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"l'he biologist vha ia mteteated in cell phys olugy simuld not:‘be
‘fn.mrphougxsc, oz’ a muungxs:, or'a biochemis B shoul.d
a6t oaly ‘be. capable 58 using physiological and, hio:hanicul mathade

a8 well as‘the’ mxcmscope, but he ahunld Luttlize then, au n

4
attacking his _problem!
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Genéral introduction

; adyanied xnce -the esrw\mo's vher it vis still; believed that” 5

) ‘\cnupled with elegant. expenmenzs in mierobical gen&tlcs.‘ Although

" criptiou of genetic lnfomafinn !.n eukaryou.c cells.! A great effort 4

s being tentere

" The understanding of ,the role of nucleic acldz in the

flow of l.nbomtign E(om gene o ptotem hﬂs been: significantly

ribonucleic actd was a &nique "plant nuclei" actyt and the only -

funcr_inn suggesced for deaxyribonucleic,acid wus tog;al:t as a. pH

buffar wi\:hin the nuclens (Btachet, 1957) Mnst of the basic

cnneepts of gene activity, hvwever, Fias - been gainad .frmn bio—

'chemlcnl studies of. DNA, IWA and pracein synt‘heaes in mlcrobes

. i, mmains to-be l.eamed about the control mechanisms of gene 5 P o4

activity and, a:q:tesslon in’ okaryutes, &p understanding of basic

cnucepts has butgerned unde! an intensive study. z -

_Sintlarly, thete are suu many pmum to he Bolved in.

reguln:ury ch for DA synthesis and the'.

an the str\u:ture ‘and funccim\ of chmmatln. Resear-:h

. arens include delineanins Bpaclﬂ: chrnmatih mnleculeé, al\alyzing

.theit p)lyslochgmical ptaperbiea !i(her pure or 1.n rgc\m.stil:uted mh(

tures, and scudying chromatin =nzymelagy., From :hehe a:udles i 1s

hoped to gain xnsighe on the iiole “of chrmﬁnt!n in cell grw:h “dnd

diffaxentiatiﬂn,




to daactiba the: ‘baste stalnlng material of . the nell nugleus, an\d 1
i

‘e\lkatyntic cllls.

f
in chromutln phyLiolagy is huu contrl of exptessinn of; genetic m—

The' tern ch: ‘ométin: iias tsed ad tly s 1882 (n'eming:“laszy

urkent use .denotés the diffuse tniarghasi: “gorm, OF the, chromogones of
Tt 4o now well mognuea 28 adomplex containing,

nsic proteins (histones)

it additiun o' DNA, x-mall smounts of RNA,;
aboyt equnl 1n mass to A, qu a varinhle ameune of: Mghly hetero-
)2 There are also ncattezad

geneous acidic ptuteil\s (smpson,

vatlation a8

: simuuz cunsLant
ot “tips and nerve tiosye-ds faund.,

Thé mnjo‘( questio

T a8 unxon bulb

fonnatlon o:cnrJ in eukaryntlc celll .Bo. as, to allw such- dlversity‘

It ds well knawrt thnt cilrmltin “serves’ as a uubs:rate fol‘ a

nu‘mber of snzyms 1'nvulvad 1\\ DNA repllcalion. RNA cranscrl‘ptiun, 'DNA

repal: pracesses nnd chan\ical mudiﬁcn:ions uf nuclear Proteins (Sinpson,

Th best lmmm of these enzymes are the D depkndent )lNA a’nﬂ
Oﬂmr ‘enzymes kxmwn tobe 1nv01ved in chemicnl modlfi— .
and nethy-

. 1973]

. mm pulymerases.
cution nf template yzozeins im:lude the. Idnnaea, acerylases,
‘These kinases .

lsaes vith the kinasrs being the. ones hes; chatnc:erit




3 s 5 : s
It Yol L bel.hved to phuﬂhurylace hiatmu -1:«1.-; chetr hzex-ccim m. K L
o I
: It 4s now. believed,

lIIA, and theuby mdﬂyan cqlu:e pxuperuu.

Hovever,’ d:a:

khyh:im of ch:mm proteins.fs pmbl.hly r_he -nu: Pl el

mlex of the lodlﬂ.cnl’.lun mct_lm, Hlth laverll dlf-fe!mt /enzyme "

_at tlvir_tn ‘beiiig, de. nbgd. @ addition to pmrein nechylxtitm nac:tonl,

) uzhym.u. which ﬁ- . not Eeen weil nhnxncnri.ud are h\m €6 acton

1968 wntk t Jefisen's l.lhnrutory 1n Calif'omia (Fislier,

D 1958) showed that a, reliable level uf mcmm—.um fm r.r.l.tinted i)

l:ould e retl}nld 1l\ nnclel, “when ftczen uac:tnm uf plnnb lnsua vere

1n:||blted “in‘a Mmqy Illxl:ute sinillr Chlt use i in bioc_hamical

'tmuel {o; ‘thg dﬂnonpﬂltion of the acid lniolubls product of DIA

polymrne. s noten by Phhu, 'such 7o-pen ur.hadx can mend

dumm common a rap! V.smuu of llov.le, by . 0 Y

. ;1‘_11.15 ‘Hsbues. With ehe 1n vitre ur.hod pznbla! which may ba cir

4 inclide.
dllutlm of netope By




{faported’bires Biq:eu;nents were firat perfoméd to decarinine. 1fs,

‘the. cytélogical mu pcly'mexase

nucleér (egions and (or) 1!\ difiereut tlssues‘ Thi.s vas. follcwed

by axpirinencs to detemine i the products of Dnbpolymerssa, “auclede

'acid ot protei mel:hylase, and.the recantly discoveted polyrer

1y(m>? ribose)polynerase cuuld be xéTiably. demon=

fummg énzyme |

>3 n:raced in the nuclear chromatin of Erezen settlnns af.tet incubatida

and aummdiogr:phi: yrepurafim ptoced\lres “In’ mid.ix:ion a:q:eriments .

reltable demnnsr.ratinn of these enzynes cauld prove fruttfil n stuaies ol

of chrmntin pl\ysjiology in the dlffetentiating cell, hesidaa aﬁording

,‘nf Variuus fsctors sunh as hormanes and ‘enzyme 11|h£hi\‘;ors ot nctivac s in

specific tia5ue =1t 1 realized thut ‘all, (Edmlques,\ these now1th~ L

sl:unding, have their limitutirms, uE it 15 alw'a'ys hu‘pe :hat 4d studies

T of, uu syslems dérgoin any aspel:t of - devels  Eenethdadi

differeutiatlon, esm;ushmg eniyms acuvm.ee h{eochmnauy, T

[+ Help 'to b:idge the’ ofr:en .pp reit gop ‘between elegant histulogic utudies ;

of tissue diffeteﬂtlntim\ zmd the more saphisticauﬂ msthods uf hiologicsl

chemi toy. and physiology. TR0




each tissue has a: detamined met,

for furr.bet deve lopment whzn thé seed As.

-eukaryo[ic el there is. 0’ reason

siof l:hranzatin fom and fun:z!on differ uidely An aiEhe: plam: ot “anima:

embryo 1s: also ar convenient mudel fnr dgveln-pmeutal s(udles JIn theA 2

e-pattarn f' tom’ m the

olic pattern-and a sfored 'blueptint':

triggeted: it grovthiby -

anvircnmencal sriwuli. Smr!ge cutyl:don snd endosperm tissuau are

somer.iwee spaken ‘of as haying reachéd o' comtgred szage of develop-
E ]

ment s:l.’nce tiey are usually'uuabl dividé dnd cHaigs phadé inlike:
potential meriqtemal:ic ‘tlesui

It should be stressed that ‘the pmmmy ‘ain{gE {he_se studies is

Tnot ta demonsr.!ate or charaf.tarize essencial enzyme sctlvides peculiar

~to 575d g!mination From t'hs ptesent state of lmowledge Df the

0 believe that the basic concep:s 2

€1l differen{istizm. It is reaIized ho everp | thst my nove.l enzy'me

meLhadolagy i best im:erpreted & relatipn. to the Hhole orgsnism, ds -

uel]. as in relqtlm to sper:ific' cell o ancall‘ular £unctions. In these

b
smdiea an sttmpt was: nade; to relags efzyme nctiyi:y to re!tlﬂ




KJarge. purtian of eurrent rzsaarch on_gernination {s devoted to

v
Lo e (B Loe B - B
) L. ¢ v elucidating th of and activat; of enaymes

J

§ ot T Lamd ptoteins duting the- early tmm of germinatlnn The* ter.hniquzs

- Lused here & demonsitrate enzynés m situ will xdd to these studieu. 4

Foo . “.' . Nuclete acid metabolism in germin Seeds: An- overview.

“The more general aspec:s of nucleic acid me:ahousm in ger—

minating seeds have: reusived some. nr.cp_ntian ‘and guch wnrk has dEalt

& with the ‘pratein or_nu dic's

14 synehetie, capacity of|dry or ger-

minacing gedds and the ave:ml pi&ure that.has develvned 1is one o

a limil:ed amlno acid 1ncorpotat1ng abil y,’vith bnth pto[ein and RNA &

synthesis oucurting carlter ‘than DA repiication in gemi.nnti.nn. Ger~

minatian characteristics of various specied; towever, have: not been

eluzida:e in’ terns of nver_all niclete actd or, prntein sym:hacic capacity.

- A revlew of. the ucerature ‘at tl\e beginning of thesF studies

clerE growth phase 1: “was an;mrem: that the Ievel of understanding 1.aged

Lt-was. cmr_twetainl (md atﬂl 1s), as to whn: xypes oi RNA; e‘L:her ,pxe

sumptive rﬂmsml or. messenger, ,vare synthasizeﬂ at the mit;ladcn of

op Bl A gex:minacivn.‘ﬂﬁd_.le in mun;malizm systems a whole:spectrun of RNA-polyners




wbre bélt;g ide_m:ified in- éeu a'rid tissue studies. m.‘{\c ,ussu'e miA L

pulymerases were uccle chancterlzed md no 1nfomsl:ijbn exxs:ed on.’

pnss@ble dxfferem‘. polyme:ases present in nucuolar am{ exl:ranuc,lenlar i

. hromal:ln yrs Teast one study - (.\]prLet and- Rieber, 1967),, howveyer, -

presented circumsr_antial evidence: fnr sm polymznase in ungemmaced

seeds.' Lictle infamation uhich nitght explain the lag period of DNA

syntheais il\ g tmimtion, except the genetal observatiorn of ‘a requir‘e—

ment for a pmtein synthesis petiod vas availa\wle. There was little or’

n dry or geminacirL

. eeds. In.1970 ‘a papér on the par:1a1 pursﬂcnmn

of. mm polynérase. in gemmaung <orn reported :he nm attempt st -

extensivg charac:erizst!.on nE :he enzyme in Kekminatihg seed (Staut ‘an

Arens; - 1570) Thete semed a virtuzl Ve ai infurm tion & DNA ragah—

repllcatiun antivities and mul:h Evidence has puinted to'a Peed for

zepucaﬁon' pro 1ns “in DNA _yn:hesis, bthe't ‘than those involved in

précirsor . ptndu:tinn, or pclymerases and ].'lgases' Mo avideq«:e on’ these .

has ‘been fcrthcoming f£rom seed g rmﬁnatio‘ systEms. Similatly, there -

.was a limited" licerar.ure on- chromtin availahilicy in telbtion to” RNA

and DNA polymerase activi £y in plan: growth, ‘and no rlat

T‘he segdy. report&g\ n@m attempts to! rlemnnsttm:e RNA and

mm pulymerase i dry or geminating sesd& In addi;;nn to. the _:uo

: | .
“ino data es:ablishlng DNA polyma}ase at precursor Tﬂymes fo_ DNA synthesis

; on pnssib g ey
chronat{n modd F1éacton eaitLons’ as/n/wthy/latians B azions. 8

Lymer; ‘o chronatia. odif fcation sybtens werd




s maf_hylatlon rcacuons By methLlases and ribnayl reactionslby poly(AD!‘-

© st T ) poi yherala: Thus, in addir.inn :o es(sblishh\g & tilatochemical

‘basis for zhese enzymes in ch:omntin, it yas ' hoped o gnin at least &

hysinlogy.

¥ umited msighc into L’helr role m ume o:ganis

A gehe:a pru‘blem in seed genninatinn prntein aynchesis 38

ating seeds .-

o b, T A nharance:iscic of gemlnuting seedL 14 the

the ribosomnl sysrem (Harre, 1967, Bazkﬁ.x at\d Rleher,:
. ’)968 ‘Payne and Bnullgr, “1969; Olen et al,

11971 wigh

“ductin’of enzrlmas (Chrispeels and Vamer, 1967) .for

% msme food. .In some plunts “the. fitst mu\ to bé syn:heund m seed




u:tivn(ed in g;rlhudng !nheat eﬁm{s afeer. 30 min, hbxbitim
(Mareus et al, 1966) vhile RYA s;muu is oburlml J.n gatlhudng

eLds only ni:.r & period of snver.l hau:n ‘(Hol

i mnet, 1964 Jatvinet, 1:3,1968; Duda_and ‘dmrry, ;,9 1)

gi erellic. -r.!d may dnu—ul enly gemn.um hy gme denpxulléil which -

uquenuy m polymrue uuvuy. Su:l\ m:n}nﬂ ur.ivxty, hwm:.

