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An underst;!lnding of t h structnr Pnd f'unctio of P l - nt nd Ani

"1'1~ 1 ce lls na t eir P$\ ticul te ~. snlu e c nstituent~ i s import·., t not 

only in th norm<Il f'unctio ing nd. , or hogenesis ( 5A} of the coll , but 1

so in the study of bnor ta lities of et· bolism nnd grm·1th roduced by rti 

ficit 1 tmd n tura l p tho _,ens . 

In the 1nvo11t.igu tion of the cell structure • sta ining techni ques 

bnsed on parti cul r met::~bolic rea ctions or on chemica l link~ ge ri t h the 

st in le ds t o inconclusive results , since t he soecificity of t he st in 

is 'mcerta in . 

The use or l i ght microscopy is limited by the c::!ize :range of the 

~rticles while t he use of hi gh magnific -tion may lead t o t he production 

of nrtif ct~ , if no ot er method of inv tig~tion is used in crmroerison . 

de ( 45) , to solve t his di ficult. , ev lo e r-t 

· ethod o r acti n~tion of t e Cell.. . rticul~tes by c ntrifug tion , fol-

lo ·:ed by chemica l nal sis of th cell n rticul~ tes . 

ince centrifug, tion .as i nitiHlly u sed to sop 1· te the cell pnrti

culates , the method has been el'-"'bora ted in order to il!lf>rove tho purit od 

tions 

neqoxyribose nuclei <! a cid 
'RNA i bose nuc oic a cid 
'l:'CA 'rri chloroa cetio a c i d 
Co C() enzyme A. 
mw I>inucleopyridine 
' .. r 'l'riph s yr1dine nucla tide Coil 

P ·l Di " " Coi 
HN::~ c abo:nucler>se 
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enzj.rmatic activity of the isol ted f'r ctions . Thi s met hod used in con

junction d t h isotopicall y 1 belled t:~.teria l , such a s l abelled Amino J\ cids 

or Phosphorus , enables one to investigate the a ctivity of t he cell )nrti

cul tes nd t heir interd.ependenee in cellular aotivi t y . 

The uptake of l abelled amino ci ds by ce 1 l'lrticula tes isolnted 

by differentia l centrifuga tion in Pl ant and AnimAl ti sues vrtries with 

t he amino oid used ( 38 , 37 , 39) , and vnth the tissue ( 40) . 

The univers 1 presence of Cl'l 1 r ticuletes ns recently been de

monstr t ed . :Ut ochondri< first discovered by Al t mann ( ) in 1800 , have 

been sho'·m t o be presont , ot only in Vertebrate ( 74 , 120) and in Inverte

b te cells (100) ut lso in acteriP. by the use of straining techniques 

{106 , 167 , 111) and the s tudy of' the enzymatic activity of the bacteria l 

rticulates (24 , 108 , 142) . 

The distinction betveen chloropl ast s and mitoc ondria in Pl ant 

ti ssues not ed by Gaston Bonner in 1920 has been confirmed using the tech

nique of differenti 1 centrifugation . 

St afford (138) and other ork rs (66 , 84) hove been b1e to separate 

r>articulnte fractions hich hnve enzyn.-, tic aet!vHies simil r to t hose 

f nd in Animal mi tochondri • The oxidation of iYruvic :1cid and ot her 

E'Ubstrfl t es of the Krebs cycle (85 , 97, 14 , 96) nd the oxidative phosph'lry

l a tion (98 , 2,) ~ o by the isolAted fractions , bstnnti~te t he pres

ence o mi tochondria in Plonts , Alth ugh t heir si za di f rs from tho.e of 

Aninml mit c ondriA ns can be sen in t~ble VI . 

Th · activit i es of P1-nt itochondri a hAve been recently discussed 

by ~illerd ond Bonner ( 10?) nd by -oddard and St affor< ( 66) . 

Ucr osomes re pre~ent. in ammalian cells ( 137 , 50) and have been 
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reported in P1nnt ti ssues (101 , 66 , 157); but it is unknom whether t1ey 

.r e · resent in Facteri • 

In Animnl tissues labelled Anino acids are incorp rate~ in to 

both the · itochondri 1 nnd micros mal fractions (1 , 134, 89 , 88) , the l a t 

ter having the fr~ster r t fl of uptAke ( 5) . In Pl ants , lobster's ( 157) in

14vestig_tion of the u t ke of c glutamate by Re n hy ocotyls subst antia t 

ed t 1is finding . 

T!owever , the , te of uptake Vf! ri es v hether t ne particul tes re in

cuba ted PS tissue slices ( 36) , homo··eoo.tes { 164 , 165 , 39) or i solated p r

ticu1ate fractions (159) ·with tho labelled amino acid . 

'l'he interdependence of the cell particula tes h s been shown in oxi

da tive reactions • urea synthesis ( 131} , g lycolysis { 130) • in r a t ( 145) and 

drug (31) met bolism. I f the Pl ant part1c 11Ates Rre not mainta ined in a 

condi tion simibr to t hat found in vi.vo , the uptake of M s by fr .ctions 

ny not correspo d e'lther in (Ji<'ltrib ttion or amount to toot of t e origiool 

ti ssue . In th study of the untnke And bre do m f phosphorus , Potter 

( 1~3 } found bot t> t h nuclear l'lnc •itoeho . dri 1 fractions esc nt .ial for 

,- xi~Jn p o • . horus bre kd wn: e i xt 1re of nuclei to mitochondria in 

r a tio of 1:1 h vine an o i dat i ve ctivity e unl t o twice that of the mito

chondri!~ a lone . Further Johnson nnd Ac.kerrmm ( 86) noted that the nuclear 

fr£ction 1'\dded to the mitochondri 1 fr ction. incre sed the oxid tiv ohos

nhoryla tion by ?.80% and increa sed the amount of phosphate fixed by 200% 

or thnt of the 1solqte mitoebondrin . Stern 1m s recently ( 139) confirmed 

Jo n"'on nd Ac1<:el'm'! n• findinr;. in vitro • but not in vivo . ,,iel.··evit z ( 135) 

noted t hl"' t A f 11 of f of the r~te of hos hor~rl,..tion occurr ed unless 



f etor present in the supernat ant "~' s added t o the mitochondria l and micro

somal fra ctions . Siekevitz :further found t b t the mitochondria l fraction 

free of microsomes did not incorporate l abelled amino acids , a lthough Bor

sook ( 39 found t he mitochondria isolot ed at 10 ,000 g er e cnnabl e o incor

pora ting amino acids (160} . l)l ant mi tochondrifl i sol t ed t 10 ,o 0 g a e 

cap bl e of i ncorporat i ng .. mino cids n.d. c~. n synthesize peptide bonds ( 161 , 

158} . Vebs t er found i n thi s c~se th, t t he micros e fr ction minus the 

mitochondrial fraction 1'il8S unab le t o taka up gluta ic acid . Keller ( 8A) 

note th!!! t i nc r por tion of nmi no eid required t .. e microsomal f r a ction 

t ogether wit• ~ heat l abile non c in l y S8'bl e co rponent of t he s l ub l e fra.c

t ion . 

In view of t he f aster te of upt ake of l abel led ami no a cids by the 

micros me fraction and t he high concentration of RNA in t hi s fra ction in 

Anim 1 ( 114 , '75) and Pl ant (138) tissue s a nd t he relationshi p of liA. and 

protein synthesis in Anima l ( 5 , 80), l ant ( 158 , 59), and in Bacteria l 

cells ( 62 , 64) t he p rticipation of the nucleus in either amino acid .incor

poration or nrotein synthesis has been questioned • I t is unkno m <Jhether 

t he u-pt Rke and incorpor tion i s s0~ely dependent on the cytoplasmic arti

culot es or directly de endent (103) or indirectly dependent (28 , 26 ) on 

t he nucleus . Even t e r l Rtionsh i p bet een NA C'~ncentra tion. nd nrotein 

synt hesis hqs ben qu tined by okin (?9) , ChAntrenne ( 43) , and Laird ( 94) . 

In previous i nvestigations the nuclear f r action ha e i t her not be ~n 

cons i dered ( 88} i n r e l a tion to M upt k:e or has bee n f01md t o h ve a lov1 

r teo upt ake of a ino cids ( 4) in comp rison with other fr ctions ( 83) . 

