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INTRODUCTORY

An understanding of the structure and functions of Plant and Ani-
mal cells and their particulate and soluble econstituents is important not
only in the normsl functioning and morphogenesis (58) of the cell, but al-
g0 in the study of sbnormalities of metzbolism and growth produced by =srti-
fieinl and natural pathogens.

In the invectigntion of the cell structure, staining techniques
based on particular metsbolic resmctions or on chemieal linksge with the
atain leads to inconclusive results, since the speeificity of the stain
is uwnecertain,

The use of Light microseopy is limited by the size range of the
particles while the use of high magnifieation may lead to the production
of artifacts, if no other method of investigntion is used in eomparison.

Nensley and Cleude (45), to solve this difficulty, developed a
method of fractionation of the Cell narticulates by centrifugstion, fol-
lowed by 2 chemiecal anslysis of the cell particulates.

Since centrifugetion was initislly used to separate the cell parti-

culates, the method has been elaborated in order %o improve the purity sand

Abbrevistions
DNA Desoxvribose nucleic aecid
RNA fiibose micleie acid
TCA Trichloroacetic neid
Coh Co enzyme A
NP Dinueleopyridine
TPN Triphospyridine nueleotide Coll
DPN pi » " Col

BNsece Hibonuclesse



enzymatic activity of the isolated fractions. This method used in con-
junetion with isotopically lsbelled materizl, such 28 labelled Amino Aeids
or Phosphorus, enables one to investigrnte the setivity of the cell narti-
culntes and their interdependence in cellular activity.

The uptake of labelled amino aeide by cell particulates isolated
by differential centrifugation in Plant and Animal tissues varies with
the amino acid used (38, 37, 39), and with the tissue (40).

The universnl presence of cell particulates has recently bheen de-
monstrated. Witochondris first discovered by Altmann (8) in 1880, have
been shown to be present, not only in Vertebrate (74, 120) and in Inverte-
brote cells (100) but also in Beeterie by the use of straining techniques
{166, 167, 111) and the study of the enzymatic sctivity of the bacterial
particulates (24, 108, 142),

The distinetion between chloroplasts and mitochondria in Plant
tissues noted by CGaston Bonner in 1920 has been confirmed using the tech~
nicue of differential centrifugation.

Stafford (138) and other workers (66, 845 have been able to separate
particulate fractions which have enzymatie activities similar to those
found in Animsl mitochondris. The oxidation of pyruvie =acid and ofher
substrates of the Xrebs ecyecle (85, 97, 14, 96) and the oxidative phosphary-
lation (98, 22) shown by the isolated fractions, substantiate the pres-
ence of mitochondria in Plants, although their size differs from those of
Animal mitochondria as csn be seen in table VI,

The activities of Plant mitochondria have been recently discussed
by ¥illerd and Bonner (107) and by Coddard and Stafford (66).

Mierosomes are present in Mammalisn cells (137, SO) and have been



revorted in Plant tissues (101, 66, 157); but it is unknown whether they
are oresent in Becterin.

In Animal tissues labelled amino =eids are incorporated in to
both the mitochondrisl and mierosomal fractions (1, 134, 89, 88), the lat-
ter having the fester reate of uptake (5). In Plante, Vebster's (157) in-

vestigation of the uptake of Cl4

glutamate by Resn hypocoivls substentiat-
ed this finding.

However, the rate of uptske varies whether the perticulates are in-
cubated =& tissue slices (36), homogenates (164, 165, 39) or isolated par-

ticulate fractions (159) with the labelled amino acid.

The interdependence of the cell particulates has been shown in oxi-
dative reactions, ures synthesis (131), glycolysis (130), in fat (145) and
drug (31) metabolism. If the Plant partieulates are not maintained in a
condition similar to that found in vivo, the uptake of AAs by fractions
may not correspond either in distribution or smount to that of the original
tissue. In the study of the uptake and breakdowm of phosphorus, Potter
(123) found both the nuclear and mitochondrial fractions essential for
maximum phosphorus breakdown: o mixture of maclei to mitochondrie in
ratio of 1:1 heving an oxidative sctivity equal to twice thet of the mito-
chondris alone. Further Johnson and Ackermsn (88) noted that the nuclear
fruetion added to the mitochondrial fraction, increansed the oxidative phos-
phorvliation by 280% and incressed the emount of phosphate fixed by 200%
of that of the isolated mitochondris. Stern has recently (139) confirmed
Johneson and Ackerman’s findings in vitro, but not in vivo. Siekevitz (135)

noted that a fall off of the rate of phosphorylation oceurred unless a



factor present in the supernatant was added to the mitochondrial and micro-
somal fractions. OSiekevitz further found that the mitochondrial fraction
free of microsomes did not incorporate labelled amino seids, although BHore
sook (39) found the mitochondria isolated at 10,000 g are capable of incor-
porating amino acids (160). Plant mitochondris isolated at 10,000 g are
ecapable of incorporating amino scids and can synthesize peptide bonds (161,
158) . Webster found in this case that the mierosome fraction minus the
mitochondrisl fraction was unsble to take up glutamie acid. Keller (88)
noted that inecorporation of =smino aecid required the microsomal fraction
together with a heat labile non dialysable component of the soluble frac-
tion.

In view of the faster rate of uptake of lsbelled amino acids by the
microsome fraction and the high concentration of RNA in this fraction in
Animal (114, 75) and Plant (138) tiesues and the relaticnship of RNA and
protein synthesis in Animel (5 , 80), Plant (158, 59), and in Bacterial
cells (62, 64) the participation of the nucleus in either amino neid incor-
noration or nrotein synthesis has been cuestioned. It is unknowvn whether
the uptake and incorporation is snlely dependent on the eytoplasmic parti-
culantes or directly dependent (103) or indirectly dependent (28, 26) on
the nucleus. Even the relstionship between RFHA ennecentration and protein

synthesie has been questioned by Hokin (79), Chantrenne (43), and Laird (94).

In previous investigations the nuclear fraction has either not been
considered (88) in relation to AA uptake or has been found to have & low
rate of uptake of amino acids (4) in comparison with other fractions (83).