5 haLnnJ.y_bun—apntnc .f:u sevu.l hunu ot ‘even a f:’u d.m gu-i.m\um.‘ i




olism in :h: mo: pex uri.?g,gemin unn and 3H-ur 4nas e

mrpemld 1




Cell cycle studies in ‘seeds fn)selation to early gréuth

|

]

“DNA’ syn:hesis takeés, pla:g, wxch nl praceﬂng and

T T L r

Using: DNA synthesis as a mnzkez cell “Interphase, can be

nubdivided into cl, s, and 52 perindsqmuuard und Pelc, 1953)

designhtes ‘the, period:of nA synthe'sis while 6 ("glp 1') and G
Ky 1 @t

gap, 2") denote the intewals of muerphase durlng vhil:h no nuclear

s, fallowing the:s

e e e grcw:h 1nitial:§nn studies’ (e.g. see: gemlnation) it s

1mportam: to estahlish cell cyile states sincé Bynthetic pattérns

depend ‘on’ the telutive prapor:lon of cells in Gy, 8, or 6, For i

stance, cell cycle biothmical .stydigs havé demonet‘n:ed a raquire— .

ment for e period nf pmtein syntheulu ‘before'a cell at ‘Fest- n' [

‘can entEr and conti’m,\

nay b pmgramed fmm prgexlstina ANA'S or RNA species par:lnlly or

cm:al!.y syntheshed de navo lt the time of metabolic activation.

celly were, howevek‘, anrstad i c , o m,s Tiad. already goné thi

their DNA syn:her.ic Phage, " the mumupac:em of mcrumclecular

cuum he» Both qualdcatively and quan:itatlvely different. . %

Of equall nterzac, besides-as.a Sy for speciflc Eynthesis,

s the task ‘of estabitibicg b dislotoglesl role for G, Blocked ‘populatibns.”

the dormant ot quiescent ‘state some:plant-species contain mixed Gy and’

populations; while other spécies ‘coritain tonly 'sl, cells (Bryant, 1969a,5).
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., Somie cells " restt fn S but this. 15 hal.leved to: be. raxé in rnoc S

'meris:ema of highex plasits (Brunorx and D' Amam 19675 Davidson, ' 4 .

Stein and Quastler, 1953) 3

Condiions sim:uar to cell’cyclg a2

- reetl g periuds can:be experimencully induced. = Excised p'ga Toots’

‘may. be. indisced ‘co accumulate axd10aTPa1y 13 6y oF G, per{odsl of the :

micotic cynle when r_ul:uréd in medium. without Exugenous carbohydrate -

¥ and mm. 1972) simuar to that fcund 15 ehe ormant

dry‘seed Tadicle (Brunuri
B

1970) e, remains to be dezemd.ned

Cif ‘cell carbohydtate starvatlun ma hysio].ogical. role m ive. ¥

anmmals, oteina e5- (chalon

5) :hat Laffect:
r: .

P call Bieat’ o: blockag 1n G, or G, have been: repot:ed (Bullough 'nnd 0

< Dehl, 19713 Frankfutt 97 recent epott (Evans And Van 2 an,

AR ; 1;97:») has 4 that a

3 factor from the cotyledon

5 peas- promates c6ll drrest dn c m maturé root EL sue.as well as

stationary phase, Foot and shoot meristems. Since i

’factor 18 non=

. and animal chulot\es

. protainsceous, it is doubtful 1f any humolngy‘ axists hetween plkatj

I ‘In thia s:udy, bm']h onion bulb roots am‘l se ds were checked -
for Gy cells.»

Slnte pteliminsry atudies suggested slaw growth ot
. degeneratiye changes \mder storage, ultrasttuctuzal ubsezvatianr ere

carried out to investigate such changes. T
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DyA polymerase - .. . =y 2 L e ;

I DNA synthesis ingerminatiiip ‘seeds ' s ¥

DNA syntheats ocours after Ehe lnlr_iar_iun cflpro[ein and,

(or) ‘RNA synthiesis {n getminating seads (Jaka'h and Bovey, 1969; ... L

Chen and Osborne, 1970" Melexa, 1971, M’ﬂry &%t 5, 1972) aid aarly

prucein syntliesis may be reqqired Ea: subsequent DA teplication X ; Tl

The- replicar_ion 1ag period culrld be due £o such general control

|
_mechanisns as (a) Lu:k oF an’ acmve template (b shortage:of enzynés,

vfor DNA precursor production or (c) enzymes ditecr_ly 1nvolved if

I repucagi\m, as, mm polymerases ‘and ug_n_ses or (d)[ the ‘presenc

mhibxm(si which may act at imy‘ potnt 1n zim iepli;:acihn rocels.

Hhan this study was hﬂ:iar.ed r.hete was- little or no biache\nicsl

eeeds.

ton on the I of 'DNA polyd 1:.

Ja. 1970 the. first repor: (scmu and Arens 1970): on thie partial

pufificarion and churac:erixatiorx of & oA ‘polymerase . from a higher -

pla}:t atn 2éa mays)-appéared. . } i were designdd.to, : © .

if -the DNA o0l x‘eplicntinn :mnplex cﬂuld be retained.

SAn 8 phasa nuclei. of germinar.lng onion seed- in cytulogic seccians. The A

" metHod aeveloped was also, used to assess mu; olyuerase activity tn dry’

N seeds. < The geminacmg onion seeJ is a suuable nrganiﬂm for " studying >

DNA. syntheais requiremanr_s, since r.here is no!e han &30 hour 153

before n vivo: DNA syn:heaia (Melern, 1971).




T

=}

Templates for DNA pblymerase in s onton-

"1 seed embrypos’

The 1dg in DNA Tepii A:ion in 'gemimm.g séeds could be. due-

to'lack of-'active' zemp1a’:as for DNA palymerlsse. The relatfon betieen, |

erase’ zctivity i plant’ tisﬁue has Te-

i+ chrématin s:A:as and Ry poiy

cetyed some Lnencim. (Jarvis et al., 19%8 Megomb, et al:, 19m~ Johngon

and Purves, 1976; Yelaserd et alu) , 1972) andat least one repurt has

demnstmted timplace mnu’ificntinn (in éoybean: hypocoryl I:Lssue) by a

“plant: humnne (2,4-D)! effecr.mg an fnerease FES S polyperade activlty

(Leffler et als, 1971). Experiments’ Yoxa carried uur_ on cycolugir_

sactiun! to: see if :1ssues Jof‘the ungetminaced onisn seed !e,tained

nccxver'V'r £6% & 'Hmmnhm_r Lo G, ey, P

In" _z:k;'mnhménr ofac 1 ve for DNA

events r.hxl’. lead to pcly‘merizntlcn ot oA ‘in{the cell

DA polymerases, whose’ physiological’ funcuon awaic‘elucidnt‘inﬁ, 1

been a\uaueuzed 4n a number of csll systenms (especially bacteri\?)

-
dh the basis of “type of priner, chenml subuuy, &hromatographic. be-

havioss, molecilar weight, -and sensitivify to donie stréngth, sulfhydryl

S ints, nuéleoside phates, nucleases and antisera.’ Progress i




the std of thiss cnzimes m n—llhn uu- has ‘béen hupated because
:hgy arehard to piirify, . coupled with a 1688 of ‘activity fn sepuntlnn S
+: DNA polysierase activity of n-nlinn non-.

“procedures.” In gener:

.!ym:hxenized cells has been shown to be duznlbuzed 1n bo(h cytnphm

and nucluz fucnuns with most rf the -cuv:b in tl\e eyto-plsm (Jm\uz

Long an (‘un‘an, 19725 chiu snd mmg, 1 72) has hqwever, denwnstrated *

dif!aranezs bg:Lun t)\u mklear and' cyzopuamc enzymea and- even tytoplnmic

1913 lev-stlv-, 1974).  Mos

£ thua investigatioss have appuml mm-

“these stliies were initiated.

It has bon sogiited (snvxumpoul t a1.,1971) that the

a).ucida:iol: of “DHA biolyn:hash requizes the Isolation of a lmltlmzylg

cupux, vhir.hﬁm effect the mwlnd!ng Of the DNA® tapln:g, as. vd.l as u;

e,mxogi 1

,' ‘, tepalx md llg-tlnn.

RS T S nndlng of 1its biolagicnl role 1:, thie, cell cycle lnd espec-

1 itih anvefesdsent |

1-111 its'e m ti.lsue 1

Ebr BNA




.

appnrl:unil:y he:umes posslble for 1nvesti.gn1cm of 'DNA po].ymerase -

i L activicey 4n'the eut:htum.a:in and: he:eroehroma:in of Vatious tissues. . I i

Protein sznlh s _‘ i A

iz -pm:em" nthesis in ‘erhzinakin faksds U, 7 R e 44

s - DF’ saeds— retain the 2apacity ot amj{n ‘actd 1ncorpornixon; .

e several studi*s have. Shéun ‘that seéds contain rihosoms ‘capable of

“protein’ synthesis as well as, preforned. mmm (revlewed by ‘Ec\ulte:, F19705..0

ot Zﬂllk und Janes, 1973 Mayer and’ Shain, 197 ). Upon Lmbibicion, ‘The-

sses a! the

’ activnticn of pronein exnthlasis 0%, be, i+, Sustt pr’

1nfcmatlen of ‘polyners_from xisdng ribosomes and mRNA . (Man:us, “1969)

“or ribosnml dissociation into- subunite befure the ettachment of m.RNA

(App t al., 1971). A’lthough low 1eve 5 of amino, acid incnrpmal:ion can -

bodetected early in, geminat.ion, there /fs doubt as“to the early f’om:mn

of ‘protein prochts: Preformed mmA's have ' been suggesned

o he presest

}aary sésds, but there 15 1it:1e evidellce of. protein fomation £rom

J’ : . . such sr.cred templates (Ihle snd m.r »41972) and somé stadies (Hz’rcus,

"1969; Wal:nn and Soofd, 1959) noted no distimct. protets fumauon bEfar: S ]

maicxe prulruston‘ Exparimenr.s vere’ designed J) deternine aminu aeid mv

could b eytalogtially 1o vitro in the nucl

Lt of sithex dxy or getmi!mting nninn seed tissues Althongh nvesugamns .




m}ciei to

" sini:

infurmation Lwrsilabla for . the P of the complex

ptobein synthesis n thie. nuclei of \mgsrminated seed. |

11 Establishmenr. of a eyt e for nuclear

con:raversinl or at least. two- decades. ’l‘here hsve been irmumerahle .

Ty most, . autarndiugraphin dntaida Euggas:ed a xole for |

nuclel (and nucleau) in protein synthes:s, bu! peytide migramm tu and

ftom nuclei is well lmvwnu It has beex\ equally difficult to pxove that

ma ptotelns kngim to. he ptefermtially ﬂssociuv: d w;:n l:he nvieleus

(e.g. histones) are actually synthesized I:here.




7 nuclgar bratein synthesis in at ledst some species o mmuim

i mmlear speciﬂc inhiblting hlstcmes (Allfrey and Hirsky, 1963) further

i ‘There:ate, hddeyes; saveral ‘sesdiplaces-of evidéncs. far

uvez, nuclenr prutelns are mpidly labelled 1n vivn : and’inhd

ll:ion klnetics differ from those diapiayed by cytcplasmic proteb\s

(Kueh], 1967 l(uehl 1969). Nicleoll of Hela cells can: ulectlvely

fabel proteiiis (Zimmeman Gt al.;1969), thus making contamh\atlun :

by cytapmsmic components \mli.kal.y !rthfxc:s, sin:! 1n the la:ter Cﬂse ’ g
types ‘of protetas wnuld have: been’ Labelled, ‘Ge of tha strongest
rgumen:s for 1m:ranur:leat gtotein sym:hesis ds the fact: that “ailng

adid.” uptake in, isblated nual&i from calf zhymus u not inhibited 1n Vo

by ‘the pesence’ ‘of bigh cs : wf riboniclease unlike oy asmic

lncorpm:m:ing sy§t’ensu.hich nre inactival:ed by :mce amounts-of 'the

enzymes (Mccarty; et 1966) This is cms‘istentl with a prouc:ive X o

tale ﬁfﬁorded to the nuqleat prctelll synthetlc Lmnplex by the nuclear

i Cmvarsely, the fnct that DNAse carl enter, the micleus -and:

1nh1bit amino acid 1ncnrpo':at10n. (AJulfrey al: Al ,1957) 'by r!lease of . J

aubsr.nntia‘:es evidancs for welear protetn synthesis. - Stror &ev!dence :

sfor pratein synthesis in thynyis _cones frum the' demns:nuen' of lln 2

depsl\dzn: pto:ein synl:hesil, ullete o4 ha-s ‘beert shm ‘that the Na iona

are invalved in anu.m acid mmsparz (All ey e: 1961 Tsuznki, 1969)




study on” the oration, o L

ezpl' nmlna ae:fd!

(lubelled with'various FoLupes) irito tissues of diffe‘rent .mammalian

pecig i: was " ahmm chat after an. 1nitia‘1 brief perfod ?f equilﬂ:ratim

oo ﬁree amlno acid puols in the nucle\le and cytvwlnsm, e lncrease i

f ‘pmaxn mdioacuuty ulth eise 1s dhe same in the nuc eus and tl\e

cytoplasm (Schultz et. al., 1965).

Nevertheless, i ‘can’ be Argued (Gﬂldstein, 1576). tha-: since an

Bvsra e wmplete protein m Iecule is ayn:huizeﬂ 1n a minute ox twg ¢
T

! (Dintzia, 1961) and if diffusi.nn across a call &kes rm/l)' a fracr.ion

‘of -2 ‘Second, e 'radioactive amtno, deid inc orate into thé

‘mceu\ could appear in the nucleus iin o o ae:ondSA

Thus, it .can’be seen that demnnstzacion of an dn ‘vitro cytologic

Aystem Enr ‘amino: scid incorpotal’.ion cnuld also cwntribute ‘ru the ctmr

tmversy over. ahility of, nuclet :u’cm-y o ptotein syn;hesis. m
i A -

these stidtes, both dry and geminar.ing seeds Were used, i1 atteﬂpts tor !

vitro aning acld d.!\comoratlun. g cunjun:tion with

i demonscra:e

Bbellil\g aisplayé by dry seed tissnes, ultnstructural nhlervations

on possible subcellular incorpozation s1:es vere alao 1nvestigated.