The isol tion of Pl ant nuclei differs from t lw t of Animal nuclei in 
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thn.t media , such ci ric . ctd ( 5!5 or sucrose solutions (77 , 109} use 

for J\.ni 111t"ll nucleAr tsolt~tion do not reserve t he structur o:f the ' lant 

nucl us. 

1 nt nuclei htw b le isol -te, by . r-o~ (3<>) by , •indi g in ben

2-en , c rbon tetraehlor1 i g eotion , w 1 e 'eier 

a 1d vtockin , ( 156) ~nd other (8 , 104) have pre red nuclear f~ ctions of 

which neither the rurity of. t he f i e etion nor the integrity is k n Ot'Jih VJe i er 

and St eking reporteu their :nuclei 'ier e not of uniform structure . 

{1) An tnvestig tion · s ther fore underta ~en fir tly to . isol te 

'1 structura ll tnt ct Pl ant m.tclear f ct1on by centrifugation in n suit-

a lo mediun, and s condly to dis cover 1 ether t is nuclear f ction howed 

1ny upt ake o · 1 be 1 d. g lycine cl4 an if so 1 to compare 1ts te of upt ke 

with t , t of isol, ted mttoc ondria l . nd rn1 ernatant f ractions over >criod 

of t ime. The accur nc of t he estil'lqtio of the d.istr1.bution of ol4 in the 

l'(-1Cti ns · .. s iner . s .d by the use of o vibr tine; reed o ectro eter inste d 

o . n end windo ei .er counter ( 160) . F rt 1er by a p y i _, Z.ilversmi t .s 

t heoroticnl product precursor relfl tionship (1?0} to ascertAin if there is 

any i nterdopende ce of the porticul tes in AA upt ke . 



EXP · I .mNTI\L 

Pencil Pod '';/fiX Beans w·ere sterilized i n a '7','~ c·1lcium b.ydrochlor

ite solution for h~lf An hour And t hen soaked in running water for 18 hour s . 

The Berms t"ifere nl f1CA(} on moist f ilter i>tn>er in t r ays for ne to t wo doys . 

Foot tissue wa s selected v. hen t he root vms 1. 5 ems in length, t he first 

cen-timetre being used, for incubat i on . 

( 1) Nuclear isol.· tion 

No attempt hos been reported on the re ar a tion of pure Pl ant nuclei 

consequent ly t he isolation of Nuclei from Bean root s were i nveAt i ge t ed under 

v. ry1ng conditions . The follmr i ng media for i solr. t ion were tried . 

0 . 25 ' sucrose 

0 . 25 ll II + 0 . 0018 .if CB012 ( 78t::t) 

0 . 45 M + hos)hate buffer ( 1 58} " 
0 . 50 (f " + 0 .001 0 ( 03}2 { 156) 

no. 50 ~.1 


85 ~nd ~5·; e lyeerol ( 58) 


A.nclerson• s Solution I , II and III ( 163) 


Tnble IV sho s the results of varying t ho conditions of t sol ntion 

on the st nte of t he nucleus . The medi A such • s . 5 .t sucro::;e or . 45 t.: 

sucrose + oalohun n1trot a or . 45 M sucrose + phos hAte buffer f'a11 to pre

serve the nuclei 1nt£~ ot . 

Centrifuging t he Pl~nt nuclei <rt s eeds compurnble t o t hose "'hich 

sediment /\ ni m· l nuclei ( t , ble II) cause frngmentl." tiOn of Pl ant nucl e i ( photo 6) . 

6 
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'l'he inal roce .ure ndont ·.d vm s ns follo •;s: 

T e Benn r t tissue ·..- s 1 mo ;enized in ~ py ex gl::. ss homor;onizer 

siTltilar to tha t cd by .Potter 'lnd TUvehjem ( 124) , for 15 seconds ~ t oOC 

i n 4 c . c . of .'ilbur end Anderson Solution II . · .n each ca se , 0 . 18 gms !let 

weight of Bean r ot tissue \'Jere used . 'Pho homogenate a s 1'1ltered through 

six layers of Bolt ins silk (no. 20) in Bu ehner filter pu..'·rtp . Tho hoMo

genizer v. s ·ashed 1ith 5 cc of solution en t he 1tl.shings f'ilt r ed and 

ad.ded to the homogenate . The homogennt e t#l s t hen oentri:f'Uged a t 70 g 

( 600 rpm) or six minut s And t he supernat ant ·1 thdr~wn by G microsyr1nge 

w ten the nucle~r were ' spun' do 'l • rooedure was ce.rried out in 

a cold r oom. a t temper . t ure belo 

'Microscopic exl"min~tion 

f- ,enr re) l"f't i on~ of t . A nuclePr fr"~ ctinn rare " loved t o ry ov r -

night And ·:er·e then st 0i ed ..1 t h methyl {;r ,n o ronine s ollow'"l: 

15 mi nut es i n Jet y l . eon ro i ne nt 63°C. 

6 hours i n tertAry butyl a lcohol ( t wo changes) 

1 ninute in Acetone 

ount in C n de e lsam 

DNA estimri tion 

T e mount of D i n the nucla r f raction , to e t her \n t h th t of the 

tot 1 filtered homogena te s estimated ith . ecknmnn quartz spectro, boto

met er (144 , 53) . 

2 . 3 1 of ice col TCA ne ~dd to t h nucler~r fr• ct1.on . nd the 

lhole llo~ d t o sttmd for t wo 1 urs. The mi xture ms cen rifugod ~ t 

1000 g for 10 minute Pnd t e supern t nnt ithdr wn . 0 . 05 cc of 5 c rsteine 
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hydr .chloride t og ther with 5 cc of 70'~ I 2'-' nd the mixture 

. llo 'led t o .,t, nd for 1 minute. a t 25°c . The bsor ption a t 490 nru ~ s 

noted· s % tr nsmission of the s lution , a .ter the spectrophotometer h d 

100'11been correct ed .11th ~ c nt rol t o read t ransmis .ion d. t h t he t'l erture 

of t e slit 0 . 02 . T e conce tr tion of t he D eorrennondin t o the ot. 

trnnSM.i~sion was cvlcula ted f Oill. a Rtand . r d curve . lotted f or known con

centr? tions f D,t 1'\g i ns t 4 t r :- smi ssion nt 5°C (fig . 1) • JUJ. estim, 

tions of m concentr~=~tion ~ere c rried out t .5°C , since the rea ction 

d~pends on the tern eratwre . Eetim~tions oi' tot 1 D" in th iltered homo

gem- te •rere l'!lfl< e by centri , i nF! t he homogeMte t 20 0 g for 1 5 minutes 

t·n t h the ddi tion of 5 cc of TCA . n" t he the urocedure followi ng ~·~s r.J.S 

r> bove . 

It v~~t' found nece ear .v t dilute t he tota l homogem te <>fter treA. t 

rnent ·nth cysteine hydrochloride 8nd sul nhuric acid after 10 minute. by 

50'1, And then estim t e the DN oonoent tion , s ine linea r rel~ tionship 

bett<Jeen m1A coneentr, tion na, '"', trr;nsmi s sion exists over 25 - 550 c;rns . 

DNA concontrr tion. 

SimilRr D estim, tions of the Nucla r fraction •;ere 17'nde using 

, ille ' s s l ut ion ( 105) • 

Nuclear 

esult s 

sconic 

!lfet 1 green pyroxine st i ned uclei " hen vie ·ed under t he phese 

contrnst microscope sho red the uclei isol ted. et 70 g for 6 minutes in 

11 nderson II solution to be in good eondi t i on, the nucleoli being clearly 

http:Rtand.rd
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++-1--H-++-t-f-+-H-+++-1-++-H-+++- - +H--H-H-\-++-1-HI- t-++-t-i--ii-H-H--i-n----t 
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visible ( 2) . The nucleus . o·s c'iC)pr s.ion on on s1o , f t ;hich 

may be rel~t d to A di er nee in stt~oture o the nucl · r m mbT ne in 

t~.t are • The ucleoli r still n t i d ression is re

. e t . n r.ol'tfreter' s criterion tru t t e nucleolus i r pres.. nt nly in 

::m int ct c , 11 , th , deure si n m y ot be c rrelo ted •.vi t h nny significant 

oh.."'lnge in t e nucleus . Gentr · fue;ing out the nuclei ot higher speeds or at 

lower sp eds or longer eriods of time lea s t the o tion o ci gr.~r 

shn~cd nuclei , disruptio ~nd ·r ,. t ion of bea likn f r ngments (phot oo 5 , 

6) . 

