond to those described

RNA within the yolk gramules of most specles examin




by Imers end Pasteels. Theose bodies are probably not poly-
ribosomes, since Wilt (1964%) has shown that these appear
only after fertilizetion in the eggs of Stro
purpurstus. It ia possible that the anmulate lamellae des-
eribed by Pasteels (1558) are sufficlently dense to be in-
cluded In this fraction; these structures consist of membranes
to wihich bodlies similay In sise and density to ribosumes sre
attached., No previcus report has been made concerning the
association of ribonuclezse with any granule fraction in the
epr: however, a comparison of the present finding with that
of Reid and Node (1959) for granules of rat liver is of
particular interast. These suthors provided svidence that
acid ribonucles
rapidly sedimented from homogenates than the lysosomes,
indicating the possaible exlstence of & zeparate set of granules
virich contain this engyme.

The distribution of asctivities of the hydrolytic
anzynes in PFPraction II and ITI of the sgg hoamogensates indi-~

3@ was present in particles which were more

cates the presence of these enzymes in sulmlcroscople
structures (see Table 2). The possibility therefore sxista
that granules resembling rat liver lyscsomes In size may also
be presgnt in the
durings preoperation, as =ype¢ liver lysocaomes, thls may sccount
for the high snayme sctivities found in thoe scluble fraction.
It ias of interest that Fractions II snd III of the gut tissue
of adult Arbacia (Teblo I) contaln approximately the same
spociiic activities of acid phosphstase and esterase as do

egg. I such grenules are sesily ruptured




the corregponding frections of the egg.

It iz not possible to speculate in dstall about the
rolationship of the granules described above to developmental
procsuses; however, & mmbor of studles may be mentioned
which tend to implinate hydrolytic grenules in fertiliza-
tion end cleavage. Inmers {1960) reported that che fertiliza-
tion membrene is more hipghly slevated and more refractive in
the heavy pole of atratifiesd Arbacis ilxmule which contains
the yolk layer exhibiting strong pericdlc acld~Schlff staining
and acid phosphatese activity, In Pssmgecilous mlliaps
yolie layer with similax staining is loceted neaxr the light
rolz, and & similar slevation end refraction of the fertiliza-
tion membrans occurs in this reglon. After fepiilizatlon

nuwevar, the yolk granulss become more evenly distrlibuted
throughcut the cytoplasm and stain more Intonsely. Tmmers
postulated that the results indicate that one or aeversal
factors activs in the crganization of the fertilizetion mem-
broane 2re bound to particles which follow the displacement
i the yolik gramules in centrifuged eggs. He was undeclded

o whether the activity stems from wwmedifisd yolk globules
sr from more specialized particies. By centrifuging
fortilized eges of Temeonisurus and Mesphildie Into light and
heevy halves, Kojime (195%9) demonstratsd that only the halves
waegiving the metachromatic grenulss as well as most of the

sther vieible granules during contrifugatlon ars able to
cleave, Marslend gt sl (1960), in pressure contrifugation
wori un premature fureowliag in Arbacis erps, found that
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maclesr mupltuare 18 8 necessary preliude to Murrow inductlion,
but that the induced furrowing does not socour unless the
metacidromatic granules 1n the cytoplasa are also ruptured,
Megeic {1957) reported thei proteclytic activity at pH 5.4
Y 5.9 1is a characteristic mitochondrial emzyme in

pdus; however, hls preparations of mito-
chondeia widoubtedly contained other Uypes of geamiles as
waell. Magglo foumd that the protsess sotlviity in the grenu-
lar frection decreases lmmediately after fertilization,
increases slightly during the sperm-aster stags, and theun

dgcresses agaln. The cyboplssmic protease undergoes a
Leporsry inerease Immediately after fertilizsticn. These
chmnges in actlivity could be due tw the differential release
sf ensyme durding propereiion in different steapes or Lo changes
" 1n activity of the onzyme Liself.