The isolstion of Plant nuclei differs from that of Animal nuclei in



that media, such ne eitrie acid (55) or sucrose solutions (77, 109) used
for Animal nueclear isolation do not nreserve the structure of the Plant
nueleus.

Plant nuclei have been isolated by Brown (32) by grinding in ben-
zene carbon tetrachloride mirture and by pectinese digestion, while Veier
and Jtocking (156) =nd others (84, 104) have prepared nuclear fractions of
which neither the purity of the fraction nor the integrity is known. Veler

and Stocking reported their muclel were not of uniform structure.

{1) An investigntion wns therefore undertaken firstly to isolate

a structurally intect Plant nuclear fraction by centrifugation in a suite
able medium, and secondly to die cover whether this nuclear fraction showed
any uptake of labelled glyeine 14 ang if so, to compare its rate of uptake
with thet of isolated mitochondrisl and supernatant frections over = period
of time. The accuracy of the estimetion of the distribution of C14 in the
fractions was inerensed by the use of 2 vibrating reed electrometer instesd
of an end window Ceiger counter (168). Further by applying Zilversmits
theoretieal produet precursor relastionship (170) to ascertein if there is

any interdependence of the particulates in AA uptake.



EXPERIMENTAL

Peneil Pod wax Beans were sterilized in a 7% caleium hydrochlor-
ite solution for half an hour and then soaked in running water for 18 hours.
The Beans were pleead on moist filter paper in trays for one o two days.
Foot tissue was selected when the root wes 1.5 ems in length, the first

gentimetre being used for inecubation.

(1) Huelear isolstion

o attempt hes been reported on the prepurstion of pure Plant nucled
consecuently the isolation of Nuelei from Dean roots were investigsted under
verying eonditions. The following medis for isolotion were tried.

0.29 ¥ suerose

086 ¢ + 0.0018 ¥ CaCly (78a)
045 v + phosnhete buffer (158)
0.50u * + 0,001 ¥ Ca(N0g) o (156)
0.50 *

85 end 955 glyecerol (58)
Anderson's Solution I, II and IIT (163)
| Table IV shows the results of varying the conditions of isolation
on the state of the nucleus. The media such as .5 I sucrose or .45 M
sucrose + ealeium nitrate or .45 M suerose + phosphate buffer feil to pre-
serve the nuclei intnct.
Centrifuging the Plant nuelei 2t speeds comparable to those which
sediment /Animal nuelei (toble TT) csuse fragmentation of Plant nuclei (photo 6.
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The finel procedure sdonted wae ag follows:

The Bean root tissue was homogenized in a pyrex glsss homogenizer
gimilar to that used by Potter and Hlvehjem (124), for 15 seconds at 0°C
in 4 c.c. of Wilbur and Anderson Solution II. In each case, 0.18 gms wet
weight of Bean root tissue were used. The homogenate was filtered through
six layers of Bolting silk (no.20) in = Buchner filter pump. The homo-
genizer was washed with 5 cc of solution snd the wmshings filtered and
added to the homogennte. The homogenate was then centrifuged =zt 70 g
(600 rpm) for six minmutes snd the supernatant withdrawn by a mierosyringe
when the nuclesy were *spun® down. The whole procedure was cerried out in

2 ¢old room at 2 temperature below 50 .

Hicroseconic exaninetion

Smenr preparstions of the nuelear fraction were sllowed to dry over-
night 2nd were then stained with methyl green pyronine as follows:
15 minutes in Methvl green pyronine at 63°C,
6 hours in tertary butyl aleohol (two changes)
1 minute in Acetone |

Hount in Canade Baleanm

DA estimetion

The smount of DNA in the nuclear fraction, together with that of the
total filtered homogenste wee estimated with a neckmann auartz spectronhoto-
meter (144, 53),

2.3 ml of ice eold TCA wine added to the nuelear fraction and the
whole allowed to stand for two hours. The mixture was centrifuged at

1000 g for 10 mimites =nd the supernatant withdrswn. 0.05 ece of 50 eysteine



hydrochloride together with 5 ec of 70% Ho80, were added and the mixture
allowed to stend for 10 minutes at 25°, The sbsorption at 4390 mu was
noted 28 % trensmission of the solution, after the spectrophotometer had
been correcied with a control to resd 100% tranemiseion with the sperture
of the slit 0.02., The concontrntion.of the DMA eorresnonding to the %
tranemisaion wme enleulated from 2 standnrd curve nlotted for knovn cone
centratione of DVA ageinet © trenemission at 25°C (fig. 1). All estima-
tions of DNA concentration were earried out ot 25°C, sinee the reaction
depends on the temperature. Retimations of total DNA in the filtered homo-
genate were made by centrifuging the homogenste at 2000 g for 15 mimmtes
with the addition of 5 ee of TCA and then the procedure following wms ne
2hove.

It was found necessary to dilute the total homogenate after trest-
ment with cysteine hydrochloride and sulphuric aseid after 10 minutes by
50% end then estimate the DNA concentration, gince = linear relationship
between DA concentration snd % transmiesion exists over 25 - 550 gms.
DA coneentration. l

Similar DVA estimations of the Nuclear fraction were made using

Miller&'s eolution (108).

Nuelear
Fesults

Mierozconie examination

Hethyl green pvroxine stained nuclei when vieﬁad under the phese
contrast microscope showed the nuclei isonlated at 70 g for 6 minutes in

Anderson I solution to be in good condition, the nueleoli being clearly
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visible (82). The nucleus shows a depression on one side, o fact which
may be related to a difference in structure of the nuclear membrane in
that area. The mucleoli are still »resent when this danressidn ig pre-~
gent. On Holtfreter's ecriterion that the nucleolus is present only in

an intaet cell, the depression may not be correlated with any significant
change in the nucleus. Centrifuging out the nuclei at higher speeds or at
lower speeds Tor longer periods of time leads to the formation of eigar
shaped nuclei, disruption and formation of bead like frﬁgments ( photos 5,

)

DA Eetimetions % Transmission kange of Results

(average of 7 runs)

Nuelear Fraction

in Andereon IT 55.81 85,5 « 87.8
Total homogenate diluted by 507

in

a) Anderson IT solution 5450 52 - 57,0
b) Millerd solution 55.08 5l.6 = H7.0

The miclear fraction showed no asetivity of succinie dehydrogenéso
(54)., It should be noted that the DNA hes been shown to be present in the
evtoplasm (169, 44);: Schneider (78a) has estimated thie to be approximate-
ly 7% of the total DNA in the cell.