HAn e of PesultsDNA W. s t i tnations 

verP.ge of 7 runs) 

Nuclear r action 
in A.nder n II 55. 81 55. 5 - 57 . 5 

'l'otal homogen. te diluted by 50'::> 
in 
a. } Pnderson II solution 54 . 30 52 - 57 .o 
b) Ullerd solution 55 . 03 51.11 - 57 .o 

The nucle r fraction sho ed no a ctivity of succinic ehydrogenAse 

(54) . It should be noted t .t the DHA bPs been shom to be present in the 

eyto lAsm ( 169, 44) ; Schneider {'78a as estimated t i s to be Annro imAte

ly 7~ of the t ot?l n ~ i n the ce 1 . 

rom the est imA·t i ons of DNA , tho nucle r f rnction co t ins 50,'r, of 

the tota l cell DNA . 

Mitochondria l i s ola tion 

fitoc ondrin f r m DeAn r oot ' ere isol t ed ns follo s : 

B, n root ti s sue ·tt s homogeni ze i n 4 ec of Ullerd ' s s lution ( 105) 

( . 4 sucros + . 1 f 'P os lm.te buffer) for 15 seconds a t o<>c. I n ench 
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case 0 . 18 gms \'at 'eight of Bean r ot t issue <-ere used . The 1omogonnte 

s filter a thr ueh 6 l.n ers of olting si. lk (no . 20) in a uohner filter 

ump . The homogenizer \fflA '1: she with 5 oe . of solution nd t his filtered 

nd a dod to the ho ogen te . The homogenAte '' s then spun at 1 , 600 e 

(~ , 900 r m) for ~0 mi nutes to sediment debris nd nucla r rnateri 1 . The 

su ernatAnt · ? or 1m O · f ~th a micro. ringe snd oi ettad into ~0 cc • 

tube i ice . ter . . 1~ of ; of • 5 u !\Cl ( 0 , BS odc'led to t e super

nP..tant A d a llov;ed to st!i3nd for 15 minutes . It '~S then c ntrifuge t 

2000 g (51} for ~-o rni nut s to sedi ent th itocho 1dria. ·1hich 1'1g£_;l'ee:_.-n te 

under pot assium chloride tr " tma t . The super natant ms drn·wn off nd re

t ained , while the mitochondri ~:ere resuspended in 1 co of t. illerd • lu

tion . The procedure ' carried out in n cold room at 5°C . 

0. e rs of the suspension ~ere rep~rec and stn!ne by Ho n's 

met on (68) and o unte t~ inod rt th s~fr nino . 

P:rocedu e 

S i des i n .1.1'1. solution of F .G. li' . in 1~ 

/1 ili ter )3°0 , nn .. llo .d t cool for 8 mi nut s 

til ed ·. t r 

10 mi nutes in • turnte ~ lution o Picric cid 

' inee di stilled nr-~ ter 

2 minutes in n solution o 1: aq . phosphomolybdic ncid 

Ilinse disti lled 7nter 

10 seconds in s r nnin 0 in 50;; lcohol 

2 mt nut • in 70~ nlcoh l 
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l mi nute in 90 'CI a lcohol 

1 minute in bsolute olcoh 1 

2 mi utes in c thflnol/ ·x ylenc 1:1 

2 minutes in xylene 

Haunt in ClArita 

Mitoehondri~l sme~r~ e olso st ined rlth met~yl gr een pyronine 

t <> check for DJ i mnuri ty . 

T e nZ7 tic PCtivit.r of the itoehondrin ,,, s esti.m1c1 t ed by t he 

a ctiv'ty of succinic <lehyt'lro.::;enRse by a Beckmann s cctronhoto:meter (1::?,6) . 

In e ch x eriment the initi 1 wet t eight o:f Bet:~n root tissue ~s 1 . 5 gms , 

hich was t r , ted o s above . To n BeckmRnn cell containing t he follo~ 'ng 

rer ctnnts: 

o. :; ml. of ~ Ol M Pot~ssium cy nide 

0 . 5 ml . of . 001 M PotAosium ferricy" nide 

0 . 2 ml . of • , 1 .Sodium succin, t el • • • t~s oddecl . 2 ml . 

of the mitochondri ~ l susp nst on . 

The volune of t he ce11 • "L· s ade up to 3 co · i th phosph~te buft'er 

PT ? • f' . A contr ol m. run inus the Mitochondrir>l :::-uspension . The vol ume 

bein 7 m"\de u to 3 cc lith isti l ed vPt r . The change in t he activity 

of the succinic d.ehydroge -a se as , tT""-msrni ssi on nt llQr) mu "l t ~5 C. over 

~" peri od f h:;; lf n h ur ·~ c . re corded (fi&u e II ). 

D'JA impu~J.tz of mi tochondri 1 f r a ction 

'l'o estim te the n••J\ impurity of t he ' itochondria l f'rnct ion 2 . 5 cc 

of ice col d l ()j' TCA s added to both the ni tochond.ri 1 ' d super l.."'' t f nt 

http:tochond.ri
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frnettons end o llowed to st nd for 2 hour. • The suspensi ons vrere then ro

centri:t'uged , t ~000 g for 20 mi nute • The D were then est imated os deo

cribed for t e DNA estim: tion for the nuole€\r fra ction . 

PF-SUL'T'S 

The mitochondria l ~near , st ined ccordi g t o H1:1 n , vie d under 

pru se c ~ntr~ st micr Reo sho ,~d the mitochondri~ t be present in ag

- egAted form • Th mitoeh .n ri~ un er this trent ant beco e r . i dl y 

soheri cnl . If th mitocho dria xa incd immeoiAtel• a ter sep- ration 

a t ~roo g for 20 mi ut ,s , the mitochrmdria appear ro like ( hotograph I) , 

but hen examined after 25 minut sat 200C , they appear to be spl ric 1 

nd furt her aggregated ( photogrnph 2) . The presence of unkno m particles 

( photogr phs 1 and 2) t present C · n not be i dentified since it i s un

knotm t o qh t extent th pot assium chloride trea tment affect s the ot her 

cyt opl asmic narticles • . tov. ever . t~~t tho mitoc ondri~ isol: t od are enz,r

JW'l tic 11 · ctive , is sho m from. t he sranh of tho activity of the succinic 

dehydrogenase {fig . 2) . It c n be seen from the e mh t hl\t the result s 

of the four experiment s shm that the fractions hAvo c m r3ble , ctivitios , 

nlthough it i not lmovm v y identica 1 initi 1 .,reights of R n tiosue show 

di fferent qul'lntitPtive ctivi t ies . In the first curve (!) , the temper ture 

of t h mitoc ont rie l r ction · s . lowed to rise from o0c to •.. 5°C • durin· 

th~ measurement of t e succinic dehyoroge~~se ctivity . If t he sodimented 

m1tochondr1 are resu"'pended in i lle:rd s lution At 25°C , the ctivity shoTJ s 

n line. r incre~ se over the t~e or the investigation . The mitochondri 1 

frnction ossess a 1 i mpurity of DNA , as s own from t Abl e 8 , ' hich occurs 

in solution s i nce it does not sto in visibly <ith methyl cr en ronine . It 
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1ms found thRt i ncre .sing the speed of ce t rifugrtion from 1 , 500 g to 

1 , 600 g , a 10'~ decre<>se of DNA in th mitochondrial ction resulted , 

althou~~ the su ernat nt fraction increase in D~~ conce. t . tion by 1~'· 

To wha t extent th tr atment '·.rith ota.ssi um chloricle a ffects other 

cyt opl smic porticl s i s unknown . 

tfo I ~PtJRITIE8 0 IAT~ AND SUPF NI\TfiNT l!"PACTI NS 

Hitochondri . l DNA Inreurity ~ Tr 'lnsmi ssion td. Impur1ty No. 
Ti'r 11 ct1on s verAge or - range ·of of fraction of 

isol ted l'lt v lues vAlues runs 
? ,000 g 

after i nitial 
frA ction iso (A - 85) ( 5) 
At 1 , 500 g 

after initL 1 
fraction i so ~ted 93 . 1 ( 94 - 94) 7'; ( 4} 
a t 1 , 600 g 

~ upernat nt 
(2 ,ooo g ) 

after init ial 

f raction i sol ted 69 . 5 { 66 - 75. 5) 31% ( 3) 

A t 1 1500 (:!; 


f.ter initial 
fraction isolated 59 . 8 {57 - 63 . 5) ( 3) 

IncubAt i on of . ctions \'ith; rol4 glyci.E..e 

In erim nt O. l R gms · t weight of Tie n ti ssue . . secti oned 

at 30 1 to . 6 ce f . 05 ~, ot.. ssi um p osnh~ tc a t PH 6 •5 t 2500 ( 158}. 