“Methylases e . C Y Ay

1 Nuslete actd ‘and protein m:hx]ntian renctidns m ;
= !eminating aeeds & N




muctetc’ acit a8 pmems have beei obtained Fron plants‘ ¢

“lack of 1nfv5ma:iun ) the! methylation of even | pecies. which' have

~been ciktensively imvestigated in anim.al tlssue:. It Has been demon- . - ¢

strated, - hovever,. that “thé plant Ylgmbqg gib_bereuxc acid can enhance ST

_the methylatfon of both transfer and. ribosomal RNA speciés in ehda{ﬁem 2

:issue (Chandra ‘and Duy'nstee, 1971) ‘and methylacicn of RNA qumponen:s

fujx

Lin” nuclaolar rich ﬁac:lqns of ‘pea emb:yos Has beén, xeycrted (@

A 'recent lnvestigation (Jakob. and Tal, 1973) s puinted

* out the: difﬁculc_{y of s[udying plint RiA me:hyla;ioﬂ reac:inns i;uh

methylmethianme dué” to, “its xapid fncorpotatinn 1nta pect_ln, whi h is

hard to Separate electmphmecicany fron RNA,

o . g N

I Estabitshnent 52 cpoiogical tichnige for

VAE s g s, e mettritee

;uule 1aform on fk lation in' other lecules. The ptenence &

ma:hyla:ed bas&‘.—md sugar l:cmyonenl:s m transier an r&bﬁum—l-iém—uk

well Estﬂbushed in” the lsst decade (lntek and Srlnivasan 1968)

33 and nmk 1966; smra a Sells, 1969). nemymion prot .

i wnd B S sﬂniv'




.' (A Ammugn NA r-thyladnn Has 'doi* bekn Lnl’.anlivgly studled. -

bnrh bactedll ul\d eul

% polymr 1=v=1 (Gald et

1§65 Shap‘lm, 1963). The fnﬂnciun of pNA ot

mthylatlnn In ml\l,ll cells, _m mdlyl tiuﬂ bl!l.nl lTor!ly after’ f.he )

stert of DA sydthests, but =ay concinve for several hours or even’

pl.uys o vols f,n

ocher woFk (Sﬂ.lbl




i Nuclevptote s are also Iaiown. to bé me:hyla:ed at t‘na

{-pulymar 1evex'kaik “and Kin, 1971) vith “individual aning. acids g

«heh\g siethydated by, specific enaynes, The occirrence ofmweh: T L T L

) methylated re!ldues in. nature is very’di’vexse But :his m Ltsel.(

suggests 2 unified flmctimuzl ot for methylated pro‘teins

ol r.his role expresses il:seli in' mdificulian of protein :trm:zure

mitqsia The me:‘nyuucm nf hﬁs:ones could s:aMll:e chromati.h‘ "

) Cructure 1x| pz:epautien fur cell ﬂivision‘ Nunleup:utein methylatian

3 has been -  mataly

nc:rned ;ﬂth histnne modificatlnﬂs although there *

" throbosémial prntein methy]a(inn (Goodmanand BenjAmIn 1973) Ut‘her

wutk with* ani.mal :mues (Paik and' ki, [571) has smuuy demansr.nud

that little m:hyluuun ncuurs throughnut the m

cyclh except du!‘lng '. o |

ilate § and Gy ¥ ph ses.

N ] 3 Gl Thu.s, al\though alarge s niber af ma:hylnses are’ knm to 'be .




o .t:empz o deménstrate the pccnrrel\ce of - methy.lases in

m\'ulved in nucleit al:i,d and protein

thyl.ntlm nnmuns, Fnﬁumntlon

“on such palymer mndiﬁcauonx 4t plant grdwth hss nttracud ndtxe ate—

entian axcepr. fm: a few reports on_ RNA me:hyh' on.” This uudy 1% an S

gu‘mlnatlng seexn by frnzan secd.un autoradiography.

P L Ll

Beéidgs methylation, another enzymic’( pgmcuu‘believad' o function

i nhzmnbin mndlfication by glycosylition’ fedotiohs was invesziga:e

" the ‘misclear eniyme paly(m)p»xzbosa)polymerm Has ot réceived any

% in, plint bioch < Ipitial- e were eed w0 -

eetnhlish t'he anzyme in gernll\ating seeds hy b;,p,ghemicax tu:hn:lques. This |

wwas fallwed by utt;mpts “to, demo ite' thie enzye, cy tologs ally in
i e i

] geminnting and'dry. md tlssnes.

* II-Establishment of

71, Sugtaura, 1993). - The pg

T,




tcchn!ques, in vifrn fm‘ I:he chrmtl.n bound uu)'nes (a) RNA wlynerna!

: Burlettl') veu pxxs-ru)rmd in‘these & mdxq. In the

em—ypnxn s umm-unuma recnpuuble epm:Jl, pmn-hm.

- cotyidonary sories 14és :otled in thn endospert (Figure 10)." In some. ‘

\exp«:inenu. unspmund bulb roots which are embed'dgd o vurytn rlerree




Figure'l.” Schema:.ic Diagrums of A an Onio Bulb 3. an Onion’ Bulb

2 mmt Tip and c. ‘an mx'lcn Saed

_The basic anatomy of .gefninated onion seed' root tip'is i

. stmilar to B.  The unsprouted huld roots are embedded -iri

thel buib diag, 'rhroughout this s:udy the tern sgrcucing

will be used for xront tip Protruslon from the bulb bis!,

and gemilmtian for root tip ptntr\lqinn frcm the’seed coat.,

The term oot

el Wil refer to a growing root: qhe

*'tem radicle will novl:vbe use lly seed brzn wi.ll be

o meane the whole ru@menmy plait’ aiclusive of enrlosp&m. -
+ . The core of: the embryo Wil same:mas for conveniem:e be,

. generally refarred co

5 the. vascular cylinder. B. was *°

taken” Erom iénsen nnd Knvulj ians (1966) and C. fram Esau

X

Ky
é “ases). L
S




endospern <€ 7
SN s
TN coriggpon -




- RNA polymefase . .- .

. were sectfoned ‘at.-8u in a cryusr.a: (- zo c), piaced on m!.croscape

sitdes And drted for 510 minutes 1n 2

: gzeen tiouse’ aid stoxed ot room temperature

.!nl

RNA Pwlymerase activity ‘was invest:lgated cytologically

by a modiﬁcarxan of nsher 5 me:hnd (Fishet, -1968)..

mmle seeds:

va:mm dssxccator at room

tempemtuv;m onion bilb.dlses vere exclsad, frozeh in"a sl:ream of |

€0y a'nd sscticned. Thé bulbs . used here were grmm i ‘the™) Beparn‘nental

t‘at 2—14 C. lides ‘were

placed An Pgtxi dishes lined with filter paper soaked in "2miy dithiqthxeir_nlr

@)’ and af fnately 0.25ml of o'vas added to each siide.’

The assay: miitire ‘contatned 40mM Tris-CL 10 i{gcl oF Mg(QH,C00) 20 'udmk_

- KCL,-0.5 EDTA; 1t OmM arr; 0. 25mM each of G2 ATP TP and 50 or 100»

‘z/aﬂ—mr (sia.

slides in. ;acetic acid: eth.'mnll (1 3. The slidé

21 ot miD  The reacb:lon was s‘ggppad by ’Y.mezs}.ng

ete 'i;g washed:

Sy Autoradio-

gxaphs wre prepared by dipping slides m undiluted NTE, liquid emiilsion

)
wich SX trichl,oroacetia acid (TCA) !‘or !0 minutes at, %o

(xodak)., Afcer 4 days the sl1dds” ypre develuped and statned with acidic
az\lre B Controls were carried out with psnueat‘l: RiAse (1 mg ml

sodium acetate, pH 5.0 or Tris, pH 7. 5 bnffera) oz\ pancrea:ic musu (1 g X
=1 E

in sudium acetate, p)l, 5.0 huffer with smi HgSDA

To :u\vestigace 4n vivo ‘RNA syn:hesis, ‘seeda were hydrated for

varying perlods with (a)’ mgm 1090\101 ml ll~ ridine (B a: 122 (=3 m'M )




. of the seed stock viable In all experime ts E

Tissue p¥ n_for electron oy L b

RO the -:umplete nunlentide mixture used for. Erdien secr_iuns except

co1a, uéldotides Erom 0, 25%3mM and H—UTP Erom lDU—lOOOuCi “m L ere-

Eried in Ehree, ‘separate experl‘nents using prbgressively ‘hlg‘her con-

of ‘ In each a bateh of seeds vas

con:lﬁuously expused to the uuclentide ]uixtute or alternatively after -

3,6 19, and 12 hours of gruwth was: ullaed £4% ithree hours.

1ncubs:ed in the dark at 23%; eltier: tatdct ox strer slicing off a
potl:io'n of the seed coat. to anmsnan the problen of seed coat nucleotide

meemenbility. Hydta:iun ias on 7 cn? pleces of No. 2'filte ‘paperdn '

Petrl dishes with 1.5 ml.of precursor. A geminntion test rwealéd 95%

¢ Teadt 10 seeds vere : . |
taken at euch three hour 1m:erval.» Fron ‘seeds itx d in acetic ‘acid: :
e:hanol for at ‘Least’ 2 houu, Su paratfin sectioris ere processed for
autarndlngtaphy Paratfin décttons: viare ,ptepal:ed according to- routine

yrocedures (Jensen. 1962). From each seed smple at least 100 5eczions

* vere Exanned " To 1nves:igste in vive RNA sytithesis in’ Dniqn bulb mots,

\z or'8 munth ald bulbs " wt{ru BEown 1n mmm BH—uridine (s:a. Ca C1 by i

the ddrk at 22 c. Graini ‘counts ‘were mzde from 5 sectiﬂps of: paraffin

embedded :Lssue. Severa bmtches of bulbs were used for: ﬁ uridine g

1ncorpurstiun and” reu:lng tes:s.

3 # L

mean,




al
{
i
1

and glur.arnldehyde P zoom Na, m>o oKL 70 b\lffer PU7.5

at’roon :emperacuxe ‘for at'least ome hnur, rl!\sed in buffer several’ tines

and ‘postfixed with 050, in phosphace buktats. Tissues wére’ de!\yd:a:ed

“wi'th athanoi .and vtopylehe uxide, eabedded in Epan and; cureﬂ at ten-

peratures from 3 —60 € over apprmdma\:ely 2 days. sections weke cut

with ‘glass kﬂives on a Portet Blum ME 1 ultxamicrotnmc, stained mh -

] urahyl acetate and 1eaﬂ citrate and observed with a zeiss 95 electron

“‘micrdscope. . Half micron : sec:iongfor- iight microscopy were  ssatnadiuten

T F

basic tolutdine biue of azure B:(1% Solutions, pH 11,0).

Several procedures vere' triéd to prepare endbspern’ tissues. for

“thin sectioning. “These 1nc3'uaed @) dtgsolving fixatived id various

'buffers s phosphate, cucodylate ux‘ collidine (b) fixing with di.fferenl’.

itempeumre (100 c) lmediately aftez :issue 1nfilttationr(f) snbstituting

Spurr, embedding.mcdi with a’

conbinations of parafomaldehyde, glucamldehyde, Gcroletn, emd osnic acid

: infiltrution step “from 1, hour 0”1 week under: vacuun (e) c\lting at hlgh

! embedding pra:edures were not_ tried, E B 3

- The’ methyl grean—pymmin method was_used to.differentiate batween

"N and DNA on parafﬁn sectiuns (Jensen 1962)

epeat: of i Sovk pruceduxes. Methacrylate

(o) embadding with different prnpm:r.ions of Epon resfns (@ varying the ! epcxy




“Detection of G, cell nuclei

onganl bulbs ere exposed for varyiog pertods to wuu st

B hymtttand. (6.
were lmhlly ‘ﬂrﬂﬂnlled ‘on 7 ul: pleceu of ND, 2 fllter paper iﬂ

6 7‘:1 oM ) dissolved 1 distilled wa(ark Saud-

n:u dfshes’with 1.5.a1 of tritiated. premlruvr. x.m s seré exelied:

. and fixed i acetic. ui.dx‘ethmul i) for latleant 2 hour; * e ups ‘

zuned and' .squmiad ‘according to ‘the reu:.g .

wax'e hydrolyud in IV KCl

procedure (Jennn 962).  Cover ‘slips were temnvnd after freezing |

Tigutd nitrogen, ‘ehie slides dried, and su:mdugnn.e S1ides vere

developed after 7-10 s, Quiescent: Foots were also diss cted' from

L e bulb d.'l.:c, expoaed to 3:;‘ bymidine for.0.5<1.0 hoits el lseﬂ
Plrafﬁn sections’ Her:)prepa(ed from: bnth qnluuﬂt

fof autoradiography .

£

_and_sprouted enton bulb roots . mmad, to

t0:5es if the Firat calls to enu'
tisbue(s).
(rA"A) fz'o

4.
phase were confined to ey parcicilar

Some qu!!lcent “roots were fma m fo{nliral:el;ln .‘ d-ethianol




o ik polymerase

| it 82 n), 0. 250 each of d C1p, m, m’ wom 3“—1'1? . a

i 17 Snif_ M (CH, coo)z, or. Mgclz, 10, T, in one experme?t u—a ATP.

stead of Tris. Separate’ ex'perl 21 ts were perfnmd vi{h-the basic

imzubaziwn m:lx:ure minus eac y/of, “the deuxynucleosidas amm.] 31(,@ TP -
(s s 1nc1 e ) substi:ut g fcr 3n e Ethanoi. vas resoved-fron the

1sntnpes under a gemle c(ream of N béfox’e use. , When N ‘was: nﬂt avau—

e GBI S W S o

“ . able compressed air W uged. No fanilities were available to chel:k fcr

slir.es (60 euu y

of fresh, xoot tips wete frczen 15" Ca) N, (B) )

(c) at ‘20 < incubn

d in 'the. sssay medi.\ml. hx\mconcenzrauom

oF in the incibatio mme were from’
st refsed  fro

0 H5-2.0att An sm:cassive ex'petiments. Whole b sliced :Wts wvere also‘ i

_- shaken fy(x{ 10-15 minu:es at 24°¢c 1n & suspensinn of 1% toluene in 70mM

H 7.4) (Ho?es And m:hardsan,\97n), ringed with, buffer ‘and

sssa);ea. Tissues were x:res:ad with, DNAseT (IODug mE enzymé, 5it Mgsn,,,

-

Tris=Cl PH: 7 4) or muse (moug w17t u\zyue, Tris ol pH T b) afl:e

mcubamn or. alternatively DNAse, w inLlnded\

“the . 1m:ubatiun mLx:uu

A:tempts were mnde to activar.e the: tamplam wi:h rying cnncen:zur_ims Y

i /V of (a) DNAaeI or (h) inerease. activlty Hith exogeno ATP Tha Bulfh dryl

(].mu) yere vmlad as inhibi:oxs in separs:e xperinedts.:

In\vivo labelling. '

[

\ was wuh H—thymidi‘ne (s.a. 6. 7c1 ml ),

- X mqu_ia nir_rog

°C. For. the -20"c temperatize a refrigenn:or vias used.