From the estimations of DNA, the nuclear fraction containe 50% of

the total cell DHA.

litochondrial isolation

Hitochondria form Bean roots were isolated ns follows:
Bean root tissue wvme homogenized in 4 eec of Millerd's solution (105)

{«4 M suerose + .1 M phosphate buffer) for 15 seconds at 0°C. In each
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eange 0.18 gms wet weight of Hean root tissue were used. The homogenate
wme filtered through 6 layers of Nolting silk (no. 20) in a Puchner filter
pump. The homogenizer was washed with 8 ce. of solution and this filtered
and added to the homogenate. The homogenate wes then spun at 1,600 g
(2,900 rpm) for 20 minutes to sediment debris and muclesr materinl. The
supernatent was dravm off with s microsyringe snd pipetted into a 20 ee.
tube in ice water. 0.1% of 1079 of 1.5 ¥ XC1l (90) was added to the super-
natant and allowed to stend for 15 mimutes. It wee then centrifuged at
2000 g (51) for 20 minutee to sediment the mitochondria whieh aggregnte
under potassium chloride treatment. The supernstant wes dravn off and re-
teined, while the mitochondris were resuspended in 1 cc of Millerd solu-

tion. The procedure wae earried out in » cold room at 5°C.

HMieroscopie exanination

Smears of the suspension were prepared and stained by Harmen's
method (68) and eounterstained with safranin 0.
Procedure
S1ides in 4% solution of 7.G.F. in 104
Aniline water 63°C, and allowed to e¢ool for 8 minutes
Rinse distilled water
10 minutes in saturated solution of Pierie scid
Rinee distilled water
2 minutes in a solution of 1% ag. phosphomolybdie neid
Einse distilled wmter

10 seconds in safrsnin O in 509 aleohol

2 minutes in 70% aleohol
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1 minute in 90% aleohol
1 minute in absolute aleohol
2 mimutes in ethanol/ xylene 1l:1
2 minutes in xylene
Mount in Clarite
Mitoehondrial smears were 2lso eteined with methyl green pyvronine

$0 cheeck for DVA immaritv.

“ueeiniec dehvdrogenanse asetivity

The enzymatie scetivity of the mitochondria vas estimated by the
activity of succinic dehydrogenase by a Heckmann spectrophotometer (126).
In each experiment the initial wet weight of Bean root tissue wms 1.5 gms,
which wes treated as above. To a Beckmann cell containing the following
reactante:

03 mle of 01l M Potassium cysnide

0.3 mle of 001 M Potaseium ferricyanide

0.2 mle of 0.2 M.Sodium suceinnte ... wog added 2 ml.
of the mitochondrial suspension.

The volume of the cell vms made up to 3 ec with phosphate buffer

PH 7+2, A eontrol wns run minus the mitochondrial suspension. The volume
being mede ur to 3 ce with distilled water. The change in the activity
of the succinie dehydrogensse ns 7 transmission at 400 ma =t 25°C. over

a period of half an hour wae recorded (figure IT).

DHA impurity of mitochondrial fraction

To estimate the DA impurity of the !litochondrisl fraction 2.5 ce

of ice cold 10% TCA wae added to both the mitochondrisl and supernatent
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fractions and sllowed to stand for £ hours. The suspensions were then re-
centrifuged at 2000 g for 20 minutes. The DNA were then estimated as des-

eribed for the DMA estimation for the nuclear fraction.

RESULTS

The mitochondrial cmear, stained according to Harmen, viewed under
phagse enntrast mieroscopy showed the mitochondria to be present in ag-
gregated forms. The mitochondria under this treantment become rapidly
spherical. If the mitochondria are examined immediately after separation
at 2000 g for 20 minutes, the mitochondria appear rod like (photograph I),
but when examined after 25 minutes at 209C, they appear to be spherieal
and further aggregated (photograph 2). The presence of unknown particles
(photographe 1 and 2) at present ¢an not be identified since it is un-
knowvn to what extent the potassium chloride treatment affects the other
cytoplasmic particles. IHowever, that the mitochondria isolated are enzye
matically nctive, is showm from the graph of the activity of the suceinie
dehydrogenase (fig. ). It can be seen from the graph that the results
of the four experiments show that the fractions have comparable netivities,
although it ie not Imown why identical initinl weights of Bean tissue show
different quantitative sectivities. In-the first curve (I), the temperature
of the mitochondrisl frection wes allowed to rise from 0°C to 2500, during
the measurement of the suceinic dehydrogenase szetivity. If the sedimented
mitochondria are resuspended in Villerd smlutioﬁ at 25°C, the activity shows
a linear increase over the time of the investigation. The mitochondrial
fraction possese a 7% impurity of DMA, as shown from table 8, which occurs

in solution since it does not stain visibly with methyl green pyronine. It
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was found that incressing the speed of centrifugstion from 1,500 g to

1,600 g, a 104 decre=mse of DNA in the mitochondrial fraction resulted,

although the supernatant fraction ineresse in DNA concentration by 10%.
To what extent the treatment with potassium chloride affects other

cytoplasmic particles is unknown.

TABLE B

% IMPURITIES OF DNA IN MITOCHONDRIAL AND SUPERNATANT FRACTIONS

Mitoehondrinl DNA Impurity 4 Transmission % Impurity  Wo.