T r ce dr ps of c1 cine ( . 1 me i n 8 . ? mg of glycine in 1 cc o distilled 

v. ter) we:re dded and the ;;·;hole incubated f v rying periods of time . 
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iuclear Incu~~ 

T e '!Odium ,.__ •thdra 111th ~ nicrosyrin -re nd t he slices • shed 

t · ce th ''i lbu e , nderson ol tton II . The slices ere t hen homo

cen z d . etc ., ~ i n t h p oce u or t uelaar isolntion . e ucl.or 

s i ment was e:usn .nded i n 3 cc o t nder oon s lution t r"nsf(:3 rt'E to a 

~5 o.e . conbus io l n k , n t susnens i n no t o t d~ as on 

te b th. 

U t ochondrit_l Incubotion 

A similar orocedure of \li':'• sbing t he s Ue s with ' iller ' s so ution , 

follo~d by he mitochondria l isolntion method describ d , vas adopted . 

T 10 combustion cont int either the nucla r or mitoc ondriol 

dry sediment ·as fitted t o 1 V&. CUU!'l line t ug1 TJ ioh car on dioxide ·J:<J. IJ 

flush d . \e ionization o iber r- , e cunt d and flushed t ·nee th car 

bon ioxi eo T1e fi evacw tio to pre sur o . 1 too' 15 1 ut -a . 

e c fPlber 'if\ S t sf'er • nnd c14 collected in t h ct r.1b r ccorcUn to 

Ur:t' ( 3 ) . 

The ionization c 1, ber ,, s t rn 1s -c ed to e i broti eed o eetro

met r ; Under . Potanti . 1 di f 300 v lt , tho num er of disintaara

tions i s sm: · d ond t ho time f' t h • oen of tl e pointer f rom zet ·o to 1 

millivolt noted (raadi . s sot a t l / 100 volt) . 

r esults 

Counts 1e o carried out on ..• b~c ound 
b) nuc l r ond nt fractions 
c fraction t 1 , 6 0 g 
d oction t ~ ~000 c 

se' i~ented 
sedimonted 
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and plotted on gr Rph of the tir:te of s•reep A.g inst the time of incuba

tion . Backgr ound e unt t aken i nitinlly to check th ionization chamber 

·pns 36 . 20 inutes for one s ·;eep . 

It c. n be soon fr m igure 3 th t t e mitochondrial fraction has 

the slowest upt ke . 'l'here is r pid uptake by the supernatant (microsomes 

and supernat nt) in the first 2 hours "t hich increases linearly . It is of 

int erest that the nuclei are initially s lo ·r in u t ake f or the fi r st t vm 

hours And t hen rapidly increase . The rate of uptake being c mparable to 

that of the supern~t nt fraction . Unfort unately more 1 belled glycine 

was not avail ble t o en.able furt her 1nvest i g tion of t he upt ke of nuclear 

f~ction aft r ~~ hours . 
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Ti s sue ffedium & Met od Time . Speed of 
of Homogenization Centrifugat ion 

Animal ti ssue 
Mitochondria l and licrosomal 

Mouse liver 	 homogenize in P. E. 
20 sec . i n 2 cc of 
•1 NaOH/litre 	of 
•85Jt N 	Cl 

Rat liver 	 homogenized i n . :E: . 
i n . 25 M sucrose 

Heart nruscle 	 homogenized for 75 
sec . i n . 28 H suc 
rose + 8 ml of . 04 
M NaHC03pH 7•0 and 
fi l tered t 1rough 
gau7-e 

Rat liver 	 homogenized in . 25 
M or . 88 M sucrose 
p ssed through hy po
dern11c needle at 0°C. 

Pi geon 	 homogenized in g lass 
h mogenizer in 
(Tri s KCl) medi um 

R t 11 er 	 homogenized i n P.E. 
in . 88 sucrose 
for 2 . 3 mi n . t o0c. 

R t liver 	 homogenized pulled 
t hrough steel 
in . 25 M sucrose 
and homogenized i n 

'r actions 

1 , 400 g Nuclear 
4 min• 

23 ,000 g .Uto • 
5 min . 

23 ,000 	g 1t ic . 
90 min . 

800 g uclear 
10 mi n . 

5 ,000 g ito . 
10 mi n . 

110 ,000 g ic . 
25 mi n . 

150 g Nuclear 
10 i n . 

, 700 g Mito . 
20 mi n . 
(T t al) 

700 g Nuclear 
20 min . 

5000 g Mito . 
20 . in . 

148 ,000 g ic . 
30 min . 

etc (d t a 0 . 25 
~ sucrose) 

600 g ,fuclenr 
5 in . 

,ooo g ~ ito . 
30 min . 

211 g NuclMr 
10 mi • 

114 , 500 g Mic . 
69 mi n . 

Centrifuged a s 
inJ.B.C. 183 
but mito spun 
with densi t y 
grndient 2 . 22 
6 . 36 Ms . a. t 

108 ,000 g 


Reference fethod Used 
to 

I nvestigate 

Omaehie et 
a l ( 115) 

Stri ttrmther 
Ba ll {14~ 

Har man & 
' ei ge l son 

{ 69) 

Hogeboom & 
Schneider 
( '76) 

erry { 121) 

Noviko 	f 
( 11 ) 

Kuff n.nd 

Cl ehnei der 

( 92) 

Enzyme 
estimation 

Enzyme 
di stribut1on 

Prepar 	 tion 
of enzym.."'l tic 
active 	mite
chondri 

Enzymic 
distribution 

Bio roper tiea 
of mitochond
ria. 

iPr actionation 
of cell rti 
cula tes 

Enzyme distri 
bution in 
fractions of 
mitochondria 



TARLE II 

Tissue tedium & ethod 
of llomottenizatio 

ni mnl tissue 

tJucle~r l sol. t i on 


T' l'l t liver omo ,eni zed i . ::'5'.( 
sucrose At 0 C. 

B t liver 	 homo:enized in ·~ving 
blonder in ice ~ter 
rmd then . 1 r citric 
,cid oT 6 - iltered 
t rough ch e~ clot 

He t liver 	 homage 1ized in Ba ll 
type homogeni zer in 
. 44 t sucrose pR 
6 . 0 ... 6 . 2 

a t liver homogenized in. Potter 
•lv hjen homogenizer . 
2 .nin . 1 n • 5 11 r- +· 
. 0018 ' CaC12 & ith 
•94 .{ sucrose + 
. 00018 g CaC12 

fi t liver ho1::1orent z,d 11th h nd 
h og,ni zer in sucrose 
icArbonflte solution 

~ d l f:lyert.ng ethon 

4ro· l ised f o?l .n nn ~ dry 
oov · r . uspen.ded in 

t oleum et her 

l~at liver 	 frozen liver in 70~ 
glycerol , washed , 
stni ted and homo en
ized t hi gh speed 

h; t ond homo .enized in Potter 
llflbbit :lvehjen h mogenizer 

iver 	 i n ?5~ gl yc rol nt 4oc 
P~nd filter d t r ug 
4 l~yers of ohee .clot 

rehom g ni?.o 1 9~ 
glycerol 

30 g Nuclear 
7 rni.n . 

J.9!"lS t 	)J'> 6(10 e 

2 ,000 	r pm 
N. 	 0 min . 

t t 1 

l175 g 8 min . 
initial speed 

tc. 