L vas substitumd for n—m ‘and &1y Lne-Na(lH (pH 9.0) Butfer, was: used. in- :

reagents; N-ethyl maletnide, (NEM) (1a)" and p-chlarometcuribensaate wam) "

puzity Bfter ethnno evupnratiun. Benides 81 cryontac sec:ions whole’ (excised)

("2) hoils at -195 s C Jand sold :azhon dioxida (co Ymelts™




.

 bedded 'and sectioned. at 84}

'Paper in. the. durk at 24°c were usel‘d i

& sliced (GO-EOu) "roots were tncuba:z;l pex‘ experiment, s

se«:r.im:ed, The incubation mb(ture was Essgntially that-used fcr de:ecclun

e
* the" concentratinns of nncleondes vere inqrgased £ 0.5

greater Etruc:ural integtity 1n the hypotonic mcupatidn nédia. Con-

of

Gas, of tissue were paraffin eu-

were: developed dn.D19. <, 0 7

(Kudak) aiter 14 days exposure

Rco: tips, A1.5mm lung, fron seeds” gannina(ed on moist -filter

‘the” studyl preliminary work de-

monstrzt!d thiat the labelling’index after a 1 our, p\llsg with’ H—t:)\ymtdme %
i %

reached a’ constant “value (mmz) at this length. In, i vitro experln_e!lts

(except on the. Bt sectims atf id % lnic!oscope sudes). ‘ﬂve; “Whole or '

To,”

CDNA palym.etasa nc:iviry m dry seeds, embryns were

: lndividually dissected from dry seeds u:lth a dissect1ng mi.c!‘osacpe and

Tof: oNA polymerase act}.vit:y i@ ac::vuy gruwing Tost marlstems except here

mi, React nﬁre\

cemina:ed with acetic agids ethal\ol uith Som™ NaP, 07 aftar 1’ hour. Cine

qu'bati.an at 32 g, Preliminury abserva:ionn d moz\strated that sections» of 7

':he “dry embryo,in contrast t§ :iss\les £2bn germinated see_rs sratalied 3

;equenuy, Seétions yere m‘t plated on miuescupe skides for.ensme inc\.\bati.on

,hu: were placed difectiy’ 1utn vHals wi:h 0.5m1 of the 1n:nbatio|| mixture‘ :

After :eminam’on uf the renctioL the mi.xture was centtifuged at 500/ ¢ to

pallet th/e/sackiona. The' sectinns were: r.hen washed several: times wlth cald g




55.1CA,. 95 ach;mol and 'echyi ether. Sections were: Elm!lly suspended

in'50% e:hanol, spread on xiteniscos dltdes vith a Pasteur pipette,

) dried and autoradiogra hs were expused fur 21 dayan

e, - T " In: som? experm“cs cyclnheximi,de vas added to inhibit pmtein
syathesis (£ any we;a occurring on the tissue sections 1n the assay.

U ediim) . Ptellmﬂxaq inves:iga\:ions demonstrated the efiiciency of

cycloheximide as a prvteit\ EPnthesis thibitor in jactively, grwing

L ] " oot nefatens. " hole roots (5.0
;. . L g

'S lencine (s.a.:3.2C1 af* or, 3H=1eucine + 25 ml” of r_yclohlemide

*Omm, 1ong) swere expnsed to mouci

“in, 50m.M '.\‘ria -C1. (pH 7.3) fm’ 1 haur. In autoradiogranhs exposed for 1

week pmvascuhr, cortical Bnd Toot cap, tissues vere cemplar.ej* \

“"blackened' (bom nuclei. and cyl’.oplasm) while in cyclo‘he’:!imide cm\trols

only a. f?w ‘srafhs appeared.

[n xnoth? expet!ment 100u RN.@;E ’was

', added to'dgstroy uny £unctional translational’ system in the dry geed

sections:in The sulfhydryl 1|\hibitors NEM and pCMBIwere usad at “2mM con:

! cepbration. In an attempl: to factivate the template! of the dry seed, 2

 Goncentrationsof DiAsel ‘Fron 25 mg nl] Lo sougnd

V % 3m‘M ATP or’ other nucleoside triphuspLates weré. included ’in the 1nc\lbatton

. 5o 8 M Atzempr.s to permeabiuze small sllues of r.lssue itk txrluene .

o | 7 (oses dnd Rlchsrdsun 1,1970) tastead of ‘freeze sectioning, ‘were :ried

¢ put abandaned because: of insufficient a:r_ivlty. e

Prelininary ‘experinents ‘Indicated 'a ‘lack of in vivo -thymldide or

“amirio actd incorporation for several. hours (330) similar to early Teports-

|
1




pq‘a:ain synthesis ‘and -thynidine for DNA lynthul

e i e B S

. were preparsd md lu;oradlug.

to demmstrsr.e ‘ln vitro DNA polymuse ncu\uty 1E they dn-p.lnyed g

cvm Fols mnm. ‘the sirreu o5 plusm., _’ 1y zux .

~ "'t 1oOf, the- nnimblde ds’ contafned ‘sufficient cuvity fnr analysis.

,Td all DNA polymerase elperi.lentl, asshy nlxturu with added’

he1 vere utnred frozen st 20°C.uaedl used’ (usul;.y 16 wesks).

zen sections were prépared from ‘ungerninated onion seed

.7 tisses and bated with exogenois 1 0NA o1 The -

as.uy medium cl:mcained SDnH Irls" (pll 8.0), 0 SIH elr_h of d m d ("H

trie. W 1 mg pu\:u’ied mxerococcal DNA pulymktaae (Sigms) l‘llsues were frpxen ~

Lnar.ud of vm-. ooz smmu‘




"Sith fine forceps. Tissues were washed with. old 5% A (10 w1 voluses)

'disczued water.

Y the mml solu

- of Hmthymidine (ZSUUCL ml

'seeds vere fixed in acetic-acid: e\thanol, the embrynnit axis .usseue 3

N par_afﬁn sections. in tnvitro. “nts with exogenots DNA poly

. yulymerase(!)

one nhif way ‘within u\'e axis cylinder: Sgccienx were then, altematively

colleccad for cont‘xol or experimental 1ncnhationq at 30 C “for 1 hnun

meactinns vere . ‘stopped ‘with ace:m acld! - ethdnol! and fixed “dversight.

Sections least c[isrupted were : collected under a dissect'ing ‘mickoscope

{no centrifugation) The

in vials and allwed to set:le for 15-2“ min,

. TCA -treatment was repeaced And the s:ctinﬂs washed with' cold distilled water

until all scid H-!S diluned (by pH che:k) Air.er remaval of the TCA the

sgc:inns wete b:oughc to room temperacure and tinsed twix:e more wich

It: is nDt krmwn if the. long \paxicd uquired for washing 4n

n “caises: any Y bydrolysia.

To check for nhr prese ce . of's phase I:Ells An variaus regions of

- the embryonte axis, seads yere gcrminaced. until the’ radicle had protruded

0.5<2 ;0mm Erom \‘_ha ‘seed coat and': xposed to.a high spe:ific sctivity no}_ur.ion_

,.s.'a. 6,7C1 mM ) After‘4 ':u 6 h‘cuts exposure,

uky

wﬂshed ‘with TCA and Jllstilled watar, pnd au:oxadiographs were ptepatcd fram %

autnradiagmphit ex'pobure time wus reduced tc 7 [days; (campzred with 21 days

iet endoganau.s asiays) cn reduce activi% from conhaminﬂting endogenn\!s
F T s




it 8 B . pmine acid iheorporation . . il | |

¢ Frozen sections (‘z ). from gzmim;terl seed rac?x-:les .

[¢% 5~3 Onm) and epdospern were. 1ﬂcubaceﬂ for. 1in vitro antno
P e

| ; " hcid dnesrporation. The assay mixture cbntﬂined 5om Tris~cl

R [k:8.0) zs‘du mL of a gmmea angno‘actd mix:ux?m:ainmgj

the labeued anids, ‘alanife; arginine, aspareic aeld, glumuc

A scid. glycine, histidine dmxypranne, moxeucmeA 1em:ine,. .

1ysme. methionine, phenylalsnine. prolina, suine threonine,“

s '_tyxosine vallne }mn Hg(CH cm)i, Zsm KCT,

ZmHA'l? J.mMGTP. % v‘\

5 Oelonextitide (100 vg 1Y) vas added.to. sohe 1ncubaticn

Sections (tou) vere, Jut £iom dry sed -mbryus and meubs:ed'

g uith the sa.nezasszy mxture excepc here 'contrnl' reactions con-

mned ‘an zmalogeus mixtu:e'( '057:’) uf unlabelled amino- aclds: The.

dn emhryo sectians was tested ZSUCi ml‘ uf H—phmylulanina'

m}l Hg((fﬂ COU) 3 0. bm.u (

: 4)
“ 1&“01\1& (62 7Ci mM). Control- reactions cuntained a :omhiml:ion of

504, o 6 Mncl?, ‘1. 0mM dTl’,

100ig A1 eachy of e\\1o‘amphemu11, eydiohextnide and ‘pyronye

&3 All réactions were stopped with ac&tic acid:ﬂ_ a:hanoL aftek -

- L fincubating For 1 hiout at %, ‘tdesiies. vere xinsed with 510K, and_ . - o %

suwiagrnphs




- lagateion ko aasny mixtures which were stored fruzen at -20.1 c.

Tu eheck for. passihle sites of ‘amino acid 1ncal‘pul‘atinn

in. dty embryos, preliminary himlugicul studies were car!led out

by light nd elecmm mil:rnscopy & sackgm\md 1nfomatien oh, L
1

‘histolngy‘ was’ ptu\dded by hlstuchmital stxining for variuus suh—

.emncgs on. fruzen or paraffin prepared sections and by 1nspectibn

‘of thick Epon sections. (0.5 1 Du) ‘after tolulding blus' of azuré JB

i Por Stochemical _' tion of el s " . the

inllewing stalning reactions were. petfomed (a) Millon for protein

v (b)‘ Petiodic. actd-sehdse] for- ‘;'i avats (o) wethyL s-pyronin ¢

> fot DNA a.\ld R.NA (d) sudan—black-B for- lipid xnd (e) lcid huemtin ior

phnsghnllpid (Pesrse_, 1961; Jensen 1962) To. check for, cu!bohydrnte

'l:onmining bodies on Epnn sgctims, the mev:lmd af Jacnbsen (Jacobse

1971) was used. For elec:z‘nn micr P :iasues were

‘selds were gemsn.ced, radicles (1 53, Omm) ‘excised; and Languudmal 4

(i Blices (apgroximately 100-200!4) were plqced 1n an assay mixtul'e conmining

rate, Onion




‘@ S0m. -nns—cl (pH !7

% 190m ci: n\H ) (b) SOmM Tris-cl (PH T8y lUmM chl 5 150mH e,

1. 0m rn'l: 0 St each of GT2,. ATP) gre, e, “souct H—methyl methioni

kltermgtively, frolen Sections nf germinated rons tips were mcubated

“dn solutign (b)) .- T A BN

I jvent exp : crosyl-nithiontne’ (SKH). vas

- wsed as methyl donor. . ‘Ethariol was. removed, fron th¢ 1gdtope under. N,

'and the Iy 50, pa}nauy .{ém:‘aitzed' witﬁ NaoH before h"ixzfer,msﬁion

‘L‘he aAsay mixtu!e wx\tainzd SOmH Tris-cl (pﬂ 8 0)y, WKCI., D .02mM dTT,

soum m1

| 5. adenday?: L-\methiunine— H—tna:hyl (Jm 73,00 mM 5 Progen’ *

secrlona from sprauced bulb roo:s (z~ 0-5. Omm): vere alsc usea.f

To :heck for theor 1xéd. t1s5ues

oration into DNA lor RNA, pos

were, tréated with euher ‘DNASeT (25Dug 1 enzyme,.

0.3 ug(cuscoo) in

rspstiig water (oH 5.5 adjus'.ed) oF Rlhse (ZOOMg i

wazer 1 5.5 for 2, 5 hou

In some expertments trypéin (AOJ'; m1

" was added ‘to’ nctlvate DNA me:hylntinn (Tos{ and Scmma, 1973). v

VI reactims were stopped with acetie, aetd: ethanal and ‘tixéd .

for a’: east twu ars. Thick tissue-slices were em\:edded m parafﬁn and

antotudiographs prapared. . Frozen eecmm wete washed: in TCA and’ xinsed
4

it distilled water ovet a ‘per/iod of ‘several hmn:s simtl{r to che pTo-

Rndure, For oA polymerase’ tempiate cetviey,

osed fof 7-21.days. . 't 0




3

.ethyleneimine (PET) ‘pla

“at '27°¢ 2.l of elion

2, Ll ',r‘

35 3m NaF, 50a-KC1, 3.0m arr souci m1” nicotinanide adentne_ dxnucleotide

H-aden1ne (s at 3.46 ci aM ) (lchmann et al i 1974).