Traction ag average of range of of fraction  of
isolated nt values values runs
2,000 g

after initial
fraction isnlated a%.8 (82 - 85) 17% {5)
at 1,500 g

after initial
fraction isolated 93,1 (94 - 94) 7% (4)
at 1,600 g

Supernatant
(2,000 g)

after initisl
fraction isolated 69.5 i ({66
at 1,500 g

754 5) 31% {3)

after initisl

fraetion isolated 59.8 (57 - 63.5) 40% (3)

§

Incubsation of Fractions with 2614 giyeine

In each experiment 0,18 gms wet weight of Bean tissue wns sectioned
at 30 into .6 ec of .05 ¥ potassium phosphate at PH 8¢5 at 25°C (158).
Three drons of 014 glyveine (,1 me in 8.7 mg of glyeine in 1 ce of distilled

water) were added and the whole incubated for v rying periods of time.
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Huelear Incubation

The medium wes withdrawn with a mierosyringe and the slices washed
twice with Yilbur and Anderson solution II. The slices were then homo-
gonized, ete., 28 in the procedure for Miclear isoclation. The nuclear
gsediment wae engpended in 3 ec¢ of Anderson solution asnd trancferred to a
£5 c.c. combustion flask, and the susnension evanorated to dryness on a

water bath. ' .

Mitochondrial Incubation

A similar procedure of wsshing the slices with Millerd's solution,
followed by the mitochondrial isolation method described, was adopted.

Counting Procedure

The combustion flaslk conteining either the nueleer or mitochondrial
dry sediment was fitted to s vacuum line through which earbon dioxide wes
flushed. The ionization chamber was evacuated and flushed twice with car-
bon dioxide. The final evacuation to a pressure of .1 mm took 15 minutes.
The chamber wee traneferred snd 14 collected in the chamber according to
Purr (34).

The ionization chamber was trancferred to ¢ Vibrating ‘eed electro-
meter; Under a Potential difference of 300 volts, the number of disintegra-
tions is summated and the time of the sweep of the pointer from zeyo to 1
millivolt noted (readings set at 1/100 wolt).

llesults

Counts were ecarried out on ... 2) background
b) muelear and supernatent fractions
¢) fraction sedimented at 1,800 g
d) fraction sedimented at £,000 g
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and plotted on a graph of the time of sweep against the time of incuba-
tion. Background eount taken initially to check the ionization chamber
was 36.20 minutes for one sweep.

It ean be seen from Figure 3 that the mitochondrial fraction has
the slowest uptake. There is rapid uptake by the supernatant (microsomes
and supernatant) in the first 2 hours which increases linearly. It is of
interest that the nuclei are initially slow in uptske for the first two
hours and then rapidly increase. The rate of uptake being comparable to
that of the supernatant fresction. Unfortunately more labelled glycine
was not available to enable further investigation of the uptake of nucleer

fraction after 3% hours.
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TABLE I
Tissue Hedium & Method Time & Speed of Reference Hethod Used
of Homogenization Centrifugation to
Investignte
Animal tissue
Mitochondrial and Microsomal ¥ractions

Mouse liver homogenized in P.E, 1,400 g Nuelear Omachie et Enzyme
20 sec. in 2 cc of 4 min. al (115) estimation
«1 NaOH/litre of 23,000 g Mito.

855 NaCl 5 min.
23,000 g Mie.
90 min.
Rat liver homogenized in P.E. 800 g Muclear Strittmather Enzyme
in .25 ¥ suerose 10 min. & Ball (143 distribution
5,000 g Mito.
10 min.
110,000 g Wie.
25 min,.

Heart musele homogenized for 75 150 g Muclear Harman & Preparation
sec. in .28 ¥ sue- 10 min. Feigelson of enzymatic
rose + 8 ml of .04 2,700 g Mito. (69) sctive mito=-
4 NaHCOgpH 7°0 and 20 min. chondria
filtered through (Total)
£AU8e

Rat liver homogenized in 25 700 g Muclear Hogeboon & Enzymic
i or .88 ¥ sucrose 20 min. Schneider distribution
passed through hypo- 5000 g Mito. (76)
dermic needle at 0°C. 20 mine.

148,000 g Miec.
30 min.

ete (data 0.25
M suerose)

Pigeon homogenized in glass 600 g Nuclear Perry (121) Eioproperties
homogenizer in 5 min. of mitochond-
(Tris KC1) medium 8,000 g Mito. ria

30 min.

Rat liver homogenized in P.E. 211 g Nuelear Novikoff - ¥ractionation
in .88 ¥ sucrose 10 min. (114) of cell parti-
for 2.3 min. at 0°%. 114,500 g Wic. enlates

69 min,

Rat liver homogenized pulled Centrifuged as Kuff and Enzyme distri-
through steel in J.B.C. 183 Sehneider bution in
in .25 M sucrose but mito spun {92) fractions of
and homogenized in with density mitochondria

gradient 2.22 -
6.36 Ms. at
108,000 g
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TABLE II
Tissue Hedium & Method Time & Speed of Heference Comment
of Homogenization Centrifugstion
Animal tissue
Nuelear Isolntion
Pet liver homogenized in .25( 200 g Nuclear Johnson &
suerose at 0°C. 7 min. Aekermann of nueleus
in cell
Rat liver thomogenized in waving less then 600 Dounce Nuelear
blender in ice water A.NYASS0 isolation
nnd then .1 ¥ eitrie ( 54)
acid pH & - filtered
through cheesecloth
Fat liver homogenized in Ball Dounce il
type homogenizer in { 57)
+44 ¥ sucrose pH
6.0 - 6.2
fat liver homogenized in Potter 2,000 rpm Hogeboom & d
Elvehjen homogenizer. Ne 40 min. Schneider
2 min., in 254 8 + total (784)
«0018 ¥ CaClp & with
«24 ¥ suerose +
00018 g CaCl?
Hat liver Thomogenized with hand 475 ¢ 8 min. Wilbur & "
homogenizer in suerose initial speed Anderson
hiearbonate solution ete. {163)
and layering method
Iyorhilised tissue frozen and dry centrifuge & Wirsly
powder suspended in separate using (109)
petroleum ether cyeclopropane
earbon tetra-
chloride mixture
Rat liver frozen liver in 70% Sehneider Nuclei
glveerol, washed, (129) good
stained and homogen- condition
ized at high speed
FEat and homogenized in Potter 900 g Nuelear Dullam
Rabbit Klvehjen homogenizer 10 min. ( 58)
liver in 755 glycerol at 4°C