Cf trifuge . 
seu rnte using 
cyclourop ne 
cnrbon te r 
cllo i e mixture 

900 	 N\lcle 
10 in . 

20 

e erence Comment 

Johnson & 
Ac'k rma n 

Dounce 
A. . JYASSo 
( 5<'1) 

Dounce 
<u7) 

l ogeboom &. 
, chneider 
(?Sa) 

W.ilbur & 
Anderson 
( 163 ) 

·,~ irsly 

( 10 9) 

Schneider 
( 129) 

Dullrun 
( 5A) 

of nucleus 
in cell 

· uclear 
isol tion 

" 

II 

., 

tluclei 
good 
cond ition 

--·----- - -- 

http:f:lyert.ng
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T I.E III 


Ti s flue i~edi.um. &. r~ethod 'l' i me 'r Cpeed or Reference Comment 
_ _____...;o.;;:r_n...;.o.;...m?geni__!l 't ion ·----C....;..e.:..n...,tr~i::..;;.:l;.:l-a'-t....i....o;.;;n,;,.......___ 

Pl "'nt 
Nucle·· r isolAtion 

Fye e11bryo Grind in raill &. E:~pin :') brs . t 50C . Rrovm "' t ate of 
&. root in benzene , carbon ( 32) nucleus 
tips tc~trachlori.de mix unkno·m 

ture or )eptic di~ 


gesti n or rt')ot tips 

for 3 hrs . t 5 c. 

grind :o> nd filter 


'fob ceo 	 J.e, ves ound in 76 - 60 g J genclorf' St nte of 
J.erlves 	 cold tl/15 nhosnhate M i Ments nuclei &: u ildman nucleus 


buffer oH 7. 0 i n ( R4) unknovm 

. 4 ~1 sucrose 


TobAcco 	 homogenized in 60 g ~0 min . '.1cC lendon I mnure 
le.. ves 	 " ~ring lender f or green s d iment s par i=l t ion 

3 seconds in /2 conta ini ng uc l ei (10 ) o ucleus 
suer se + .01 • 
phoso ~te bu fer .- o,o o g 20 min . 

a t 0 C. fr ent chloro
l~st 

http:tc~trachlori.de
http:i~edi.um
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TA t: IV 

'11.ed1u.."ll S eed of Time of 
Centrifugr> tion CentrifugA tion Comments 

in minutes,__-....;::.;_• 

0 . 5 -~ sucrose ?00 g 5 nucleus fr~ements 
30g 15 forming be· d like 

rr~gments 

nuclei fr gmented 

. 45' sucrose OOg 3 nucl 1 f'r•gme ted 
in p o h:lte 65 B 5 nuclei fra~~ented 
buffer »O g 5 encl not connlete 

sedim nted 

o. 5 r sucros ?0 g 8 nuclei t'ragmented 
in 0 . 001 lJf 50g 6 nuclei not comnlete
c~ lcium nitrate l y sedimente 

0 . 25	 . sucrose ?0 g 4 nucl 1 gr~nular & 
g 10 badly ~rngmanted 

Anderson ?0 g f'ev nuclei nresent 
sol ut1or1 I 60 g 10 nuclei not c m:t:>lete

l y sediment 

nder<lon 50g ? nuclei n •esent but 
solution III 60 g 5 m2 jority frngmented 

70 g 10 

'mders n cO 	 g 4 fe n. clei - g od c n 1 
lution II 	 70 g 10 nuclei present in " " 

? r. 6 ~ nuc1 i ' " ' " 
70 g 5 :uclei resent " •· " 
60 g 5 nuclei not completely 

sedimented 

•.n. Jhere the met od of nreu:'lrution 
yielded nuc lei i n good condition 
the time of t e speed of centrifu
g. tion .ere changed until o maxi 
nrum rnount of m;A. v~, found in 
the fraction . 'l'he fra ction vas 
cl acked t o see th s t nte of t he 
nuclei under t he cond.i tlons of 
t he sep!:lr tion . 



n "1 0r.t 

23 

TJ\ L"E V 

Tissue .Tedium ' et ho Reference 
of f o 1oeenizetion 

Pl nt 
.itochondrial Isolati n 

B an Tissue 	 homogenized in 6 sec . in 
. 1 1 sucrof' t . 1 t• not .,_ 
sium phoen Pte ri '7.0 '? C. 

. •Ung Bean nd 	 grind wit h quartz nd in 
Pee 1ynocotyls 	 • 4 ' m c:r ~ , + . 1 ;f t~O4 

+ . 1 ,. N HPO ,j • H ? . 1 Pnd 
filter t r ough cheesecloth 

Pea '!' i ssue 	 u~ing 

r.e nedy ' KCl pr e ar ation 
(JBC , 179 ) 

Caul!flo•;er 	 h mogeni zed in s nd nd 
Infloresc nco 	 mt er t 0°C . p 6. 6 

Pea Stene 	 chilled tissue ound in 
P. E. in . 2 M sucros + 

. 03 . POg p 7 . 0 

Lupin Seodling 	 grind in morttr ~rlth sv d 
or •5 U sueroP.e + phosnh t 
bu fer 'PR 7 . - 7 . 4 

C loroplast .sol a tion 

t A VulgAris 	 h mogenized i 1 ring 
blender or 3 ~in~ . in ./ 15 
pota c:siu _ho phate t 40C . 
and filt red t~r ug ch ese 
cl t 

1&-le nnd homogenized i n laring b l n -
Livor ·ort s er in . 5 s or 5 min . 

filtered t hr ough nyl on 

s inach omog-,nized 1 a ring bl nd
er i n . 05 •. KHPO + . 5; ~ 1 
p t ? .o & filter d through 
r.msli.n 

Tobncco Le ves omoganized i Omni ixer 
in col d t"/15 p osphato buff
er p!1 ? . 0 in . 4 ~ sucrose 

" 	 homogonizecl in f ring lend
er in • 5 ' glucose or .05 H 
P04 r 6 . 5 ~t 5't. 

3 ,000 10 ll'li n . 
" ,00 .., 15 mi n . 

' ito 

500 g 5 min . 
1. 	,000 g 1 - mi • 

;uto 

l, , 700 g Nuclei &~ 

7 ,000 g Mito 

500 e 5 . i n . 

500 - 1 ,000 € 
s t f! rch nuclei 
13 ,000 g ' ito 

16 ,ooo g ' U t o 

3 , 00<' :r m. 1 rain . 
lRree gr nules 

?5 ,000 g 20 min . 
chloropl st 

800 g starch (~ ~q 
15,000 a 20 , in . 

chl ropl aF.ts 

~~ ,o o g 10 mi n . 
20 , 00 2() min . 

6!30 12 min. 
v.mole chloro l Asts 

?flO g 5 min. 
c l oropl sts 

n ud:reau 
~l'lo fl e .ert 
( 14) 

iofl..ner and 
'11llerd 
( 22) 

Davies 
(51) 

Ll ties 
( 9 } 

'P ice & 
Thi menn 
( 125) 

Con.n e( 
Young 
( 48} 

!l rnon 
(B) 

Clendenning 
nd Gorham , P 

( 46) 

Vischn c end 
0 C 101l 

( 15 } 

Ja gen orf 
& ild.rmn 

Gr a nicl<: &. 
Potter 
( 67) 

Gr~nic & 
Potter 
f\ .ed . J . 3 t 



'l'. ·LE VI 

'!'i ssue tedium of I sol · tion Di amet er of 
~. 1tochondria 

in 

Author 

e.t liver 

" 

" 

Animal t i s sue 

1yoberter i a. 

Fli :;ht nucle i 
of Droso hilA 

nd Phormi a 

P as 

'I'obr ceo le '"'ves 

nean eedli!lt1S 

. 25 M sucr ose 

. 25 ~ 

isot onic sa line 
. 8 st erose 

E. ;1 . stu y of 
fix d tissue 

E. ~~ . " " 

phospb te buffer 
& bovine 
pl~ srna o 1 bumen 

" 

in v. ter 

. 4 f sucr os ~· 

•. 15 OS!) ~te 


uff er 


• A .·~ sucrose + 
. 1 . phosp ate 

. 55 - . 94 

. 41 - . 86 

. 5 - 2 

. 3 - . 5 

. 2 - 1 . 
vnrie s wit 
tissue 

. 5 - . ? 5 

. 25 

1 . - 7 . 5 

. 1 - s.o 

. 2 - 2 (lengt h) 

. 5 - 2 { d i ) 

Appe an 
o d DeDuve 
( 6a) 

Davidson 
~ nd Smellie 
( 50) 

:rogeboor1 
e~ nd Rchn~i deT 

( ?4) 

P l a de 
( 118) 

·:iudd 
( 111) 

Williams 
nnd 1at anabe 
( 155} 

I.evenbrook 
( 100 ) 

St a fford 
..,ml Godd rd 
( 66) 

J'agendorf· 
And ildman 
( 84) 

.Ullerd 
( 105) 
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Mi crosomes 