Incubations were
for L hmxr ac 25°¢; sitoradiographs yere prepared as Ear methylage "
assays a\'\d devzlnped aftar 7»21 days expnsure 2 ‘! el

’ I’ blochemical assaya, 20-30 em\:ryus e Hasscted Srom gy’

seedsy homogenized 1n 2 ml.of the assay m.{x[ute, and incubated for 10,

minu:es it 27%. " The ¢ reaction was stopped with 5% cold. TCA :md Jehe pre-,

cip‘ltate was hald at 4% gor 10° minuCes. “‘7 precipitate cnliec:ed By ’

centrifugation at 2000g was resuspende_d and washed with 5% Tca (reyeaq'

3 tines) ‘and diss-olved i 0.4 5ls 0. in NaOH. After 15(minutes ‘the'

gollowing werk added;~ 0.4 ml 100w He1, 0.4"m1 200m Trig:cl (pﬂ 7.5)4

0.2 m 100mY Mg (CHL1C00), and cype VII snake vendin phosphndiescarase (100ug)
(Sigwa) Possible i

in s were

_at an‘elevated and lov pH

1971)+ “Upon additlon of purifled' phospho—

nixture. uas[im:uh.lted for 1 poie at 27°¢; 4 mg ‘ot

Banol was then sdded and the solu:ioz\ stored at —20 c.

Aliquots of. 'the solutikn. ers applied to thin layer celluloge pn1y-

S (p:e—washed in 0.9 M al etil: acid) and; run with

m acetic acid fo 'the’oriin followed by o9 M “acetic acid:

0.3 M. 1AL
’R.ndiochromar_ogtams were schuned with a Packard chrmnatogram seanmer.




chmms of dry and” im‘bibed sead,  were incibated with *H-UTP. Tncorporar.ion

1s iniciated very fapidly and vas evidéntiin 15 minute: sumples‘ of 'dry séeds’

" (Table'1). Endospem cells (approximately 5074) dgmnnst:ated henvy nuclaoinr

labelling after 30 mlnut;u hydra\:inn. Ai:er 1 huur, at, 1eask 80% of the:

i ‘cells were’ luhelled, a valuef‘of 9\174 being rean:hed by 2 Houxs.. In “f

4 enduspem all perfods. of lncubat’ton displsyed cellawith boch Aucles~

|

| .7 plasiic and nucleolar activiey. (Figure 24D, wich nucleolar incotporatian
i . ” * -being chatac:eristiczlly disum:c R is not, knuwn I:q what extcnt clusce:ed
| | 4 or Eusad nucieolar nasses glve the “ales" dppearaniey BE Heavy nul:leoplasmic =

Booiga 00 s 1abglling o d{snnut n)u:leolar Labelung ‘was| detected in emhxycnil: tissue

until after 7 hours hydrn:iwn, in, this periad uctivi:y vas ‘distributed over

‘7, the nremam (Flgux'e 3 aisplayxng a lag bE-1 hour. before b8 initiation.

Bven after 1 hour, l\nwever, Labellin extended roug] ths vhole |

¥
aite. | The exact ti.me of ‘initiation!. of mlcleolar ac:m}cy in the embryo has

2 .. mot been dacemn\ed but sampies, of frozen sectidng fxom seeds hydxa;eu fo: 8

12, 24, and 30 hours display intense nuiTéolar mmrpnmnmn. Only fow -

.'hackground' was seen 1n cells viien DNAse ‘was Jincluded in- :he enzytie >

‘1ncuhat1(m ‘Eixtire or when tissues were pust treated with RiAse.




e i
5 5 Table I. In Vitro Incorporation from 3B-UTR 1n" Frozen Sections Onion’ Seed. - :
2 g T 2 3
e €& o ] ; e N .

‘Presoak time Incubi
Hhie

.‘, e

tion time Total hydration z ceils iabelled :
hr) 7 (hr) !ndnnpgr- zuhxyo and Ooty!edon 34

= -‘. . _. - . =
0,00, gl tT0,250 -0 T 0,25 5 L 17 Lg% ¢

0.2t g

LS 43,00

Je:000 T 100 © 8L+ 0.9

LL00 T 1,00 i

CR00 . i 300
1"_0'0.“. ;
26,007 . i .1.00

noi

v = 'l'he ls.ny “mfxture cunuined 0. 2§ rh } 0.04 M Td.s-cl ImEfex PH 7.4, wﬂ l‘kCIZ,

]_Soaq Xe1, 0.5m4 BIﬂ‘A, 1.0 41T, o, uﬂuch of cre, . ATP, CTP and 100uc |

e sm(a..zxm-u )._ <

from 10 naed-. i

‘."'-

sagples fgnm 12-

w. " experiments.




In Vitro mcorpnnr.um from 3|Hrr|: into l)nhydra(ed onton

Seed ma.p.n after 0.5 hr my“ Ticubation.

Anr.ondiugnplm displxying typicul

tterns of.” nnnrpou—-

tlon !rom H-UTF l ito " zﬂdnipem ueuuunl.-

Note zha

* exposed for 1'. days. x760.







‘In Vitro Infsrporation from 3;_1—111?', -dnto Unhydrated: Onton .

Seed Endosperm after 1'hr Enzyme Incubation.

Autnradiographs displayig ‘typical patterss of 1ncorper

tion from Jn—m. after T hr!inclﬂ:ation. Nnte that smne'

Juclel have 2n intense genersl dlstrihutian of label,

wh!le ochers have: prafe:mual mclepur antivﬂ:y













in Vitro Theorporation from H-UTP into Onion Seed,

'Agun fote the. aimﬂaxi:y o shorter hydu:‘:on'

petiods wlen sgeeinc diutinct mlcleolar activity .

(atrows) . as el a6 varytng degrees ‘of ineénsity |

i of general nuclear labelli_n The | cp pict\lre

contains a micleus wich aypzoxlmncely 6 lahelled

“riglonsi. thip, wis thé lafgest nember agen Chrough

" out the

was. the sime as'for Figure 2A, x700. "
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B ﬂgu:e-L In Vitrn Tncorporation fram H—UTP 1in Ungeminatzd

onion Seed: Embryus

$ Aumndmgmp\. From different sectiuns displaying’ 1

* tukbrporitisn.trom Ju-UTe if'ﬂ:ﬂ cottlcsl cells’ of,

nngemma:ed embryoe (hydrated for ifhrs) Note the -,."

" generxl dia:rﬂm:lcm cf nuc‘laar 1abel (arraws). .The,

assay mlx:ure contatned 0. 25\m1 6£,0.05 M Trig-cl

ffer pH 7.4, IOmH M1, 1500 Ke1,- 0..5m EDTA, 1.0,
"mK T'l'. 0.25

eact of cre, e, [CTR, aiid 50uCt
21c1 m'l)‘. Autoradiograplis vere exposed.

|

Jﬁ—UTP ;

for 14 days. *00.




"y « 3 j\-- 4
d

* 8k i 2 g
—



'aven wrie 2H-uridine of high specifiL activity, mo

h\curporatiwn was, de\‘:eeted in vivu hafure 18 hwurs cqntinunus

. 1ncubation .(Table z), whir_h 25 in agreemenr. with pravim_ls wark‘

SR L el Allium cépa. seéd gemmn:ian Aelera, 1971). Removal ' ofa °

portion nf the seed: coat 41d" hde ‘tacredse chie rate of t o n

but permitted gn earlier dateccio‘n of ackLivtey I 1nta|:l: seeds,

5 activity 15 not detzcted until the' tadlcle has broke? the nucleé

2 side dmp mgable,seed coat (Melera, 197‘1)w Intact se:ds mc\lhatad ¥,

for, periodg to 20 hours 1n :he eompleze nuclectide media, of. varying

% : cancengracims and Uﬁeciftc scuvipea, did:not incnrperate any

£ __precurson‘ i e

In onion bulbs stored 2 gonchs pos: harvest, roo:ing and

%—uridine mcoxpe

:un was n t‘de:ected in’ the' ost rnpldly Eyrauting

| 'm aEmmr as early 25 6 hours (ugu:e 4. In Erozen sécktng ot

2. men:h old (mm-spmumd) bulb rqu.s !mwaver, at least 907 of the

cells displayed nuLlealar and nucleo Jlasmic ENA polymerase activity

“In sume cells “the. nuclenli are preferentially iubelled

| whtle’in azhers; grans are gnner 11y s tributed ovet the shole nucleus :

Rik polynerase excenas for, appmx‘lmately 1500u~aleng the' root axis, with

very 10!4 or mo incorpnm:iun in the oot cap zone. In‘tisa\les surruunding




sl

‘fable 2.

In Vivo Incorporation from “H-uridine by Onion Seed Tissues.

and endospern (time-hr) -

Precursor | -,  0-18 hr. vmfn hr

3y-yridine

.Jﬁ—m.

sﬂouyci ¥
5 mooum m Jsa zzcx a1 H-U'D’ (100uci L,
: 2301 wil ind l._lcivni!_)')

* Seeds were, hyd:n[ed in (n) H.utldi.ne (IOD'PCI ml

ﬁwulﬂ. n.l » 1000!!61 lll

0. 15-3 0 ™ u-ch oi A'n’, GTF, m, i 2y separate.. upnr!lznu
}

ustog 3 m;ner of rsors. Ta

each expériment- uz)olurg £0_ the: mucleot mixture vas 4nn—

:humus. “ altermatively after 3,6, ete.: I\ncf srouth the

seeds were pul.pd for ke béfore sampling. Only seeds from.

% seéds d‘mmurxlﬂng activity ‘in mbryn

A




Figure 4.

* oot Meristems.

'5 u paraffin sel:tlons prepared f:rzm hhe

',_uere axposed for 7 days. ® v' a

3

In Vvive Im:ntpﬂrution from

0: Zmn\:hs post’ harves,y. Rach .

- potat on the zrlph represents mean grain counts from’

10 bulbs...

'displaying the, first “emergent roots. Autoradiogrsph!

Alltun cepa. bulbs; - 0—0: 8 months







Figure. §.

In Vitro Incorporation. from

Unsprouted Roots.’

Auhurndiograph dlspla)‘ing spco:pu:ation from a3

UTP ‘in Onion Bulb

into cortlcnl dells Note' the prefqrential nucleulsz

(arrows) 1 belling ‘of somi celldi: The assay nilxture " i
! contained 0. 25 1 of 0. 04 M Tris-C: ‘buffer pH.
10mM Mgcl ;150
" each iof CTP, ATP, CPP and 50uci 'ml

e H

=1" 3

2H-UTP (5.2 21c1

Aummdiqgrnpha were uposeﬂ f'u:,l{udhys. x700,

xcl u 5 mt EDTA, "1.0'm aTT, 5.25 .
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© some of the cytoplasafc labelllng ‘eould be removed by past incubation |

impi, -plasmic. RNA lpolymerase, Loive fy

. A
(A.g., utinmnydn D, ; o ~amani £in)- hay. be uaefux.

* seeds may’ have a complete enzyme: system for, the imedlate intetation of

“tapid aynéhéais o RNA in whole wheat seeds a5 uppaaed to the excised

c‘fot nucleotide synthnsis in, dry wheat (Duda and. c:herry, 1971) and pea

sg e 5 Gt B

with Rse, ‘bit o attempc s ‘made to criucauy establish -:yto-'

 Since Tigh! eoncentrations, of s

car digest :om‘céu RYA, ’m which even small anounts of radioa ‘nivxgy_

‘law 1évels of

d (especially on frozen

sections). . Té" “check. for' ey toplasmie | palymerasg YA Bynthesis inhi\zl:ar
! e

- Tt'hes been suggeéted (Maxu! and Buchuwxcz, 1972) r.hat “mature

'RNA synthests from 1ou mnlecular ‘weight precursors, even before protein 4

{vathests begins. majnan ‘and. nuchoaicz (1971 demonstrated ‘a- more

enbryos. uséd by Chen efal., (1968,1971y ia estlter s:udies. He suggested

that this. was pro\mbly due t6 the pbsence of enduspem v aleurone layer |

=3
fitact’ seed: | The

whicfh may prnmute emhryonic ‘synthetic’ ‘activity in the

reverse situatien, wherg an ambryo factor, gtbbeuum. 1nc:eases ci :huhy—

dfase activity tn Barley alelutone A km)wn (Radley, 1059; Yomo, '1958)\

resuus oE this s:ud’y siiggest’ that the_early ‘RNA synthests recorderl £o whnle

me

wheat sdsds may. initially. be tes:xi:ted to sleurune ussue, with a lag

Tefute embx’ya activity cqmmencels‘ 1r. is not knawn if the enzymzs rapo::ed

seeds, (Price and Mutray. 1969) cam ‘be, demonstrated in the. wxalsel dry

enbryo afone.’