Ho work has beun reported which directly inplicates
“he dense RiA-containing granules in any plwmse of oarly
development. These may ropresent 8 sturage foym of RHAase
saii vibonuclele aclid in the unfertilized eggp. Further studles
should be made of o fertilized egg tuv doteraine if the
granules contribule tu the yepild disappesrence of ribosual

RGA during cleavage cud carly blastulaetive {Conb and Brown,

iBGh;, or to the relesse of bound messenger RNA which hes been
postulated to ccour ab fertilization (Tylew, 1903).

The hetercgenellty of the populailuns of grenuless vhich
contaln hydrolytic enzymes in the egg may be generally related
o the tlming with which different enzymes becume sctive
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during development. It is postulated that such a separa-
tdon of enzymes in different gremiles could result in the
speciiic release or actlvation of some Lydrolases, bul not
cthers, at particular developmental stages. Furthemore,
partial segregation of the granules into difflerent cells
during cleavage may confer different developmental
potentialities on the daughter cells. Segregaticn of granules
and certain engymes have been observed in numercus eggs
exhibiting "mosaic” cleavage (cf. Brachet, 1950 for review);
howsvey, similisyr differentiation has not been cbserved in
the ses urchin, imental testing of the latter hypo-
thesis must swait the develcpment of technigues for visual
identification of the granmules in questiun.
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TABLE I

DISTRIBUTION OF ENZYME ACTIVITIES,NUCLEIC ACID AND
PROTEIN IN SUBCELLULAR FRACTIONS OF THE GUT

Specific activities of acid phosphatase and esterase are
axpressed in micromoles of substrate converted per minute
por microgram of protelin, multiplied by the factors indicated,

ﬁ?@; Whole I Ix IIX v
Total Gl* 100.0 12.6 5.4 4.5 k7.2

activity as ge* 100,0 15.3 5.6 4.9 k2.4
percent of wholel@3 100,00  17.4 11,0 TS5 377
honogenate ok 100.0 16.9 13.8 15.7 3.1
Average 100.0  15.5 8.9 8.2 B0.8

313%1?10 %tﬁi' Gl* 2‘;‘? 7.}4 3.0*? 1343'!" 3&-7
vity (x 106)  @e* 5.8 12,1 10.7 134 5.

G3 £.7  15.4 15.4 11.4 2.7
a4 T4 12,7 0.7 10.7 27
&VW £.0 11.9 1l.9 12.3 b 2%

Specific acti~ Gl+ 1.0 1.6 23 2.8 1.0
vityrelative to G2% 1.0 2.2 2,0 3.0 1.0

that of whole G3 1.0 2.3 2.3 1.7 0.4
homogenate G4 1.0 1.7 1.4 1.4 O.4
Average 1.0 2.0 2.0 2.2 0.7

W7



TABLE I (cont.)

Eggp.‘ Whole I 1I I IV

Total sctivity G3 100.0 8.0 8.7 14%.7 98.0
as per cent of Gi 100,0 10.5 8.6 30,4 97.2
whole homogenate

ﬁmj-fiﬂ &ef&ﬂr 6’3 3”;@ 3;# 60@ lch 318
vity (x 105) o 3.2 B4 3,0 9.2 3.6
ﬁmifiﬁ &Gtﬂ." G} 1‘3 1&1 2;& 396 102
Vity relative G&' 1.0 1.1 009 2:9 1.1l
to whole homo-
genate

Igtal Nuclelc Acid

Total amcunt as G3 100.0 7.1 4.3 8,8 Th.O
percent ofvhole G4 100,0  10.2 .1 1l.6 €6.0
homogenate

Micrograms per U3 22.4 20.6 14,6 23.4 19.8
microgram of Gl 20.6 21.4 13,0 22.2 15.2
protein (x 107)

Concentration G3 1.0 1.1 0.7 1.3 0.8
relatlive to
whole homogenate (b 1.0 1.0 0.5 1.1 0.7



TABLE I {cont.)
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Exoteln
Total amount as Gl* 100.0
percent of whole G2* 100.0
homogenate a> 100,0
G4 100.0

8.0
7.0
8.1
9.7

2.4
2.7
4.9
9.6

1.6
1.6
h.7
11.0

45.0
57.0
89.0
89.0

* Entire gut of animal not removed.