and filtered through

4 lavers of cheeseeloth
% rehomogenized in 95%
glycerol

Tren


http:f:lyert.ng

TABLE IIT

21

Tiesue Tedium & Method Time & Speed of Reference Comment
of Homogenization Centrifugation
Plant
Nuclear isolation
Bye embryo Grind in mill & epin % hrs. at 59%, Brown State of
& root in benzene, earbon {32) nueleus
tips tetrachloride mix- unknown
ture or peptic di-
gestion of root tips
for 3 hrs. st 5°C.
grind and filter
Tobaceo lesves ground in 76 - 600 g Jagendorf Btate of
lesves ¢old m/15 phosnhate sediments nuclei & Wildman nueleus
buffer pi 7.0 in (n4) unknown
+4 1 sucrose
Tobaceo homogenized in €0 g 20 min. #eClendon Imnure
leaves “aring blender for green sediment AeJoy separation
30 seeonds in V/2 containing nuclei (104) of nucleus

sucrose + 01 M
phosphate buffer
pH 638 at 0°.

20,000 g 20 min.
fragment chloro-

nlasts
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TABLE IV
Medium Speed of Tine of
Centrifugstion Centrifugstion Comments
in minutes
0.5 11 sucrose 700 g 5 nueleus fragments
30 g 15 forming bead like
fragments
miclei fragmented
0.45 ¥ suerose 90 g 3 miclei fregmented
in phosphate 65 g 6 nuelei frsgmented
buffer 60 g 5 and not eomplete
sedimented
0.5 M sucrose 70 g 2 nueclei fragmented
in 0,001 ¥ 50 g 6 miclei not complete-
ealeium nitrate lv sedimented
0.25 ¥ suerose 70 g 4 nuclei granular &
60 g 10 badly fragnented
Anderson 70 g 4 few nuclei ovresent
solution I 60 g 10 nuclei not complete-
1y sediment
Anderson 50 g : 4 miclei nresent but
solution III 60 g 5 me jority fragmented
70 g 10
Andeyson 80 g 4 few nuelei -« good condi
Solution II 70 & 10 nmielei present in " *
70 g 6 50% muclei ™ "o
70 g 5 miclef present " " ¥
60 g 5 mclei not ecompletely
sodinented
N.B. Where the method of preparation

yvielded nmuclel in good condition
the time of the speed of centrifu-
gation were changed until s maxi-
mum emount of DNA was found in
the fraction. The fraction wae
checked to see the state of the
nuclei under the conditions of
the sepsration.
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TABLE V
T4 esue Mediunm & Method Time & Speed Reference
L of Homogenization of Centrifugntion
Plant
Mitochondrial Isolation
Hean Tissue homogenized in 6 see. in 3,000 g 10 min. Resudreau

Hung Bean and
Pes Hypoeotyls

Pea Tissue

Cauliflower
Inflorescence

Pea Stems

Lupin Seedlinge

«1 M suecroece + ,1 ¥ notoe
sium phosphete $1 20 27C,

grind with quartz sand in
+4 M suerose + 1 M KHoPO 4
+ 1 ¥ NagHPO, pH 7.1 end
filter through cheesecloth

using
Eennedy's KC1l preparation
(JBC, 179)

homogenized in sand and
water at 0°C, pH 6.6

chilled tissue ground in
P.Fe in .2 ¥ sucrose +
«03 ¥ POg pH 7.0

grind in mortar with sand
or .5 M suerose + phosphate
buffer pH 7.0 - 7.4

Chloroplacst Isolation

RBeta Vulgaris

Algne and
Liverworts

Spinach

Tobaceco Leaves

homogenized in a Waring
blender for 3 mine. in /15
potassium phosphate at 49C,
and filtered through cheese-
cloth

homogenized in VWaring blend-
er in .5 M S for 5 min. &
filtered through nylon

homogenized in Varing blend-
er in .05 ¥ KiPO4 + 5% KC1
pH 7.0 & filtered through
maslin

homogenized in Omni mixer
in eold 17/15 phosphate buff-
er pH 7.0 in .4 ¥ sucrose

homogenized in Waring blend=-
er in .5 ¥ glucose or 0S5 M
pO4 PH 6.5 at 5%0

14,000 g 15 min,
ito

500 g 5 min.

10,000 g 15 min.
Hito

1,700 g Nueclei &
7,000 g Mito

500 g 5 min.

800 « 1,000 g
sterech & nuclei

8,000 g Mito

16,000 g Mito

3,00(\ rome 1 nin.
large granules

25,000 g 20 min.
chloroplaste

800 g starch gamiles

15,000 g 20 min.
chloroplasts

9,000 & 10 min.
20,000 g 20 min.

650 & 12 min.

whole chloronlasts

200 g 5 min.
chlnroplasts

and Femmert
{14)

Ronner and
illerd
(=22)

Davies
{51)

Laties
(98)

Price &
Thimann
(125)

Conn &
Young
(48)

Arnon

(8)

Clendenning
and GOrhﬂm’ P
{46)

Viechnae and
Ochoa
(154)

Jagendorf
& Wildmen

Granick &
Potter

(67)

Granick &
Potter

H med. Je Boﬁ



TABLE VI
Tissue Medium of Isolation Diameter of Author
Yitochondria
in
Rat liver «25 ¥ suerose «5H5 =~ .94 finpelman
and DeDuve
(6a)
" " 25 M » 241 - 86 Davideon
and Emellie
( 50)
» L isotopic saline 5 = 2 Hogeboonm
«88 M suerose 3 - .5 and Schneider
(74)
Animel tissue Be Me study of 2 = 1 Palade
fixed tissue varies with {118)
tissue
Myoberteris Ee Mo " " B = 75 iadd
(111)
Flight nuclei vhosphnte buffer 25 Williams
of Drosophile & bovine and Yatanabe
and Phormia plesma albumen {155)
» le = 7.5 Levenbrook
{100)
Peas in wmter o3« 8.0 Stafford
and Coddard
(66)
Tobaceo le~ves 4 ¥ suerose + 2 = 2 (length) Jagendorf
%/15 phosphate and Wildman
buffer {84)
Pean seedlings +4 M suerose +
+1 ¥ phosphate 5 = 2 (dia) Millerd