B P e »" 1€ 15 nw acr_ep:ed that nur_leoxax,mm is not derlved from' .. ° L
. ' extranucleslar “ehtomesenal:’ acdvity {Birnsciel erl all; 1962,;001-‘15:21“ | :

and.Eas:wood *1968): and it “has been shown chat the mul\:iplé RNA poly'-’

* merases.of rat liver nuleai isolated- in high and low salt concen:zauons, : I

have .the fonie r £5 Emi ¢ $bosomal f}'vﬂ olat) "o non rLbasnmal
s ", (nucleoplasmic) RNA fnmtion Bukatyotic RNA pulymetases alaglitvets
B L . e-amanitin ‘are heliede to brigimle in I:hc nuclmplasmLas«;p-pre‘:T m,
the’ nucleolar pottion’ of ‘thenucleus and are helieved to be responsiile
fur the transcriftion of £he DNA-1ke RNA (Lindell et o 1979,;.1/::’:

CLf LI et all, 19703 Horgen and Griffen, 1971) A'recent in vivo autoradiographic

study of ger Ang dorn “(@eltour, 1970)- o thar. early mm, syn:h:sized

The

m I:he e metin, moves £é the nuclenlus at Latar sr.ages of growth,

ir_ia(ion of an intense nucleular activity iy appéar to give fhe same

‘te&ults, unless lahelling patterns could be cri:ically a

4 —'-s,?gdq/hydrated for 12, 24: and 36 hours démonstrated embryonic. nucleolar

R¥A polymeraae'activlty, evén after dhort in :bntiqn periods...’ Snma onidn . j

‘ grains were Tiore Eg/enerally dis:ribur_ed Sver the whole nteleus.’

e 0 ; The ribosopal genes n wheut embryos are :located: en:irely “within :

:he chmmosamal DNA' (Chen ‘aing Osbume, \:nd nuc1e9lar satellites \!ava
béen reyurted for ﬁumpk;n,/har1¢y (Mateuda. am Siegel/lgéﬁ) S0 A

(Hou:a et al, 1965). It /has been shmm) (since the pr&senl’. w¢rk on»oni-on

Lo [ t1ssues was .comleted) Isy cytological Hybridization, in sity that- 3u-rRNA




fractions from L‘mion root cens are hyh:idized over; fucléoli (Avanzi ;

l

et al 5 1973) Ihe erin seed demonstrates uuclealar acthity in endo

spern. frcrm the hegim\mg, o germina:ion and rucleolar activity in cthe

i embryo af[er an initial lag ‘of 4 few hours, uhlch 4s characterized by
/ I

~predomlnant1y cﬁrnmac:n Iabelling & ‘rapid . nctivstinn of endospern

nucleold: With” developméne, of the en E y. fof

mer.xbalisnrnf pelymaxic\reserves is coindidént wir_h eviaence £ron Hoeh? 1

'plan< (Bal and Gross, 19‘@.

Pss, 1963)"anid

athal jsystems (bischand

“smatana,’ 1970) showing rapid “growth-or high protein prmi setion. . In k

such Jery active ceiis, nTcleolar labéiling precedes that of the o %

S
Sal 1971) that early " trans—

B2 o
cytoplagn or.the remaindet of the ucleus. # ke : WP W

1 has:been siggasted (Chen et e

eription o the wheat embryo may be tepressed by'a regulazory. or an

. eatller m’mslndonel, step 1nvnl/1;|g DNA- dependenr-mr“'l‘po ym\

activity Gibbezelliﬂ 1s rep rted: (Chen and“0sbonie; 19705) to function

anly when 2; cofacmm "(robably limicing m drz\embryos) is avatlable

by conL‘tolling the :expression of prefnmed mexsages. \iut it has also bé

transetlptional prpcess.:: In both onion seed ‘and ‘bulb ‘tisy es' su‘ch enzymes .

as RNA polymerase 'DNA_ modd £ying enzyries (! unwindases'), artois faotors -

and humnnes sikgded for transcription oppenz; fo.be pmfurmed Hordoy, x,

N T | repressive iacturs ‘axe ptesent, their effect is mpmly Tost. It s

b




w5 gaed

y L L s
of inferest that” an enrlogenous “inhibitor of. maize RNA: pulymerase has ;

been recently puxifiéd (Arens and- Stout,’ 1974)A " Factors - responsible

anr the lag in. enbryo-transcription and the Specific FERCRI R

. and zhrmnatil\ activuy remain ahacur

Ultrast 1 observations on nucleoli

Fn Aum.'cega- the: {nterphase nuc'leolus may be. descubed

'(Chouinard 1966a,b)';thou1nard and Leblond, 1956 Chouinn:d 1970) as

consis:ing of Yeour components intemingled uir,h no definite sEgregatian‘

1. nuclenlax chrwmatxn—dense cumpactufibrillar patchas 2. fi.btin.'xr

cumponent surrnunding ihe nucleolar ch:amatin 3‘ granulxr compm'\ent

. and A. vzcuolar lacunae having 3 1 ghtsr fibtillar matrix._ 5 dry

embrymic cells fhe granular componerit . 1s poqtly defined or, r Tacking apd

vacuolation is nut ap‘paren: (Figure 6). The bulk of, the nucleolus 18

made vp. i fHbrillar ma:erial less: dense then tj\e surrounding nuclear -

chrnmatin, The nucleolar otganizing region (NUR) passes through ‘the

ilhrillat material and 13

contil\uuus with the nuclear chramétin (Figure 6).
Thel‘e |are ‘dense fibziuar areas (abaut 1008 fibers) ‘embedded in-a less.

dense £ibrillar mntrix 1n-the. nucleola; chrmnatin' the . denser areas which

rnsemble the ftous’ omatin are ged in an orderly
pattern. of 2-4 nws. ;n the tip of. the cotyledon the grahulax campane?t

«is again lackin but t'he Tiucleold. are often seen  to ‘be extensively vacuolsted 3

(Flg‘nre JA)‘ Here: the nuclenlar materinl frequen:ly appeaxa as ‘two hemi-

spheres’ ahutting a comnon NOR' (mum ).




x27,600.

2 e

. Tissue nmons:raung the Cuntimxx:y of he N cleplar

Chromatin.

|

The rruclzalzl( c'hromut'tn (nch) 1s com:lnuous Wit the extra-.

nuclebla chromat o (ch) m teri&l Note l:he absence of a

granular component ahd vacuoles. ' (2 fibriuar materi.ul)

T







“Figire 7.

G (v) spheres abgtcing the nr.vclepl;rr c,hrum?:in 1

Electron: Mictographs 6 Nocleoli from n‘e dotyledon t1ps

i cf Onton. 8

edd’ Fabryod. .+ . .

S In A note ‘the abseﬂ:e of a gtamlar camponent and ‘the f -

seyaratlun of nucléolar materiul into tw vacuglated -

B. ths nuclehsr l:hrcmal:in (m:h) 1s continuous With the -
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L

A

i in ‘the fibril}.ar mar_rix (r%gu:c 8

!

"'1968; Joxrdan and _chspman, 197,

3 runt tips (Hyde, 1967) tia

Suicqble ecr.ians of endospem -tissue l:uuld no: be obtuined

for study ‘of nucléolar Hine s tiuchire; An, interesting ‘feature fopnd”
1n half micron Epon sEl:(inns, hnwevet, was the presence of.‘large "ring

shdped.nuclewli', the' 'ring! e iphery chsra:ceﬂhmcauy (tafning | wtth

basic dyes: These ‘large nucleoli ‘were not assnciated wi\:‘n any pattitu)ar

region of.the endosperm. When' me:hyl green | pryonin was used.to'differen- -

tiate hetween m[m and mm on~ pnraffin sections, of endosperm, pink- stzinxng o

RNA»zlch‘ atclear nasses (most 1ikely Hucleols) varied-in size 4nd pumber

in different cells.

In the quiescent root some Aucleold have & distinct. gm;um— C

‘zdne (Pigur_e 8) although gene:ally not ‘as marked as n  sxiuing Toots.

. Condensed chrumatin is, assncizl:nd with, clm NOR which - may be well embadded

e NOR consists of dense per_ches

surroinded by, a less. dense’ mamx which directly abuts the nondensed chrma:xn.

n has ‘been we11 estabnshea .that nucleolar morphalogy xs

physiologicalp.y relatad to- ribusami RNA aynthesis and maturation. In

Adotmant Jetusalem a:tichoke cells an exr_ensivc grunulnr zone develqps upon

metabolic yzcivauun (uhaking 1n. disr.i.ued Vater) .(Fowke and ‘Setterfield,

; Rose and S¢ tarfield! 1971) with con-
comitant. dicleoler soial synthests, (nn'se 5 81:,1972) . 4 predotrancly

fihrlllar nicleous is believed indicative of wininal or, no activity in JTRNA-

synthesis {n antual gr plant: Clucue: The, £ibrilldr’ nucleoll of qulauceﬂ: @

low

l‘es of RNA sxnﬂ\eaiu (Batlm{, 1970)

Sinilar changes in nuclaﬂ]ar ac:ivi;y ind RNA syithesis: havg been' noted,




Tigure 8. Flec[ron mic'mgra'ph of & Nucleolus fron an Unsprouted

Onlun ﬁulb Rnc\:

3 cnmponencs and" Elec Eton dense material within the

nucleelar Ghiromatin (nch). xA,z ooo i







. ftom Jarusalen aftichoke tubsié shaw nucleolar vacuolar.iun before !

" tip is fenable with the hypotheals :haw. the degrap.of Vacudlbtion .

. reglons of the ﬂnbr}'m

) carrot discs (Jordan and Chapman. 197

“There have been many ‘reports’ that nicleolar vacuolation

is rela:ed to physiological activity.. (Luehr, 1928

Hupker, 1953,
5

Soudek; 1960 Kordan and Morge'nstem 19625 Deltour and Brnnchnrt,

1971) wts:.h i sidratataom bemaen “nucieolar vacuolacion and incol’~

‘pomtion of m\ precursorp in Both plant. (Juhnston. 1969) and

aninal (Zyblna, 1968) ‘tdssue.. In a ciiticgl Study of vatyolation, :

g hnvever, Barluw (1970) demonst:;:tad that  the zate and not. the degree

of, vucuoln[ion was related to RNA' synthesis smuauy, df'ses, cut

3 activaticn (Jnrdnn and. Chapmén,; 1971) whils:fn)darrop dlats vacuo~

lation occurs only aftex 24, hour activation (Jordan and Chapnan, 1973).

'The presence of Jucleular vacuoles in :he nnion seed embryo :olyledan

'n'eea fot be dynamically Felated fo nucleolar synthetic accxvicy, but

| )
holdmlpnatiin Zan. be put Eor:h for hlstulogicul difference: with other

In' bozh onton seed embryo ﬂnd qu;escen: oot meristems the; NOR

is seen ‘to be embedded in the. nu:leolus‘ scWies in aritchoke tuber and

Jardnn and Chnpman,, 1973) shw th:n:




. le with e, nucluulnr péctiay . 81, 1ying, of top oE e nucleolua)

“as an tndteaton of i rép (RN Ls tay ot be a serlee

geneuul:y lp}llicl la to .lll plant cell ncklvity since in buth nhe

4 2 mmm séed Gabrye and qulel:en! root’ the NORcan often; be fb{nd R N L

pa!‘tinlly ‘removed: £rom the nueleolar m..

lhroLghou: I:he ﬂbrll_lar reiio'n n! many plAnl‘. nuclenl 5. Funs’.

a :.ua’ise1knn which ‘is umught to consist af loopa o&cﬁtfmﬂu'

N z
qrxgin (n oour.}%s)t Bath c and-cy al -t
1% :

_have shown that -ud\ skein :onznnm; sucleolar Zones are ‘the’sites of |

~nbu§m m (r...cm.r and cmuey, 1965) Hork

“with. both. m!.uul and plan r_sl_ls have ldgnllEicd e ,mnlé’-mm B

il

(Estable and Sotels}: 1‘155) or the

m
muaﬂ-nke u:tuc:un as. the NOR.. ‘Tt .is btuequ that vhen “the arganiud

Segnents penetrate ithe ‘nucleulu‘é- fheg sz.ns}om tato fll;mento\w

+ " structures which course ch'rn'u‘Ll\uuz the nbuu- onés in’aconplex Fashion:” N

v L s ais cg’imuusue of the codrse. nucleblar. e e presénce of numerous i :
i - Lacunar spaces which have:been shoun ‘to. contain chromatlfiaiid to bé cgn- -
e _-enuous’ with pe seaents of. chroke Thesq lacumac éontatn k.
. i " loose fihrilll!‘ m(erlul and Imtlﬂ! wlrhin tlli m.r.lix den)e central : :
s iy 18 . 7z > \ :
| s - . i e ~
RIS A S il A, ~




./‘ :
. B - - 5 & P
¢ cores have been found. High resclution aum;aéidgégphy has VsAhoun
T DNA s Soth the desse and ;Light portions of ‘the nucleslar loops
i (Lafontaine and Lord) 1953 D A hyvothesia has been put Eorward
¥ (Chouinnrd 15747 ceiat. the svate of csndensacion-of the centtal

hromatin core 1s he[ugved

inding nf txanscriptionally activE mictofibri]s uf chrmatln ex=

Lenqing into the flbril-lar région. Thus, Wheri the NOR s ‘active’dn,

the synthesis of nucleolat material, ifs chr_omatin, ineluding that -

within the' lacunar’ spaces, u’nulgl be expected to be 'v mwoupd!”‘and in

an extmded sra:e. Converaely, a fepressinn of che acti\fity “of the

m.cleum— organizing segment wodld reault in arevinding' of ‘the
- g d 3

; chromatini -microfibrils

‘assoctdted uuh che dense Fibriliar: reglor,

and the’ appearanca of chrcmatxn in a condensed state’ within ‘the,

lac\mst spaces. ** An enruer report (Bal and Péyne, 972) on ‘the

: characteristic ptesenca of" di!c:ete mssses of - condensed’aromutin

an—anged in-a ralatively orderly, pattern vithin the alongal:ed “lacunar '

’év«ﬂdence (Choutniard; 1974) ° ‘for. the’ above hypothests.

L 1.7 Andnteresting feature’dn :htck sections' of nuclecli “n sone .

: “mature endobpern. cells; Lo profitnent .#n:ral Vacuoles occupying nost of

g ww g ﬂre nuclear volume having the appearance’ of ring shaped nucleoli"

: i (Bus:h and, Smetana, 1970) “Such nueleolt freqiently olccur in blood

5 raflent the degree’ pf unuindmg or re=

) : .spaces'of nucleuli in onfon eabrye tissués, has bein offered s parual




" ith- cell maturation and differentiation

. hucléold are believed to arise by nucl' ar fustorl; the number- of

s “supported by ohsewntions _on nucleold eron varaffin sections of.