TABLE IT

DISTRIBUTION OF ENZYME ACTIVITIES, NUCLEIC ACID AND
PROTEIN IN SUBCELLULAR FRACTIONS OF THE BEOG

Specific activities for lipase and aryl-sulfatase are ex-
prossed in mleromoles of substrate converted pey mimate per
microgrem of protedin, multiplled by the fsctors indicated.
RilAaze la oxpressed in mlcerograms of HNA aclubillized per
mimite per microgram of proteln, and proteclytlic activity
at pH 5 in micromoles of tyrosine liberated from hemoglobin
per minute per microgram of protein, all multiplied by the
indicated factors., The other enzymes are expressed in the
same terms as in Teble I.

E$§¢ ¥hole I iz iiI v

Agld Fhosphatase
Total sctivity El* 100.0 32.9 19.7 3.8 9.1
as per cent of  E2%* 100.0 26.8 Tel 79  TT.5
vhole hosogenate E3%* 100.0 51.1 10,4 5.5 64,4
B 100.0 33.6 £.0 £.0  €8,0

Smpeific acti~ EI® 5.7 T.4  12.7 8.7 2.1
vity (x 209)  moes 3.0 7.4 5.4 234 3.6
E3%* 2,6 8.0 4.7 141 3.0
E4  10.7 16.1 12,7 20.1 4.0

Specific ecti~ EI* 1,0 1.6 2.7 1.8 0.4
vity relative mowe 1.0 2.4 1.8 Y 1.2
to that of EBes 1,0 Bel 1.7 5.4 1.2
vholelomogenate R4 1.0 1.5 1.2 1.9 0.4

50



TABLE IT {cont.)

ol

Y%;;:. vhole I iz IiIT Iv
¥
Totel setivity H# 1000 36.6 18.8 1.7 8.8
as per cent of E2#* J00.0 25.0 15.0 0 55.0
vhole mgmt@ W 106.0 4o 0 13.0 Q % .0
il 100.0 h2.8 15.0 O 8.0
ﬁmm@ actli~ Elw ‘!’}ﬂé 8"3’ 12.0 366 3-23'
vity (x 107) E2*% 5,0 12.0 20.0 O B4
ENne 3.0 8.0 2.0 O 20
Eh 7.2 14,0 22,0 8 5.8
&W@m@ acti~ El# 1.0 lta 31? {}.g OQEB
vity relative Lo 1.0 2.4 Se O C.Q
o that of E3we 1.0 2.7 2.7 0 0.5
E4 1.0 2.0 30 O 0.8
Total acti El® 100.0 15.% 190.F% 7.8 584
cent of whole ESeR 100.0 26.5 2.2 5.0 Th.7
homogenate E4 100,0 42,9 5.8 5.1 710
Specilic acti~ El# 5.0 4.0 15.0 20.0 3.0
vity (x 107) Eo® 10,0 7.3 29,0 54.0 11.3
Exee G5 16,0 14,0  §7.0 12.4
BY 2.9 17.6 15,0 48,0 11.0



TABLE II {cont.)
Exp. Whole I T mI I
Specific achi~  EL¥ 1.0 0.8 3.0 4,2 0.6
vity relative Hpws 1,0 0.7 2.9 5.4 1.3
4o vihole homo- Exee 1.0 1.7 1.5 h,0 1.%
Wﬁﬁ E!# 3.:6 2:0 1&? 5#3 l‘g
B 100.0 55.1 O 0 6.4
as per cent E8 100.0 46.0 Oawe  Qosss 823
of whwle hemo~ 29 100,0 54,9 .2,2 0 g2.1
genate
Average 100.0 852.0 0.7 0 76.3
Specific acti- ET 18.0 7.3 O 0 ky,0
vity (x 10°) E8  22.8  26.0 Owes  O#ss 316
O 17.8 3,2 2.8 0 17.0
Average 1.4 36,0 0.9 0 30.%
Specific mcti- &7 1.0 2.6 0 0 2.5
vity relative to EB 1.0 1.2 ORae Ones 1L
whole homogenate EG 1.0 1.9 0.2 0 1.0
Average 1.0 1.9 0.1 0 1.6