Ti sue ~ edium of Isolation 
nnd 

Time of Centr~-fu--::.e~_t_i_on_____ 

Di met er of Author 
Uer osome 

----------- 
t liver • 5 ?! suer s 25,000 g 1 hr . 10- 200 mu D vinson 

nd s . ll1e 
(50) 

R· t liver Adopted ogeb om and 
8chneider ' n tcchni ~ue (6} 

20- lf)() nu Abood . nd 
'Row~nc ok 
{ 12} 

Ra t liver . AS t~ sucrose 10 ,0 , 1 hr . Palade nd 
Siekevitz. 
( 119) 

at pancrens . ~5 'f sucrose + nhos t1 
buff er. 40 ,000 r pm . 

te 10 mu Allfrey and 
·ursky ( 5) 

nat liver . 88 M eucrose - 41 ,0 o g eater t han 
50 mu 

Hogeboom nnd 
Schnei der 
( 73) 

H t liver . 4.4 t sucrose a t 114 , 500 g 33. 0 
177 . 0 
351 . 0 

mu 
mu 
mu 

Novi off 
( 114) 

a t liver . R8 M sucrose at 137 ,0 0 g 129 mu 
22 mu 
7 . 7 Tll U 

means 
Sl autterb. ck 
{ 37) 



DISCU SI ON 

The initial separntion of cell particulates by Bensley (16 and 

Cl ude ( 45) using different! 1 centrifugation · s bAsed on t he size dif

ferences of t he particles bich assessed. specific chemica l and enzymic 

constituents . 

urther investigat i on of the enzymatic activity of fractions has 

shovm th t a number of enzymes re loca lized i n more th n one f raction 

( 133 , ? 1 , 125) (Tab le I) , the percent age of the enzyme , for emm le i n 

t he CAse of a l a line phos hat ase , varying 1it h t he r at e of sedi entation 

of the fraction (117 , 114} . imi l ar non specific locali zations of enzymes 

were found i n t he microsomal fr ction by Glick (115) and Schnei der (92}. 

The fractions initia lly defined a s mitochondria l and microsomal 

which were n, l yzed chemic lly by Schnei der and Hogeboom ( 128) nd Swansro n 

( 14?) rere found to co t a in particles of different size (Tabl e VI} . Ada ( 1 ) 

divided the mitochondr ial f~ction into 1., rge and small granules on the 

basis of di fferent chemic 1 c nstitut ions of the er nules . 

Investign tion of t he mitochondri~l fraction , using l abelled Phosphorus, 

ultr viol et bsorption ( 116) and che iCAl Ftna l ysis ( 95) hAs lead t o fur

t her subdivi sion of t he mitoc ndri l fr. ction (92 , 114 , 33) . 

Si milar subdivi ion of m 1 f~ctior i nt di stinct And 

sepAr ate fr ctions ~~s b~en demonstra ted by S l~utterback ( 137) and others 

( 33 , 114) (viz 'l'able VII) • 

Vlhet her t his beterogeneity of Anima l mitochondri a l fractions i s the 

result of Biochemic~ l differences ( 92 , 114) or of distinct classes of 

26 
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particles ( 6a) i s uncerta i n , 1 t hough Buchner and .,tcGurr han ( 33) noted 

t hat i n rat liver ti ssue , cholestrol synthe ·i s occurr din the larg micro

some fr ction. The het erogen ity is also con licPt by the f~ ct , i n the 

o, se of t he mit cho dri , t ~t mitoc on ria v ry ~th th type of tism1e 

co cerne (118) , dif e ~nt g neticnl . tr in n nring to have ch micn1ly 

di ferent mitoc ondri ) • '.Phis . s 8l so be n fOlmd in Ba cteria ( 112) . 

It i s unknown ·th ,thor Pl rmt mit chondria sho':'l either bioc mica l or g ne

tica l dtfferences . 

fl. ar t from t he heterobeneitr of the fractions , it is of' interest 

to consider the boundaries which separate the fraction . When one cons i d

ers t he f r Action nenoted " s ierosomes , the se~ration betveon microsomea 

ond supernat nt sl o r.rs cle rly the l ack of a distinct bounda • ( T ble VII ) 

Togeboom r.~.nd Schnei der (73) sedi mented p r t icles in the microsomol f ct1on 

do·m t o a pnrticle si ze of f)() mu, w1ile Novikoff"s(ll4) minimum s i ze of mi<ro

som~ s ~ns 1 mu di.a eter . ecA tly Allfrey and irs le isolating micro

s :n s in • '> 5 J sucrose ncl ld r ticles t o a minimum of 10 mu in the 

microso n r ctio • It seem likel. thnt ovikoff ' . and Sl Utterback's 

s . 11 microsomn . ~ er i elude in Sc ei er a d l g 'bo m• s su er t nt . 

How r e l i able the distinction bet\ en articles of these s i zes under the 

metb.od.s f isol tion can be se n fro the eff'ects or the medi and centri

fU ti n on t he stn1cture (Table VI - conp~re di meters of mitocho drio) 

and enzymatic activi t y of t he p rticlen ( 70 , 76) . 

T 10 met hods of fr ctiona tion of c 11 rticul t es by centrifuBI-ltion 

are used : 

(1 ) De sity Gradient separ ation 

(2) if·erential sped separ tion 
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(1) o1t .r (81) nd others (109 , 1 8} av investiJat e t he sep

er tion of particu te y r;r"dionts of "Ucrose sol tions , bAsed on the 

density diff'er·ene;o o. t he J r t icul t s { 2 ·) • 

Although this method eep rates t e oart culetes it g i v s onl . on 

a,rera e ran 'O of ize o p rt i culate per frn cti n and does not ta e into 

ocount poss ible osmotic chn ges pr duced by d i fferent concentrations of 

SUCl' OSO e 

(P) Novikoff (11) us i ng differ .nt i 1 s~eed sepnrPtion , nnlyine 

Pickel's Equ tion {122} t o c. lcul te t he c ntrifngnl f rces require to 

sediment narticles of e st od density , found nine r actions o b res nt 

in maTillMlien l.lver . I t should be noted t 1at separations based in Pickel ' s 

EouAtion are ~ubject t o t~ . soum tions : (1} The particl s are oh ric 1 . 

( ~) Thot t e density of t he . rticles is Jmotm . Kuff nd Schneid~r ( 92) 

simi l nrly , on tr t ed sub i vis o o· t hei mitoc dr. i 1 -rr. ctio A • nd 

sho d clenrly t h , di ferent r-sul te obta ined b the t~ o met ods . Te en

zymic distribution vari ed ccord ing to t he met hod f sc aration . Berthet 

and DeDuve ( 19) ha.ve recent ly used a ne method or sopar tion . The c i 

ciency of separati on of fractions can onl y be judged therefQre if both t he 

homogonei t ond t he erccnta~e rec overy of enzymatic eet ·.vit are consid

ered. 

The med um of 1so tion nf ets the p r t 1cul a tes s t ructure and en 

zymat ic ct 'vities . In conside ine; t e ef acts of the iso fl tion medium 

on nuclei , t he imnort~nce o t o nrc n Ption o enzymatically a ctiv nuc

lei , i s seen in t ct t h"'lt f{c neider ~nd ogeboom ( ?Pa) cla i m d the 

nuclel s to be nz. tic ll~,r i nt a ct , n. t houe; Do nee (55) critizes t his 

c ~im . 

• •ince neh ens ( 5) ub i hed ueou. e trr. ction proce re for 
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nucle r isolation , a nurnbor of modificAtion" of' this method nave been 

us d ( 91) • Nuclei resultin fr·>n theso proce 'ures ore sub jcct to the ex

traction of t tor soluble enzymes ( 78} while T,• er cmd LePage ( 151) have 

eri tized Dounce ' "' mod1ficr~ t1 n of Bohren's Technique • 1hieh they cloim , 

lends to aistorted .~.ucl 1 And cytoplasms contami nation . i~any isolations 

of' Plant particulates ru v, b ,en c rried out in aqueous modi• (138 , 98) . 

!~edi c ntninin · citric ncici (102 , f)6) or sucroso (?Sa , 57) used 

for nuclear is l ntion , extr~et t e nrote n ( 63 , 109) and con not lle us d 

or th eten;ti '"tion o intMce Ju 'r distri ution of' soluble enzyMes 

( 140) • t ni .. 1 nuc ei have bo n prepared in good condition in glycerol 

{ 129, 58) and in Jilbu;r end Ander"'on' s olution . 