" nuc1eol)ar sizé and “nuniber {s not fnun , “however, in’ tissues’

 and"d1fferentiation. TFor instance; latge foots ofen appear afourd the’

Thé giant, ring shaped

nucleold orlg!nally produced in-edich’ nucleus being constant. . This

nnion deed endospem where nucl,:ar pyrpnin—‘

usitive RNA—~cnn;aininy E |

bodiés. vary 1\1 size and nu.mber in different calle, ‘such heterogeneicy

£ the

embryo axis.- An Attempt{ should be made to define m’ore clearly the
y [ . y
Tole uf nucleolef -fusion-in cell ALEf e A recent ical

model ‘has demanstrated (Hasofer 1974) thnl: in some cells lhe Erequem:y

'oi nuclenlar fusion 1s signif'cancly higher thai the assumptiun of '

intbial rangom 1ccution in Lhe nuciaua uou’ld 1nd11:ate, pugxesting

o the'dry seed; while a-

There vas_no' widencé*of [ AiresS
i

ptnporl’,lon of dords s vhe wanw roots cont: ned 4 post, replicative G,

population ‘(Figure 9). G, sulisieis: “Fourd Jsc only at the'beginning -

af sprmutin, (as" enrly us 3 hnurs) but: were &180 decected in’ root tips

¥ 12 0-15. Omm long after 2 zu 48 hours. growr‘h. Similarly G, cella were

found in.toot tips that had only prutruded 1.0-2.0mm Bftet LB hours 3

“Such genéity 1s not ‘rea 1 since the’ quiescent

1

‘xoots ln the 1ntac[ bulb afsplay various sizés and degree of developmem:




Figure 9.
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Identification of Unlabelled and Labelled Mitotic Figur

in Sprouted Onion Bulb Roots for GZ Analysis.

A, Autoradiograph displaying an unlabelled (arrow) mi:
figure ((:z cell).

B, Autoradiograph displaying a labelled (arrow) mitotic

figure.

In Vivo incorporation from 3l!-tl'tyll!.di.ne (10uci ml—l s.a,
6.7C1i mM-l) into sprouting onion bulb roots with continu
nucleoside exposure. The mitotic figure in A. is cons:

to be a 62 cell, similar cells were not found in germinat

onion seeds. Aut di hs were

P d from Feulgen

squashes and exposed for 7 days. x500.
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'cx:'cuufex‘enca of. the bulb. base and. can be kasily recofnnea with the . &

R yiatded eyé “while ‘small nun—pm:ma'xug roots located|in the center of

* the Bass £ein"sectiontng. R ¢

y only be seen after tissie :uung or pa

Necuias b phe m Yoot pr n.and- g(cvth “the total
':number of cells’ found in Gy vas conpared vith percentage labelled Elasses

ins. phase (mxa 9,

“stace (N ceuu ctibe found a fzu hours atter npruut'lng to

" two days, ‘they do fiot. u\vpclr £o"be an ‘homogenuus 5rnup huk have "

~dufe ing 6,70 rhites, The dumzinn of v:he ni:ouc cynla ms been i,

studted’ i growing oot tips of

2 J Hatagne, 1968) vibh rates of c From 3

4-5 hoirs. It vn g rensated, that 1f an ‘homogenous pupula:xm . b

of 5 cells were: puun( in oot urisza., 1t would: ukely be fvund

/ -uucu:ed um‘ a plrtlcuhr uum regivn. No, such G, zones’were - < . 15
-found ‘on_au 3 of taick | ‘ ;
| a8 Further study dmnu:m:ed that in quieumz mun. . 1

e bl/cked popumum. A!thmlgh some :eu. ey e blocked ?‘-

nuibers cannot be uluhly n ': &ince’ the

[ oo capable of it

pmceed.tng m'ough mtuu. when roots mre diuuacted Srum the hulb e 5

’af:en seen’ (Flgure 108)

R lazger roots near the ‘periphery, of khe bulb base, . THe larger zoots nlae

fzequ:nzly dhpl-ygd mitotic figute: “{n-Teulgen uuined




" Table 3. Comparison of Total H\mher of G Cells in Sprouting Onion

Bulb .. ]lcots and Pernentage of Cells ‘in-S Phase

: Percertage “H-thymidine *. 5 . Total numbet T . 7
|olabelled chassest TP e of 6 cells” :

3
“In vivo incorporazion Of H-thynidine’ (10»':1 il

6.7 CLomM_ ) into Ipl‘ou[il\g “onion‘bulb. roots with con-

s N
tinunus nucleoside exposute,"‘ aukora were pre- .| © 1

parsd From Feulgen équqﬁhes nd e')xposed for 7 days. 80

quashes’ were agamga and apprcximstely 2000 LS e

écored £rom ‘each. Experinentd Were performed on the

“same batch of. ondon hulbs ‘over g sr.orage per(od of 4 manr.‘hs & et

(sturnge vas .at ‘room temperature undezt ungont:

pheric humidlty §




Figure 10. -

Unsprouted Onion ‘Bulb Roots.

A ,Aucondmgmph displaying an’s phaae Tucleus

in the 'resti

Detection of -5iPhase Nuclei and Mitotic Figures in |

(ariow) .

. Agtbmamgmpﬁ amﬂa’ying a muegi . ‘Figure’ (armu).'

. Unsprouted kgots were! disseczed frJn the bulb' base ands

éxposed to 10061 ...1.’-1 H—thymidine (54 670k mi” )

“for

g e:a e. .Au:orndiogrnphs vere prepsrad
N

0.5 hrs no: s-phaae and m;l‘to\: ¢ figures. were Ecund s







Tabelled cells were ., found in zur_cx‘zdingrnphs of paraffin . ! ¥

{sectinns of L)uiesl:el\t :nots fncybated £6r 15 minur_as in soTutions’

of trifiated Aminn(uids, consis! witha pm:gin synthetde:

Such. ma:ramolecu ar synthetic potential’ds consistent

2 apahlnty.

wich an Elaval‘ed metnhalic rate

rate for the ndtlation of A mesislhas— been demonstratédiin | .

a ‘aumber of cell’ ‘Fypeii (Mnlamu anid Baserga, 1968; Ianger et al.;1965

Robbins and Hcrrill 1969) ‘and in spacie.v as diversé as_peas’

and mam\als, “ r_he hig\\er rate.ls assuciated with the’ syr\thcsis of

\Thé ‘necessity of .a high metabolic . .

A Bnd pru:ain (Rohbms dnd Mcnlu, 1969 Webster and van'Hof, 1969). S

: Ultras m]\.lctural studvies pxese‘med fu_x‘-zher gv;.‘{ence agains:

. thepresence of. ' tiuc’ Gl blodked cell populations 4in nuclef of -
quiesciat oot r'né:ristemé'. e s nore 'ukely" et 2”100 iev‘éllo’f.giowci‘ 5

c‘untinues in the Bulb wehiaLen a, Fan BLSE ‘cmtinunusly entering 5.

phase and dlviding. It is™ na; krawn 1f there-fs any. rxlnr.ionship be=:’

Eveen grawth and dcgenerntive “chinges which .seen ' to foceur in ‘the

qulescznt tibsue, In bulbs stored for' -y months- there was :911 wall

dissolution, in coxtica]! and provnscula: tissyes. This dLssulutlon

¢ somecmes msultedin :he komatxan of grows of free. pyenotic nuclei
m an ex:ensively va:uolzted cytoplasm (l’igux‘e 11) Rcugh enduplasmlc
reticulum .(RER) v ‘comon and in spprnpriate secticia vere arranged ©

) 1n unique cancentrlc whorl.s (Figure 12). In some RER stacks. rlbusume .

attnnhed vasicles nppeared a;u arise by fragmantatiun ftom the ends oi

the cia:ernue (Tigure 13).

Thgse vesicles were scattered at random
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“Bulb Root Cell. x18,500. . .. . L

. Electron Micrograph Showing Congéntric Whorl of Réugh:

Endoplasmic feticulu; (rer) from an ¥nsprouted Onion -
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Flectron Micrograph Showing Stacks of Roug(yEndoplasmic - -
- . Reticulum (rer) and Detached Vesicles (arrovs) from an
 Unsprouted Ofon. Bulb Root Ceil.
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sl e ot An;] some were assaciated With the cell wall,

Tn additton lonssone 11ke' configurations, and multivesicular bodtes

were common. )
Ultrastructural studies of qyies::ent toots support the idea .

of a metabolic state 4n vhich synthetic an.d (or) depradative activities

are not completely repressed It is not known if the RER-is involved:

of enzymes which may Be

in the synthesi n and el
secreted at the'cell wall via R dertved vesicles. . Production of ER

membranes and_ the enzyme systems nec’essary for theivrv fm;!\a:.ion implies
the operation of considerable control at the molecular level: It has

been suggested, however, (Sassen, 1965) that during endogénous break-

down of ceu'waus,'co'lgi nembranes are ‘mecessary for the t’ransp‘an-

of the necessary, heymes. Conversely, it-has heen el 1 established that
during cell.wall grouth; material is passed into the uall agrpss the
piasnalenmH réverde. pinocytosis of Golgt derived vesicles (Siev;n,
1963: Wollenhauer and Moorf, 1966: Pickett-Heaps and Yortheote, 1966;
Wooding, 1968). ‘A view of Colpl uenbranas as well A g L
ER as distinet norphalogical and physiologoal entitics nay be mis-
leading. For instam:e, nomally m Golfi, rihosomes are not attached

to the menbranes, but polyribosomes have been‘recently comclusively

" demonstrated to be assoclated with the forming Golgl face (Mollenhaue: |

and Morré, 1974). 1 R ) t

A'role for ER instead of f‘ulgi in cell wall degradation, however,

Is nnt without’ precedent since i the development of sieve tubes in yhloem
tissue a functional role has been implicated for such membraties (Northcote

and Wooding, 1966; Northcote ‘and Wooding, 1968). It is believed that the

Ay




4 ., , i 8 / 5
. |
¥ 4 / !
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% ER serves to remove specific material Eron the /cell wall refulting
e in pore formation, but 1: is not knobm if it /acts as a supply\ route -

ENgegrading glycolyases or is imvolved in tramsport for the Yremoval G

of material after its breakdown. ‘Thus, any speculation of a role for *

ER involvement in cell wall degradation in quiescent roots should be

approached with caution &t this time.

It s not known if the unique ER whorls in quiescent roots

- are of any physiological significance.

They have been reported before
in potato tuber-buds (Shih and xappap'orc, 1971) and dormant embryos ‘

(Ncugarede and Pilet, 1964; Varner and Sz:hidlavsky, 1963) and hnve )
been induced to Fforn under conditions of low oxygen L (Whaley

; 2t all,1964; Perner, 1966). They are also known from vatlous types

%na are often

\of dhimal tissue (Rathmann, 1958; Hermsnet al,,196

* Ghserved to form after treatment with metabolic inhibitors (Hwang et

al.,1974). A critical study of their formation™in liver cells in the

of protein synthesis inhibitors (Hwang gt al.,1974), has re- \ ;
vealed that whorl-like membrane structures may be indicative.of a .

nomal transient stage of membrnne formntixm and (or) repair. S

A variety of plasma membra,ne 1gmasmbg—11ke modifications were

fteluen:ly found in onion quiﬁcenﬁ’ Foots (Bal, 1973; the present work);

no such structures were found in seed tissues. Such membrane modifications -
Y

are known throughout the plant kingdom, but evidence for their pregence’
_dn 'true' quiescent tigsues as seeds and spores is lacking., The function




resenble autophagic vacuoles found in growing roots (Mesquita, 1972)

'1971) that 1amasumes nay pley no part in cell wall iam].-mm.

plasma membrane invzgihz:ions (pinocyfotic vesiclds) 17

quiescent

flnctions

“Theré* is

good unmnuctural and cytochemlcal evldence for the |tavolvénent or. : =
; .

ahsorpnve

procésses in’ mcts (atRobbie, 1969;-Hall, 1970; Wheeler and Hanchey,

such activities would be expected, to be’ minimal or abgent in’

rdots. It is “apparent however, that - most of the sugge:ted
are more- chiaracteristic of 'active' !ather than’ rgpressed or

quigscent tissues supporting the concept of a depressed synthetic raté

in the rot'meristems. It is tepdble that some of the membranous struttures

are. indicat

of catabolic > activity since someof. them

and -senescing root cap tissue in.gerninating seeds (Berzak and Villiers,

1970). Ny B "




¥ ngr?‘lla I|| Vitro Incorporacion from 3k TTP in Onion Seed Root U .

ip Vertstenathe Nuclet. .

Autoradiographis displaying

A, Incorporation from "F-TTP into cortical meristematics

- cells.

B. Incorporation from “H-TTP with DNAse-treatmeqt

C. Tncorporation from “H-TTP with KCl treathent < ° -

Frozen sections’ vere prepared from germinated root tips

. (b um 1ong).  The assay mixture ontadned 0,054 Tris-Cl
buffer ‘pH 8.4, 0.24mM each of 4 CIP, 4 CTP, d ATP, 75uct
m? Sp1p (s.a18ct mx‘l), sut MgCly, Imdt d TT. 1;(3.' :

100ug DNAseT was Included'in the reaction mixture; in C.

“ . ANKCL was included. : A sinilar lack oE. Intorporation vas

observed with NEM (ImM) and: pCMp (ImM) treated tissues,:

5 \
Aumadiaguyﬂs were exposed for 14 days. x700,
— 3
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: 0 ;
“and approxinately 307 of the cells were labelled (Table 4). Enzyme
activi»ty could als,c be detected in whole roots or tissue sli’ces per-
mesbinzad with toluene or by freeze thawing, but 1n’cnrpuratlun was
o e Eutenmed pemieabiiizing by freezing also alloved sufficient
activity to be demonstrable.in Feulgen staiped squashes (Figure 15)
In whole or root slices prefrozen in Ny, €0, or at -20°C, ]
activity vas often more apparent in peripheral cell lovers (Pigure 164,
but incorporation was also seen in corbicsl and provasculsr tissues
(Figure 16B). * Similar results were noted for.toluene 'treatments (Figure
17, Suseebstpe Eresus thi ‘Costtaents dViot deEasby che sEEreTetey

of the methods (Figure 18). Precursor hydrolysis was cytochenically

demonstrated in dell walls, especially in external cell layers ond through- -

out thé root cap, but infreasing deoxynucleoside concentrations from -
0.25-2:0n1’and I-TIP to 250uCL a1 ® did not significantly alter incor-
poration in the larger pieces of tissue, Although pretreatment with
oty fenasel o perisab T Ity oF Heittatin T prisiTaSES, 6ot
sistency of results wgg feduced when sections greater than approximately
200u were used; the miethod could however, permit'a composite picture of

3

incorporation ‘to be attained. -Activity was detected if “H-dAT? was sub~

stituted for JH-TTP. At least 907 of the activity disappeared if tissues

were pre or post treated with DNAse. Similarly nuclear activity was

 abolished if tissues were heated to 80-0°C or pretreated with 1% phenol.