{105)




TABLE VII
Mierosomes
Tissue Medium of Isolation Disneter of Author
and ¥icrosome
Time of Centrifugsation F
Rat liver «25 M suerose £5,000 g 1 hr. 10-200 mu Davidson
and Smellie
{ 50)
Bat liver Adopted Hogeboom and £0=150 mu Abood and
Sehneider's technioue (8) Romanchek
(12)
Rat liver «88 ¥ suerose 100,000 g 1 hr. 100-15094 Palade and
Siekevita
(119)
Rat pancress .25 M suerose + phosphate 10 my Allfrey and
buffer. 40,000 rpm. Hirsky (95)
Rat liver +868 M suerose - 41,000 g greater than Hogeboom and
50 mu Sehneider
(73)
Rat liver o44 M sucrose at 114,500 g 33.0 mu Novikoff
177.0 mu (114)
351.0 mu
Rat liver +B8 ¥ sucrose at 137,000 g 129 mu | Slautterback
22 mu ¢ means {137)

78,7 mu




DISCUSSION

The initial separation of cell particulates by Bensley (16) and
Claude (45) using differential centrifugstion was based on the size dif-
ferences of the pesrticles which possessed specific chemiecal and enzymie
constituents.

Turther investigation of the enzymatie activity of fractions has
showvm that a number of enzymes are localized in more than one fraction
(133, 71, 125) (Table I), the percentage of the enzyme, for exampnle in
the case of alkaline phosphatase, varying with the rate of sedimentation
of the fraction (117, 114), Similar non specific localizations of enzymes
were found in the microsomal fraction by Glick (115) and Schneider (92).

The fractions initially defined as mitochondrial and microsomal
which were analyzed chemieally by Schneider and Hogeboom (128) and Swanseon
(147) were found to contain particles of different size (Table VI). Ada (1)
divided the mitochondrial fraction into large and small granules on the
basis of different chemiceal constitutions of the gramulesz.

Investigation 6t the mitochondrial fraction, using labelled Phosphorus,
ultra violet sbsorption (118) and chemicsl analysis (95) has lead to fur-
ther subdivision of the mitochondrial fraction (92, 114, 33).

Similar subdivision of the mierosomal fraction into distinet and
separate fractions has been demonstrated by Slautterback (137) and others
(33, 114) (viz Table VII).

Whether this heterogeneity of Animal mitochondrial fractions is the

result of Biochemical differences (92, 114) or of distinct classes of

26
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partieles (6a) is uneertain, although Buchner and McGurrahan (33) noted
that in rat liver tissue, cholestrol synthesis occurred in the large miero-
some fraction. The heterogeneity is also compliezted by the faet; in the
ense of the mitochondris, that mitochondris vary with the type of tissue
concerned (118), different genetiecal straine appearing to have chemically
different mitochondria (42), This has also been found in Bacteria (112).
It is unknowm whether Plant mitochondria show either biochemical or gene-
tieal differences.

Apart from the heterogeneity of the fractions, it is of interest
to consider the boundaries which separate the fraction. Vhen one consid-
ers the fraction denoted as microsomes, the separation between microsomes
and supernatent shows elearly the lack of a distinet boundary. (Table VII)
Hogeboom and Schneider (73) sedimented partieles in the microsomal fraction
down to 2 particle size of 50 my, while Novikoff's(114) minimum size of micro-
somes wne 41 mu dismeter. TRecently Allfrey =and Mirsley isolating micro-
somes in .28 M suerose included particles to a minimum of 10 mu in the
microsomal fraction. It seems likely that Novikoff's and Slautterback's
emall microsomes were included in Schneider and Hogeboom'®s supernatant,
How reliable the distinetion between particles of these sizes under the
methods of isolation can be seen from the effects of the media end centri-
fugation on the structure (Table VI - compare dismeters of mitochondris)
and enzymatic activity of the particles (70, 78).

Two methods of fractionation of cell particulates by centrifugation
are used: .

(1) Density gradient separation

(2) Differential speed separation
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(1) Holter (81) and others (109, 148) have investigated the sep-
aration of partieulates by gredients of sucrose solutions, based on the
density difference of the particulates (29),

Although this method separates the particulstes it glves only an
average range of size of particulate per fraction and does not take into
account possible osmotie changes produced by different econcentrations of
suCrose.

(2) Novikoff (114) using differential sreed separation, applying
Piekel's Equation (122) ¢o ealeulate the centrifugal forees required to
sediment particles of assumed density, found nine fractions to be present
in memmalien liver. It should be noted that separations based im Pickel's
Touation are subject to two sssumntions: (1) The partieles are sphericel.
(2) Thet the density of the rarticles is known. Kuff and Schneider (92)
gimilarly demonstrated subdivisions of their mitochondrisl fractions, and
showed clearly the different resultes obteined by the two methods. The en-
zymic distribution varied according to the method of separation. Berthet
and DeDuve (19) have recently used a new method for separation. The effi-
ciency of separation of fractions can only be Judged therefore if both the
homogeneity and the percentage receovery of enzvmatiec sctivity are consid-
ered.

The medium of isolation affects the particulates structure snd en -
zymatic activities. In considering the effects of the isolation medium
on nuclei, the importance of the preparation of enzymatieally asetive nue-
lei, is seen in the fact that Schneider and Hogeboom (78a) elaimed the

nuecleue to be enzymatically intaet, although Dounce (55) eritizes this

claim,

fince Nehrens (15) published his aqueous extraction procedure for
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nuclear isolation, a number of modifications of this method have been
uged {91). Nuclei resulting from these procedures are subject to the ex-
traction of weter soluble enzymes (78) while Tvler and LePage (151) have
eritized Dounce's modificntion of Behren’s Technique, which they elsim,
lends to distorted auclei and cytoplasms contamination. WMany isolations
of Plant particulates have been carried out in aqueous media (138, 98).