TABLE II (eont.)
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Bep. Whole I I I W
Aryl-sulfatase

Total activity E7  100.0 24,0 1.9 i.h 18,8
aa per cent of EB 100.0 33.0 L lnas Ouee 43,0
whole homo- E9 100.0 22.3 3.2 1.2 38.7

genate
Averege 100,06 26,4 2.1 0.9 33.5
Specific acti- E7 8.4 6.2 1.5 4.5 6.1
vity (x 107) B8 7.9 6.5 1.3wee owes G,
EY 6.0 12.7 B 2.7 7.2
Average 10.8 8.4 2,1 2.4 6.5
Specific acti~ ET 1.0 0.7 0.2 0.5 0.7
vity relative frvs! 1.0 0.9 Q,2%es Qsss Q.8
to whole homo-  E9 1.0 0.8 0.2 0.2 0.4

genate
Averege 1.0 0.8 0.2 0.2 0.7
Total activity E7 100.0 27.8 1B.0 16.4 69.2
as par cent of E8 100.0 33,3  17.35%%]12,888802.G
100.0 3%.2 17.7 17.3 BB.6
100.0 32.1 17.7 15.5 83.6




TARLE IX {econt.)

Whole

Exp. i Il II1 v
#
SpWifiﬁ &ﬁ?}iﬁ' 33@‘7 :ﬁ?ng 29;9 59*{.} 1% L0 55}.0
vity (x 10°) EE  56.0 LB.0 140.%%® 56,0%%8126,0
£g 8.0  57.0 5%2.0 102.0 88,0
Averege 7.0 B4, 6 B4,0 9B.,0 87.6
Specific acti- &7 1.0 0.8 1.7 8.7 2.7
vity relative to EB 1.0 0.8 2.788% ) Onew 0.3
genate
Averege 1.0 1.0 1.9 2.8 2.0
Total Nucleic Acid
Total amount as &7 100.0 22.4 11.6 18.9 §1.6
per cent of BB 100,00  17.8 10,5837 ) aea77 .8
whole homogenate S 100.0 20,7 20.% 423  77.5
Micrograms per E7 72.9 54,1 Bs,l 435.5 128.3
microgram of E8 T2.5 33,3 117.7m200 0% 140,0
protein (x 10°) ES  TH.6  54.0 106.0 336.0 (7.5
Cancentration ﬁ? 1.0 C’m? 1.1 ’5‘01 136
raelative tc that EC 1.0 0.4 1.7 .5 1.9

penate




TABLE II (cont.)
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IX III

%p. Whole I
Total amount Z1* 100.C 20.3 Tae 2.1 72,2
g2 per cent of E2#% 100.C 11.0 .0 1.0 €4.0
whole homogenate £3%% 100.0 17.0 6.0 1.0 57.0
Eh  100.0 22,0 6.0 4.0 60.0
E7 100.C0 33.0 10.0 L,0 26.0
B8 100.0 39.0 6,588 0 O8e5h O
EG  100.0 28,0 14,0 7.0 85.0

*  Protein determinaticns made without extracting with TCA

L 8 L

ate., and the ordginal hom

genate was contrifuced at

2000 rpm to remove debris instsad of 500 rpm.
Original homogenate was centrifuged at 2000 rpm to
remove debris instead of 500 rpm.
Fractions II and III were not washed aftor ths inftisl

cantrifugation.



TABLE III

DISTRIBUTION OF ENZYME ACTIVITIES, RNA, AND
PROTEIN IN SUBFRACTICHS DERIVED FROM FRACTION I

Succinic dehydrogenase activity 1s expressed in micromoles
of substrate converted per minute per mlcerogram of protein.
The other enzymes are oxprossed in the same terms as in
Tables I and II, multiplied by the factors indicated. The
lettors A through E represent subfractions of different
dansities, obtalned by centrifuging Freaction I can sucross
layera. The granules in Subfraction A are those of the
lowesnt density.