In the isola tion procedure used, 1t .. s found that Anderson ' s 

solution II (specific .n-avity 1 . 031) f.,."G.Ve plant nuclei in good c ndi tion 

as shown by :ticrosco ic ex minat ion of methyl gr een yronine st · ined nuclei . 

rurnick ( 93) hr-~s sho ·;n the.t th re~ction i s s ecific for D I, • 

''' ith Animal mitochondri t ef'focts of different concentrotions 

of ruc·ose solutions ('71 , 69) an<'l salts (126 , 3~3) on th enzym tic a ctivity 

have been found, while in lnnt 1toe ondri .imi l ar of ects have b~~en 

noted (135 , 125) . he s tructure oft e mitoc 1ondri . is affe cted b tho 

Tonicity of tho r.m ium (71 • As n r sult oft is , vers no (120) or bovine 

serum albumen (125 ,155} h.: ve en a de to the medium . 

In is lP-ting th it ch d i 1 frAction i n Plant s , it is necessary 

to remove ossible contanina.tion b~,r chloroplosts or grnna. . A.e. shmm f rom 

Table V, the speeds of centrifugation necessary to sediment mitochondria 

ond ·~ana overlap . To remove this d i ficultv non photosynthetic tissue 

or etiol a ted tissue ( 125) are used . 
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In the procodur a< onted the isolated Plant mitochondri are stain

ed accordin to Harman (68} technique in preference to J"onus Green 'R , al

though Janus Green l3 has been · idely used as s ecific st · in to dem not rate 

t he presence of mitochondrt (124 , 111) . Ben<>1e (17) caut i ons r;ninst 

t hi s sp ci:f'tcit y , rJ 11e wzaro nd Coop rstein ( 99) showed t hat ony en

zyme syste. CA bl, of reducing d1phosphopyridine nucleotide and flavopro

tein reduc d J nus Green • I t i ~ kno~ that uotassium chlor i de npart from 

ageregatine the mitoc o dri~ , inhibits enz ' tic activity (126) . o ver , 

i n this invest i gation it i s unknom t o h t extent t his t reat ment ffects 

t he microso es , or chloroulnsts . From t he a ctivity of the succinic de dro

genase of the i ol t , mi tocho dri a fr~ction , it nnearP the mitocho dri 9 

isolated were en~~tic~lly ctive . 

'From t he heteroe,enei t y of t he fractions , the effect of the me i um 

and centrif'ugation , the rei'! sons f or t he l a ck of agreement i n t he upt l<:e at 

1 belled omino ooids by fractions of cell partim1l a tea i s apparent . In 

vievr o:f' the interdependenc of cell p rti culn.tes , a.ccur t e separ tion of 

fra ctions , wi t h kno~ concentr tions of impurities , i s es~entia l . 

I\ comparison of Plant nd Anima l cell rticulo.tes shovrs simi laz•ity 

in properties . •u tochondri in both Animal s and Pl ants possess enzymes 

of t h Y(rebe c rcle (51 , 124 , 131) d cytochrome oxi dase ( 62 , 1 7} , and 

will oxidise substrntcs of t he Kr br.; cycle ( 106) . illerc1 ( 105} found t hA.t 

1. nt mi tochondri"' u like li i il'sl mi t och ndria vrere indenendent of onz mes 

r>nd 1\.'I'P or n I'!lle 1 octivi ty , r 1th ug Stafford ' ~ ( 138) fi.nd i ngs are con

tr-ry t o t his . From t e res1lts of Ja es B d Elliott's ( 85) investig tion 

on the ef ects of Potassiun cyani de on the respir1~tion of mi toehondria , 

a second oxidative ~,stem may be r esent . Fatty acid oxidation t akes 
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pl ace i n A.nimel m:tt ochondria ( l!H) while in Pl Ant. , '"' t u1tpt' { 146) observed 

t hat in hypocotyls of ne nuts , the microsome :traction oo.rticipated in oxi

dat ion of f'nttv acids . Stumpf a lso notad th, t no add ition of co.f ctors , 

such as CoA , ATP or DNP were r qui red . o expl~nation or the inde endence 

of cofactors of nlan-'c mitocho dria nd micros mes h s been to nd . C.ly

oolytic enzymes occurring in tl e soluble r •action in AnimHl liver ti'-"sue 

( 13 ) have b en cl i med to be present in t e nucleus of 

in Plants ( 100) • 

Plant cells are complicated by photosynthesi s and starch metabol

i sm. Chloroplasts , or thei r constituents , grana , apart from th~) specific 

rea ctiorl of photo reduct i on ( 72 , 162) and t :h0 cou:pling of' this wH h 'I' N • 

DPN ( 153 , 154) ~no nitrate reduct ion ( 10 ) are eanable of synthesis of 

ATP ( 152 , 9} . The fixa tion of carbon dioxide t a .s nl e ce i n t he chloro

pl asts {'7) and in other cell fr11ct1ons ( 47) , a lthough Tschen and. V nncs

1 nd ( 149) f ind differ nt methods of f i xation i n Plant o . The ctivity of 

tbo chloroplAst s overl~ps t At found i n Ani1., 1 mitochondriA. In t he 

mitochondrio 1 f r:, ction isolA. ted no cb.loro 1<" sts were found , although un

kno · J particles «:ere resent ~s seen from the photographs igure 5) • DNA 

est i ma tion o d stAtni.nc provec thr:~t the nartieles ·vere not of nuc!le, r m.<.1t

erial . 

'rhe incorporF~ tion of labelled g l ycine by cell particulate And the 

general met abolism of glycine hRs been discussed by Tyler (151} and Ars

tein ( 10} . Incorpor ation of glyc i ne into cytopl asmic hNA ( 61) nd nuclear 

HNA and l>NA ( 150) h s been ob . erved . 

'I'yli"!:r et nl ( 151) inve ti ga ting the b iosynthesis of nucl ear a cids 

i n norma l a nd tumour ti ssues , l' ith P;;2 nnd. ro 14 glycine , demonst:ri"l. ted 
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that the ucle~r rmA had n h'.g er etivity thnn the cyto la.S!ilic R lA in 

th r:1tio of 6:1 . Tyler ond ~? ge observ d t e r,Aximum _etivity of the 

nJcl,us RP e-red t·o hours fter injection of the lab 1 ed mot i 1. 

Similar r~sulta ·:ere obtn ~.ned by DAvidson P.nd SMellie nd others ( 12 , 

~3) . The differ n.c s in the ti . e of !'1"~'1xim,m ctivity of the nucleus 

probably depends on the state of the tiosue .nd thf; cond:i.tion o!f the 

med'um (52) . 

Gnle and Folkes ( 63) nd All:f'rey nd t ir"'l, r ( 5) have sho m e c r

re l ntion exist b t ~e the r te of p otein nthesis ond the oonc.ntrn

tion of th ' Uu Cru ntrenne ( 43) claime tbnt !'NA s not tb.e limiti g 

actor for the 1 cor oration f Amino a cids , while Laird (94) found thnt 

doublinr· of nucleor volume caused by an incrense of nucleonrotein , ms 

not Associ. ted · ith ro cho e of N" concentrHtio . This s also obscrv

ed by fi lfert And Fl rn {3} w en nuclei ere treat ed with AStr -:-;c1 . in 

Pl ts, Boru er { 21) ' ~s unt~ ll.'l t note :my ef ect o A.uxins in th up

t a oflalh lled rnino oci s . GAl (62 , 64 has further shown that the 

upt e of 1\mino aci s not nly do end on the F 1/1. eoncentrntion , but · lso 

on th sp ci:fic mtcleotide "racti n pres .nt . Tr ... tment with Nose le_ds 

to the f · 11 Ol'f of Amino cicl ( 20 , 159) . D nielli ( 49) has r cently dis

cussed the r letion of mJA and protein synthesis . 

ThAt lent and Animal microsomAl rnetions h.ve a 1igh cone ntr~-

tion of P·IA, to ·hie .ote1n is bound (5 , 59 rmd shO': the highest r at 

of upt ke of f\.mi o -cids (87 , 159) sub tnnti tes the above finding. 