Yedia containing eitric seid (102, 56) or sucrose (78a, 57) used
for miclear isolation, extrset the protein (63, 109) and ecan not be used
for the determination of intracellular distribution of soluble enzymes
(140) . Animal nuelei have been prepared in good condition in glycerol
{129, 58) and in Wilbur end Anderson's solution,

In the isolation procedure used, it vas found that Anderson's
solution Il (specific gravity 1.031) gave plant nuclei in good condition
a8 shown by microscopic examination of methyl green pyronine stained nuclei.
Kurnick (93) has shown thet the reaction is specific for DNA,

#ith Animal mitochondria the effects of different concentrations
of sucrose.solutions (71,69) and salts (126,33) on the enzymatie activity
have been found, while in Plant mitochondria eimilar effects have been
noted (135, 125). The structure of the mitochondris is affected by the
Tonieity of the medium (74). Ae a result of this, versene (1é0) or bovine
serum albumen (125,155) have been added to the medium.

In isolating the mitochondrial fraction in Plants, it is necessary
to remove possible contamination by chloroplasts or grana., Ag shown from

Table V, the speeds of centrifugation necessary to sediment mitochondria

and grana overlep. To remove this difficulty non photosynthetic tissue

or etiolated tissue (1285) are used.


http:f.,."G.Ve

30

In the procedure adopted the isolated Plant mitochondria are staine-
ed according to Harman (68} technique in preference to Janus Creen B, al-
though Janus Green B has been widely used as n specific stair to demonstrate
the presence of mitochondria (124, 111). Bensley (17) cautions asgninst
this speeificity, while Lazarow and Cooperstein (99) showed thet sny en-
zyme system capable of redueing diphosphopyridine mucleotide and flavopro-
tein reduced Janus Creen B, It is knownmthat potassium chloride apart from
aggregating the mitochondria, inhibite enzvmatic activity (126). Towever,
in this investigation it is unknown to what extent this treatment affects
the microsomes, or chloroplasts. From the activity of the suceinic dehydro-
zenase of the isolated mitochondrial fraetion, it appears the mitochondria
isolated were enzymatically mctive.

From the heterogeneity of the fraetions, the effect of the medium
and centrifugation, the reasons for the lack of agreement in the uptake of
labelled amino acids by fractions of cell particulates is =spparent. In
view of the interdependence of cell particulates, accurate separstion of
fractions, with known concentrations of impurities, is essential.

A comparison of Plant and Animal cell particulates shows similarity
in properties. lMitoehondris in both Animals and Plants possess enzymes
of the Krebe cyele (51, 124, 131) and cytochrome oxidase (62, 127), and
will oxidise substrates of the Krebs cyele (106). Millerd (105) found that
plant mitochondrin unlike Animal mitochondria were independent of enzymes
and ATP for normal asctivity, although Stmfforﬁ'g (138) findings are cone-
trary to this. Trom the results of James and Elliott's (85) investigation
on the effects of Potassium eyanide on the respiration of mitochondria,

a seeond oxidative system mey be present. Fatty acid oxidation takes
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place in Animel mitochondrie (1%1) while in Plants, Stumpf (146) observed
that in hypocotyls of pesnuts, the microsome fraction participeted in oxi-
dation of fatty acids. Stumpf also noted that no addition of cofactors,
sueh as Cod, ATP or DNP were required. No explanation of the independence
of cofactors of plant mitochondria and microsomes has been found. Gly-
colytic enzyvmes occurring in the soluble Praction in Animal liver tissue
(131) have been claimed to be present in the nucleus of
in Plants (140).

Plant cells are complicated by photosynthesis and starch metabol-
ism. Chloroplasts, or their constituents, grans, apart from the specifie
reaction of photo reduction (72, 162) and the coupling of this with TPV,
DPN (153, 154) and nitrate reduetion (60) are cepable of synthesis of
ATP (152, 9)s The fixation of carbon dioxide takes nlsce in the chloro-
placts (7) and in other cell fractions (47), although Tschen and Vennes-
lend (149) find different methods of fixation in Plants. The aetivity of
the chloroplaste overlaps that found in Animel mitochondris. In the
mitochondrial fraction isolated no chloroplasts were found, although un-
knowvn particles were present as seen from the photographs (Figure 5). DNA
estimation and steining proved that the narticles were not of nuclear/mat-
erial.

The ineorporstion of labelled glveine by cell particulates and the
general metabolism of glyéin& has been discussed by Tyler (151) and Ars-
tein (10). Incorporstion of glveine into cvtoplasmic ENA (61) and nuelear

BiA and DNA (150) has been observed.

Tyler et nl (151) investigating the hiosvnthesis of nucleer acids
in normal 2nd tumour tissues, with P2 ong 2014 glyeine, demonstrated
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that the nuelear RHA had an higher activity than the crtoplasmic RNA in
the ratio of 6:1. Tyler and LePage observed the meximum activity of the
nucleus appeared two hours after injection of the labelled materisl.
Similar results were obtained by Davidson and Smellie and others (12,
23)s The differences in the time of maximum activity of the nucleus
probably depends on the state of the tissue and the eonditions of the
medium (52). ﬁ

Gale and Folkes (63) end Allfrey end Mirsky (5) have shown = cor-
relation existe between the rate of protein synthesis and the econcentra-
tion of the 'NA. Chantrenne (43) claimed that PNA was not the limiting
factor for the incorporation of Amino acids, while Laird (94) found that
doubling of nmuelear volume caused by an incresse of nucleonrotein, was
not associated with a change of NNA concentration. Thie wms also observ-
ed by Alfert and Bern (3) when nuclei were treated with estrogen. In
Plants, Bonner (21) was unable to note any effect of Auxins in the up-
take of laBelled smino acids., Gale (62, 64) has further shown that the
up$ake of Amino acids not only depends on the FNA concentration, but also
on the specific mucleotide fraction present. Treatment with ENase leads
to the fall off of Amino eeid (28, 159). Danielli (49) has recently dis-
cussed the relstion of RNA =nd protein synthesis.