Acld phosphstase
Specific actl- B 95.8 32,6 14,9 134 -
vity (x 106) 5 100.5 26,9 13.5 1.7 -

B 95,1 20.6 14,1 12,1 -

Averege 97.1  29.7 1.1 134 -

;&‘
L%}
i

Totel activity E%  27.9 54.6 12.5 6
ag per cent of Eﬁ 3802 56.2 l}.@ 608 -

Fraction I BE °2.,0 52,1 12.2 5.0 -
AV@?&%@ an' 52*3 lgi? 6:1 e
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E#m). A B C B
Specific acti~ E4 8.9 3.0 1.4 1.2
vity relative EB G.0 Jal 1.5 1.3
to whole homo-  E6 5.0 2.9 1.5 1.2
genate
Average G.0 5.0 1.4 1.2
Total activity as B4 33,0 19.6 21.3 0
per cent of B 3.0 18.2 22,1 3.1
Fraction I 53 3,0 19.0 20.1 4,2
Average 3.3 18,8 21.2 2.4
Specific acti~ Eb 8,6 3.2 16.9 0
vity (x 107)  BS 8.9 32.0 17.0 1.5
B 8.4 31.0 17.1 2.0
Average 8.6 31.4 17.0 1.2
Specific acti- Ei 3.7 2.2 2.4 0
vity relative to ES 4,0 2.1 2.5 0.2
whole homogenate 56 3.5 2.0 2,5 0.2
Average 3.7 2.1 2.4 0.1




TABLE IXT (cont.)
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Ei%_qa.. A B c D
Total ascti~- Y 18.8 56,2 17.8 2.1
vity as percent IS5 2,2 50,1 1.1 20.2
of Frection I E6 19,1 57.2 18.1 20.9
Average 20.7 S54%.7 17.3 20.7
Specific scti~- Eb 55.6 29,0 17.8 37.2
vity (x 107)  E5S 58,1 26.3 16.5 .2
B 5%.2 29.5 17.9 37.0
Averege S%.0 28.3 1T.h 36.8
Specific scti~- Eb 4,0 2.1 1.3 2.6
vity relative to E5 .2 1.9 1.1 2.5
whole homogenate 16 3.9 2.2 L3 2.6
Average 4.1 2.1 1.2 2.6
Total ecti~ E7* 10,5 75.8 8.4
vity as percent EB 9.1 T4.1 0 0
of Fraction I ED 22.5 30.1 G Q
E1l 5.0 50.4 k.2 0.3
E12 £.2 81.8 fed Q.4
12,7 62.h4 3.8 0.1




TABLE IZI {cont.)
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Bp. A B C D E
fora 7.8 3,3 2i.1 0 0
E8 22.2 19.0 0 O -
E9  36.6 22.6 o 0 -
Ell 1.1 30.6 L6 1.6 -
B2 T.0 32,0 10,3 0.9 -
Average 15.7 28,9 T3 0.5 0
Specific actl~ ET* 0.4 2.2 1.2 0 4]
vity relative to EB 1.0 0.8 0 0 -
vihole homo- B9 1.7 1.2 o 0 -
genate Bll 0.7 1.8 0.3 O.d -
kel 0.4 1.9 0.6 0.0 -
Average 0.8 1.6 0.4 Q.03 O
Total acti- Eh 3.9 82,3 O 3.9 -
vity as percent ET* 0 g5.1 18,0 74 3.0
of Fraction I E8 20,7 60,9 11,1 8.9 -
E9 27.9  95.6 13.7 13.T -
Average 15.6 83,5 10.7 8.5 3.0



TABLE III (cont.)