Ada , in n a ttempt t o lucidate th relationship of the cell 

particul~t , , ro11ed Zilv rs it• s ( 170) h pathetic 1 r 1, tionshl of 

nrecursor product to th rticulnte r~ ct ons . On comparison of th 



specific ~ cti itie o th S)rticuhte fr ctions , no r elAt ion hi p '.~s Ap

.. r ent , th r~ ctions b AVing i ndependently of each othe •• ~ 11 rey ~nd 

~1i r l{y nplyin the orecurs r r duet r e l nt io hi P demonstrl'l ted a re

lAtio ~hi exi~ted I"!ic os me rl'e llet ~L , the mixed tissue 

rote in . 

rom t e i gurc 3 , the r 1=1pi d untnke sbo m b the supern"ltnnt 

{micr som nd supernatt~nt comb i ned) confir ms previous i ndings , nlthough 

no rel tionshin between t e oa rticubtes i s anporent . 

The Nuclear f r a ction shows a s low ini tinl uptake f llowed by 

more J'·api d upt ke a fter 2 ours , ··rhich i s con"' i dercb ly greater tha n ap

pears ·.rom th er a ph , s ine only 50':" of the nuclei Are isole ted in the 

frc ction . In Ani mal tis~u"' , Ty ler and LePage ( 151) obs rv d r- s1r.l.il13r 

l y slow initi~-Jl u pt ake •hi ch i ncr aaed aft er 3~ hours , rhile nn:rton ( 13) 

round - corr s o din ly hig u c leAr u t a :f'ter ?i hours • 

The nicro omA l frACtio . s been shown to be asoocint , r3 with mino 

a c id u t Ak ~nd rotein ~ . nthesi • The r ol e of the ~ ucleus in nrote in 

s;'ynt esi s , if All r, is o, a r unkno '111 . Rrachet ( P4) ho s suggent · d t h t 

the nucleus is concerne in oxi dA tive phosohorrlation, while 9:ogeboom 

and Schneider clo:i.m it is associated with s nthesi s of 'DPN . It shou ld 

be noted t h· t 11t tl · agTcement i f auna on the enzym s · ctuelly present 

( 109 , 11 , 41 , ].~:)9) . 

\';heth r the unt,. k of labe l ed gl cine nfter t o ,hours b~ the 

nuc lear f'r~ction i s :rel!•.ted t o nr t ain s. nthesi R or nucleic aci d syn-

t esis is un no • 

In t he future , the rolP. of the nucleu might be elucidat d by 

the use of rie;g< t1nd King ' s ( 30 ) nucle"" r trAnsfer tac ni flue , usi g 



lA .1 d ucl 1, ollo11ed b 1 ol~tion of the c topl ns:ni c n.-rt·culntes 

b differenti , 1 centri 'f\lg:J tion . ~, e isola t articul:-~ tes could then 

bo tested to Me if ~my t "'nns1'er of 1 · bel l ed a t riAl lmd t Hk n pl ce . 

The r ole of t p, nuc_e , in 1'el:; tion to th, cell 1:n rticu l · tes re

mains unex . lnined . 



.fl N 1cle• .r rr->etion cont ini. t ' oo·" of the totcl nuc l ei of the 

initia l w-et rweight ":l:f tissue can be isola ted in a ure state , using 

V'ilhur a nd ~ nde sons ' solution• 

.! itoch ndria , i sol t ed in ~illero' s sol ution by Yennedy .nd 

Lohninger ' s PotA s~i.um Chlortde procedure, ~ ltbough aggrega t ed and VRI"'J

ing in "P earauce from rod-s. t'l d to s h.ric'l are enz. . !Rtic,lly activo . 

Th nost rapi d uptAke of I .C.14 gl, ctne by the nucleAr fra ction , 

r apid iner ~se in the rate of upt? ke t Hk s place aftAr ? hours . 1'he 

reason for tr 1 i.ncrePC!e 1 un , om . 

'l'he Mi tocho r1. fra ction shows a slower r t ~ of uptake t han 

either th flupernatant or the r· uclenr frnction after 2 hours or incuba 

tion. 

In the compnrison of the upt1 e of Gl •cine by th above tree 

fr ctions , 1t shoul<'l b not ~d th t the Hi tochondri 1 fr~ction possesseu 

n 7 '; im..,urity of n , wl Ue tho Su . erna.tent has A h i gh DNA im. urity of 

40; . In centri gi the initiAl h mogeno t e , the UN. pa~il'l~S into the 

s luble rPction , t he concentrotion increAsing nth incr nsing sue d of 

centrifuga tion . 

It is interestine to note th·t nean :!'Oot tissue fractions show com

n r flh le activities to those of Animl'll cell frr~ctions . 

No rel~ t ion betwe n the activities of the di ·ferent Fl fl nt f r ctions 

c n be seen ·hen Zilver mits rel tions ip is Anpli d . 

It ~ _nenr. therefore t h<1 t th !~icrosome/. uner t f ····ctions in 

35 
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I lants ~ re £H:1noc :lt:tted. "7·'ith '' . A. unt _ e an rot i n synthesis , alth gh 

t he role of the ! cleus in relation t t ..e upteke of the u_ tAke o . 

A •• s and nr tein ynthesis i "' unk o·m. 



Zilversmit et ' 1 .G. P . ' p . 3~ 5 , 1942 

Precursor A 

Pr duct B 

If p = rate or conversion of A to B 
( const • e. 'Ssnm:ed) 

R = amount of present 

x = amount of B resent in 
radioactive st a t e 

f( T) = s • . • of i ediote nrecursor A 

Amount of r nd ioactivit, convertet1 i nto ner unit Time i s p f( T) 

a nd r>mount of r nc.U onctivity lost from is pi ..-. 

mherefore , r a te of chanee of amount of r Adioactivi ty in B in t he t issue 

dx == p 
dt 

DiTide by X 

1/x dx = p :f (T)dt - p 
X R 

1 dx against f(T)-- P and R consts .
:r. dt X 

A precursor pr oduct r elation if st :r.!'l i g t line obtained. 
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Phnse Cont r ast 40x 
Hag i fi c t i on 400x 
Tl"• ken t i t h mi cro i lm. 15 s c . ex '1osure . 



FIOUPE 4 

Photogr~ l)hs t a ken ith Fl I.eic Camera attAc ed t o a 

Phase contr , st icrosco e • ith an Ibsol a ttl'l. chment . 

1) 	 Photogrl'lph of the Nuclear :f'r1:1 ction isol Ated 
a t 70 g for 6 m.ins showi ng nuc lei ·v!ith 
nucleoli . 

2) 	 Phot ngr n·h of Nuclei showing t he pr esence of 
nucleol us ~~nd lat erA 1 depre ssi on . 

3 & 	 4) Photogrw)hs of Nuclei shodng t he pr esence 
of nucleolus v ithout a l atere l deprension , 
which i s not shown by e llthe nucle i of the 
f r action. 

5) 	 Photogr anb . of c,t he NucleRr fraction forming 
be d like fr~gment s ce:used by exce ssive speed 
of centrifuging (100 g for 10 min.) . 

6) PhotogrF~ ph o t he Nuclear fraction drawn out 
i nto cigar-sh~pe<l nuc l ei by centrifug ti on a t 
?0 g f or 15 minutos . The nuclei ·rere not all 
broken up to the SA e degree . A.part from the 

cigor - ehaped nuc l ei. , some fr~gments st i ning 
more densely , s1.mil11r to those in the previous 
phot ogrl'-nh, re ? l so nre s~nt . 



FIGURE 5 


1 ~ 	 Phot t:;r a ph sho~ 1ing t he Mi tochondri a. l f r ction 
i sol t ed ~t 2000 g for 20 mi nutes . Fraction 
photocr ohe • f t er resusp nsi on in Ullerds solu
U on before t he enz me a ctivity vms est i mated . 

~) 	 Phot ogr-e sho i ng the Hi tochondri.,l fr,ct i on 
s imilnri l y isol r->tcd n n resus'1en cd i n ?- i l lero s 
solution , but p ot gra '1hed ~fter 25 inute s of 
Enzyme - c t i vi t y ef:ltimntion . · 

Comnnrison of the t •·ro nhotoe:r €'1 phs befor e end 
nfter the enzyme esti!'I1P. ion s. o •rs t ha t the r od 
s., ned mi t och p.dr i c ecre~> se in numbAr , l;r i le 
the nhe ic:"' l . itoc. ondr · ~ i crease in nmnher . 
·he fr gments also nre w·, t , are not nucle::>r 
r?grnents since t hey d i' not stnin :<Ti t h m t eyl 

gr . n yronine . 
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