That Plant and Animal mierosomal fractions have a high concentraw
tion of RNA, to which protein is bound (5, 59) and show the highest rate
of uptake of Amino seids (87, 159) substantiates the above finding.

Ada, in an attempt to elucidate the relationship of the cell

particulates, applied Zilversmit’'s (170) hypothetieal relationship of

precursor product to the particulste freoctions. On comparison of the
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gpecific activities of the particulate fraetions, no relationship was ap-
parent, the fractions behaving independently of each other. Allfrey =nd
Hirsky applying the precursor nroduet relstionship demonstrated & re-
lationship existed between the microsome pellat =2nd the mixed tissue
protein.

From the Figure 3, the rapid uptake shown by the supernatant
(microsome and supernatant combined) confirms previous findings, although
no relationshin between the particulates is apparent.

The Nuclear fraction shows a slow initial uptake followed by &
more rapid uptske after 2 hours, which is considersbly greater than ape-
pears from the graph, aincé only 50% of the nuelel sre isoleted in the
frections In Animal tissues, Tyler and LePsge (151) observed o similer-
ly slow initisl uptake which increased after 3 hours, while Barton (13)
found a correspondingly high muclear uptake after 3 hours.

The microsomal fraction has been shown to be assoeiated with Amino
acid uptske and protein synthesis. The role of the nueleus in protein
syntheeis, if any, is however unknown. Brachet (24) has suggested that
the nucleus is concerned in oxidative phosvhorylation, while Hogeboom
and Schneider claim it is associated with synthesis of DFi¥. It should
be noted that little agreement ie found on the emzymes actually present
(109, 11, 41, 139),

Whether the uptanke of lsbhelled glycine after two hours by the
micleayr fraction iz related to protein synthesis or mucleie ascid syn-

thesis is unknown.
In the future, the role of the mucleus might be elucidated by

the use of Driggs =2nd King's (30) nuclesr transfer technicue, using
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labelled nuclei, followed by isolation of the cytoplasmic particulates
by differentisl centrifugntion. The isolated particulztes could then
be tasted to see if any trensfer of labelled materisl had taken place.

The role of the nucleus in relation to the cell marticulstes re-

maine unexnlained,



CONCIUSTONS AND SUMMARY

A Muelenr fraction containing 50 of the total muclei of the
initial wet weight of tissue can be isolated in a pure state, using
#ilbur and Andersons' solution.

Mitochondria, isolated in Millerd's solution by Kennedy and
Lehninger's Potassium Chloride procedure, although aggregated end very-
ing in zppearance from rod-shaped to spherical sre enzymatically active.

The most repid uptake of I.C.1l4 glyeine by the nuclesr fraction,
s rapid ineresse in the rate of upteke takes place sfter 2 hours. The
reason for this incremse is unknown.

The Mitochondrial fraction chows s slower rate of uptake than
either the Supernatant or the Huclear fraction after 2 hours of incuba-
tion.

In the comparison of the uptske of Glveine by the above three
fractions, it should be noted that the Mitochondrial fraction possesses
a2 7% impurity of DNA, while the Supernatent hae & high DNA impurity of
40%. In centrifuginz the initinl homogenate, the DNA passes into the
soluble fraction, the coneentration inereasing with inereasing speed of
centrifugation.

It is interesting to note that Bean root tissue fractions show com-
parable sctivities to those of Animal cell fractions.

Ho relation between the activities of the different Flant freetions

can be seen when Zilversmits relationship is svplied,

It =anpesrs therefore thet the Micerosome/Supernatent fr-ctions in

35
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Plents are amssoclated with A.A, uptake and protein synthesis, although
the role of the Mucleus in relation to the uptake of the uptake of

AJh.e and protein synthesis ies unknown.



APPENDIX

Zilversmit et al JG.Pe 26, ps 325, 1942

Precursor A

Product B

If p = rate of conversion of A to B
(const. a ssumed)

R = amount of P present

x = amount of B present in
radioactive state

L]

£(T) Se.a. of immediste oprecursor A

Amount of rndiosctivity converted into B per unit Time is p £{T)

and smount of redionctivity lost from B is p .E, )

Therefore, rate of change of amount of radioactivity in B in the tissue

4

dx = p{f(?)—.’ﬁ
R,

at
Divide by x
/x 8
at pHIL -2
x R
Therefore plot -‘-3‘:- % against f;T) P and R consts.

A precursor producet relation if straight line obtzined.

H

a7



FIGURE 3

NUCLEAR PHOTOGRAPHS

3

Phase Contrast 40x
Wagnifieation 400x
Taken with microfilm. 5-15 sec. exnosure.



FIGUHE 4

Photographs taken with a Leies Camera sttached to a

Phase contrzst microscope with an Ibhsol attachment.

1) Photogravh of the Nueclear Praction isolated
at 70 g for € mins showing nmuclei with
meleoli.

2) Photograph of Nuclei showing the presence of
micleolus 2nd lateral depression.

% & 4) Photograchs of Nuclei showing the presence
of nuclenlus without a2 latersl devression,
which is not shovn by sllthe nuclel of the
fraction.

5) Photograph of the Nuclear fraction forming
bead like fregments csused by excessive speed
of centrifuging (100 g for 10 min.).

6) Photograpvh of the Nueclear fraction drawm out
into cigar-shavped nuclei by centrifugstion at
70 g for 15 minutes. The nuclei were not all
broken up to the same degree. Apart from the
cigar-ghaped nuclei, some fregments staining
more densely, similar to those in the previous
photogranh, are =2lso pressnt.



FIGURE 5

1} Photograph shoving the Mitochondrial fraction

2)

isolated at 2000 g for 20 minutes. Fraction
photogranhed after resuspension in Millerds solu-
tion before the enzyme activity was estimated.

Photograph showing the Mitochondrial freaction
similarily isolated and resusnended in Millerds
solution, but photogranhed affer 25 minutes of
Enzvme activity estimotion.,

Compsrison of the two photographs before asnd
after the enzvme estimation shows that the rod
shaped mitochondria deerease in number, while
the spheriec=l mitochondria increase in nunmher.
The fragments also present, are not nuclear
fragments since they did not stain with methyl
green pyronine,
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