Egﬁ. A B D B
Specific acti~ Eb 2.5 24,0 0 15.0 -
vity (x20°) Ef* 0 W0 25.0 125 5.0
E8 17.1 39.2 27.5 20.0 -
E9 20,5 38,5 20.0 12,5 -
Average 2.5 33.9 17.% 15.0 5.0
Specific acti- E4 0.5 0.5 0 0.3 -
vity relative to E7* 0 1.8 1.3 0.7 0.3
whole homogenate EB 0.5 1.3 1.0 0.6 -
ES 0.7 1.3 0.7 O.4 -
Average 0.4 1.2 0.7 0.5 0.3
Arvl-sulfatase
Total activity E7* 40,0 43.9 22,86 12.9 25.1
as per cent of EY 20.% 6.6 13.5 17.0 -
Fraction I Bl 17.8 22.2 246 6.0 -
El2 20.2 4.5 10,9 27.8 -
Average 24,6 39.8 17.8 15.9 25.1
Specific acti~- E7T® 20.% 6.7 YeH 8.2 32.0
vity (x 107) B 10,2 86 135 1.0 -
Ell 15.4 10.2 10,1 23.5 -
12 8,0 6.0 T2 20.2 -
Average 13.5 7.9 10,1 15.7 32.0
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TABLE IIL {cont.)
Sxp. A B e D &
e?’
Smlemalletass
Spocific acti~ E7e 2.4 0.8 .1 1.0 3.8
vity mlative &9 0.6 0.5 0.8 0.7 -
to whole homo- 11 1.4 0.9 0.5 2.1 -
gennte B2 0.7 0.5 0.6 1.7 -
Average 1.3 0.7 8.9 1.8 a8

vity as per cent EB
of Praction I hoi ¥
Average

Specific acti~ E7#
vity (x 10°) 58
B9
Averegs

Spocific acti- I7w

vity relative to Z8

vwhole homogenate ZU
Average

3.7
45,5
STe2

38.8

80.0
9.6
85.0

87.0

2.4
1.0
1.8

229
339
52.6
32.8

23.0
26.0
48.0
52.3

o.7
G.6
l.1
0.L

29.1
329
§3.1
5.0

T4.0
22% .0
127.0

161.7

Sl
&,G
4.3

J.1

354
28.2
37.6
33.7

10€.0
7.0
108.0
120.35

Z.1
¥

o

A

£3 s*«a}
W

[ ]
\Z

hr.8

41.8

269‘0

260.0

5.9

b.9




TABLE III {cont.)

ce

B

%u | A c D B
Total smount BY  15.6 3.5 @z2.,2 28,55 -
as per cent of Epf* 11,7 18.1 F. 10,1 15,9
Fraction I Ell  10.1  19.9 27.7 16.0 -
El2 15,3 20.2 12.6 9.0 -
13.2  23.7 18.0 14.9 15,9
By 12¢.7 52.5 ¢€4,0 124.0 -
Ef* 88,0 38.5 60,0 95.0 300.0
telr Kl 66.7 5.4 88.6 242.0 -
(x 10°) 61.8 26.5 140.0 200.0 -
Averege 90.8 38.2 88.2 165.2 300.0
Concentration ji 2e3 0.8 i.1 2.0 -
relative to BT* 1.1 0.5 0.8 1.2 3T
vhole homo- 1 0.9 0.5 1.2 Da3 -
penato El2 1.3 0.5 2.9 .1 -
Average 1.4 0.6 1.5 2.6 3.7
Totel amount Eh 1.1 €.l 3.5 1.7 -
as percent of ES 2.1 10,5 €40 2.2 -
whole homo- G 3.0 15.0 6.0 5.0 -
genate E7# $,0  13.0 k.7 3.1 1.6
E8 9.2 24,0 2.7 D2 -
EG Tl 12,8 3.6 549 -
E11 3.7 14,1 TS 1.6 -
g12 4.2 13.0 7% 4 2.3 -



TABLE IIT (cont.)

# Fraction I was flrst centrifuged on gradlent of the
following densitles: 1.1513, 1.1868, 1.2092, and 2.5 M.
Five sets of grenules were isolated, the top two sets
being very close together. The top two sets of grenules
were recentrifuged on the following gradient to further
separate the gramiles: 1.1513, 1.1663, 1.1868, 1.1972,
2.5 M.
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