The latter treatments.were especially performed on whole roots or

tissue slices to see if the cytoplasmic labelling often found in the root




Table 4.

Percentage Onion Seed Root ’IIp Neristenatic Nuclei Displsylng

Intense In Vitro Incotpuratlo'n from JH-TmR.

Number of nuclei z[:{nuclei displaying
séetion™) coiinted ~TIP Incorporation
127.34456.39 28,3247.50

* mixture Same as for Figure 14.

Frozen_sections were prepared fron germinated seeds. -Assay

15 sections were analyzed
for activity. Nuclei onsidered to display intemse activity
are narked by arrovs in Figure 16, Autoradiographs were ex—

posed for 14 days, 5
e Y . o :
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Figure 15. In Vitro Incérporation from 3}1-’:1? in Fuelgen Stained,

f . swashéRgSorouted Onion Bulb Roo Meristens

Autoradiographs-of Feulgen stained squashes of root

* meristen cells displaying incorporation from JR-TEP after

pemeabilizing by freezing at A, -20°C or B. two successive

freese thaw tresinents with mitrogen. The resctim misture

: . contalned 0,05M Tris-G1 buffer pH 8.4, 0.25m each of d CTP, '
d GTP, d ATP, - 100uCi nil Jpore (s.a. 18C1 mn"l) Sl MgCL,, '

1n dTT. Autoradiographs vere exposed for 14 days. x700.
; o . .

o | ‘ . \
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It Vitro Tncofporation From R-TTP in Ondon Seéd Root Tip .
| Meristenatic Nuclei after Freeze Permeabilization of

Thick Tissub Slices. e

o norm,l cells. adfacent

5t pmpnary (p) aftet m freeze th-w :m:- =

 The assay mixture “contained 0:05 M Tris-cL buf!er PH 8.4,

Ohﬂuthofdm.dm dm, l(ﬂlm(.‘ill-l 311-11'!

"—(u..

260 w7 sa'g: ("“sm’z' um. mm-.unmphu







Figure 17,

o

4 - 97

3

"In Vitro' Incorporation from “H-TTP in Onion Seed Root

Tip Meristematié Niclel after Toluene Perfieabilization

of Thick Tissue Slices. % oo

Autoradiographs displnylng

Incorporation from 3H-TTP into cortical cells. adjacent

to the robt periphery (p).

B. Ijeorporation from %412 tnto cells adfacent to the

excision surface, approxinately 1600-2000u from the

root. apex.

Gerhinated -seed roots (2-4im long) were excised and shaken

in 12 toluene in 0.07M K20, buffer pH 7.4 for Lmin.

The assay mlxture contained 0, 034 Tris»Cl buffer pH 8 Ay,

=1 -3

0. SmM each of d CIP, d GIP, d ATP, 50uc1 L H—TTP

(.27’ 20 of mi” 1y, sm Mg (CH,C00) ), It d .

Autorsdiographs vere prepareﬂ f£rom paraffin .!ec:inns and

exposed for-14 days. x700.
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Figure 18: In Vitro Tncorporation ffom “H-TTP in Dnion Seed Root

| Tip Meristematic Nuclel After Freeze Perméabilization

L . of Thick Tissue Slices. ’ .

Autoradfographs displaying

. A, Incorporation from “H-TTP into cortical cells adjacent b

to the root periphery (p) after two successive freeze

A thaw treatments with nitrogen.

B E S0 i) . g
B. Tncorporation. from “H-TTP into cortical cells frer . - X

two successive freeze thaw treatments at /—w"c.‘

The assay mixture tontained 0,05M Tris-Cl buffer pH 8.4, g :

s o K
0.5mM each of d CTP, d GTP, d ATP, 75uCi ml ™~ JH-lre

(s.i. 2008 miY) et MgCly, InM dTT. Autoradiographs were .

prepared from paraffin sections and exposed for 14 d: y\ 1

B 1
P 4 . " x700. B
3 E . o
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(Figure 19) was removed. w}'ariah'ility in incoqau‘r’a—tinvwvas, Hm;er,
great: and a number of experiments would havé to.be perfogmed before

any conclusions could be reached. The exclusion of individual de-
oxytriphosphates feduced grain densities to approximately one third, -
This -experiment was performed on a set of Toot tips permeabilized by

freézing at ~20°C,and incubatedswith one particular batch of H-TI?

(s.a.” 48cL m¥™%). Gitly: one’ experinent was done and should be repeated

with other sepatate batches of nucleotides. Each experiment has to be °
done with separate shiprents ai isotopes and one experiment cannot be.
compared uith another menningfully unless facilities are available to
estahlish the purity i specific activities of “incubation mixtyres.

A minber of treatsents éffecte encyne activity. . ligh con-
centrations of potassiiii chluxide (Roxnberg_and Gefter, 1970; Chiu and
Sung, 1972) inhibited incorporation’ (Flgure 140)} this could be partially

due to an indirect 'salting awayl-of the chromatin as nuclear staining was

reduced with increasing mo]_.aﬁty. The sulghydry_l compounds, NEM and pCMB
were good inhibitors. Activity was hot'enhanced 1f small concentrations

of DNAse (mncentrations et progressivaly ‘reduced from 50ug ml » 135

- untts, to 0.2ug ul T 1imte, in separaté experi.mencs) or 1F AP (0.5-3.0m)

vere included in the incsbation mixture. Céméentrations of DiAse as lov as
Sug m" n'the.assay mixture abolished acetvity, and'20ug w1 solubilized

the nuclel to an extent where only fibrous remmants remained' this is
& \




Figure 19.

L F

- and

‘‘Mutoradiographs displaying = !

*A.TIncorporation.from JH-TIP intor cells approximately’

.In Vitro Incorpbration From 8 T in Onion Sead Roof

Cap Nuclei after Fteeze and Tnluane Pemeabillzatiol(.

300-500u £rom the root apex after freezify at <20%¢.

B. Thcorporation from H-TTP mo,ceus,appm_ﬁﬁ}{:ely{

« 180-200u from the root apex after :nlue:re tzeatment, ®

-me the extensive tytnplasmlc labeLling (m—ow)

|
Treatment and asxay mixture were smua: to !-‘igure 18

for A and Flgura 19 for B.
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1 contrested with a partially purified DNA polymerase fractionm:

whe Sy

froncorn seedlings (Stout and Arens, 1970) where DNAse concen-

. |

trations to'50ug m1™l (135 untiks) in’ the assay mixture mérkedly §
stimilated activity (3 £old) on native primer. . '

£ low level of DNA polymerase was detected in the pre-
emergent onion embryo. Act‘ivity was ot cdhfinéd to any particular

tissue, but could be found in provascular, epicotyl, cotyledonary and

* root ‘cap zones, jwith the cotyledonary- cells displaying the least
incorporation (Figure'20-21). Inclusion of NEM or pQMB in the in-
cubation mixture reduted activity considerably (Table 5) and mo
significant lncorporation was found after DiAse treatment. No
increase in activity was found with 1dw concentrations of DNAse

or in the presence of high nucleotide concentrations (Table 5).
When cycloheximide or RNAse was included in the incubation mixture,
activity.appeared to be unchanged (Table 5). The low level of poly-
netass activity in the dry embryo is contrasted with the intense
1sbelling seen in § pi.zse cellg.

+DNA polymerases are unable to initiate DNA synthesis 'de novo'

end (Bollum et al.,1969; Baltimore and Smoler, 1971). In ¥ivo ex-

d a 1 of 1y 307 of meristem

> on a single stranded template, without a primer containing a;free -300

cells in S phase.

A similar

number in the in vitro situation displayed

yaucl

s1d

DNA activity, that d

’

s true replication and is proceeding on the primed template; which has

o
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34-T70 in Ungerntnated Onton

Figure 20. “In Vitro Incorporation from

. ‘Seed Embryos.

Autoradiographs displaying a low. level of B o

‘Incorporation from “R-FTP into cells adjacent to the

embryo periphery approximately 1000-1500u from the

Toot apex.

B. Trcorporation from JH-TTP-inté presumptive

meristematic cells approximately 500-800u from the.

P . root apex.

I8 [ . ; .
Fiozen sections were prephred from dissected embryos.

The assay mixture contained 0,05M Tris-Cl buffer pif 8.4,

s T s bl

° 0.5mM each of d CTP, d.GTP, d ATP, 100uCi ml

¢ (s.a. 18C1 ni D), s Mg(CH000),. Autoradiographs were' . s S

exposed for 21 days. x700.

LB Is
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Figurei2l. In Vitro Tncorporation from JR-TT? in Ungerninated Onion

Seed Embryos. “ « 7

.| hutoradiographs displaying a low level of

; o . 2§ B )
§ . Tncorporation from H-TTP fnto provascular.cells
i approximately 120Mu_from the root apex.
& B: Incorporation from JH-TTP into cells approximately
. . .300u from the root apex. 3 : :
. sue P S
i Ry AEE = 2
Autoradiograph preparation was the same as for Figure 20.
x700:- . * 3 ¥ g
x o N,
2 - :
L '
€ e

;'
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“Tebla-5. Effect of Changs'in Reastion lhxr.nte o In Vitro Incorporation from

TP fn Tissiés of Ungerninated Oniun seed\Enbryos.

. ;

"' Reaction mixture ' - %'labeiled, Reaction Mixture % labelled

us s e L cells, B o cells
complece i, LT gk, +100"ng m1 7 Rase 6

tA07023 pg miT DNAseI . . 018 Siddmpamc . o .

L 0.l g mlleﬂAse.I . o i P e
§ L 450.0ug wit ovaser T e +1 or M AT PRt
' L e " et crelotexibide 16 +1 or baM OIR " .

0.0 yg a1

Frozen se,gmns frere prepared from r}z(ssected enbryos

The assdy mixture con-

&ed I) 05Y Tris-Cl buffer pH B ln, U SmM each of d CTP, d GTP, d AW 100401

J3ﬂ—m> [s:‘a. 18C1 " ) ‘Smdd Mx (053000)2,‘ 1mM dTT: Nuclzi ‘\‘,onsidemd to be

be11¢d are shown i Flgures 20 and 21. Autoradiofraphs. fererekposed for

.
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" already initiated a round of DNA replication (Burger, 1971; Howell and

Walke, 1972) in the cells'at § phase. A favorable level of DNA poly-

merase activity vas demonstrable in these studies, especially on 8k o
cryostat sections. In bacterial systems'the rate of true DNA replication.

in vitro'is much lover than in vivo rates (Schaller et al.,1972; Smith et

w0 - e

Tvo types of DNA'synthesis aré known, of€ fof replication BT

DNA, the other for repair of DNA. A number of studies with toluene -

(Moses and Richardson, 1970; Masamichi and Kolber, 1970‘ Burger, 1971;

Hzr.sushita et.al.,1971; Howell and Watker, 1972; Brow et 'aL.,1972)§ suctose
(ickner and Hurvita, 1972) o mz»ss (Ganesan, 1971) have shon that a
major part of DVA polymerass, acgvify hay reflect normal replication of

DNA while, for instance, Tris-EDTA permeabilized cells (Buttin and Wright,
1968) are belfeved to display, predominantly repair synchesi‘gl A frequent
characteristic of replicndve‘DNA synthesis is a requirement for ATP

(o other gucleoside triphosphates) and-an inhibition by sulfhydryl

reagents 25 NEM or p-CHB, whereas fepair synthesis does not requize exogenous

ATP and 1s not inhibited by sulfhydryl compounds,  Also purified prepazations
of E coli DA polj'\metase II (Kornberg and Gefter, 1970) as well as a

- B
distinet species of DNA polymerase (other than I or II) isolated from E coli
nutants (Kornberg ‘and Gefter, 1971), differ.fron polyuerase I.(belleved to

e .

funciion mostly in DNA repair) in their sensitivity to sulfhydryl reagents.
Tn ‘eukaryotic systems, such p-GMB or p-HMB (Weissback et al.,1971; Haines

et al., 19715 Long and Garren, 1972) and NEM sensitivities (Chiu and Sung, 1972)




\ i11

have aiso ‘besn nobad: for: ik pilyperasess ia ‘the,ayatin reported .
. ‘here (both-toluene and cryostat sections), NEM or p-GMB inhibited
- activity whereas inclugion of ‘nucleosides as ATP i ‘the incubation
mi?:;ure were without eff'ec:, sis;xilaz to the ATP effect reported for

Chlanydomonas (Howell and Valker,” 1972). The' lack of DNAse primed

incorporation also argues against the major Tole of repair replication

in Hhe Toot meristem <ells in vitro.

A low level of termipal deaxynucleutidyl transfer’ act:i.vity 42

" has been reported for, tobacco plant tisgue (Srivastava, 1972). Such . |

¢
activity is (af abcushea when other deoxynucxectxdes arsabind vo the

Angy (bation mixture, (b) is noé 1nh1bited by the sulfhydryl reagent p-

CMB and (c) -is markedly inhihited whan native chromatin is used as a

priver. - Thus, it 1s doubtful 1t terninal transfe!aae activity s more than
nininal in the systen reported here. o

The ptesence of a low Tevel of DNA polymernse activity in the un-

gerninated' seed is of interest. Much evidence has been preaenced .

(Bonhoeffer and Messer, 1969; Gn:;ss, 1972) that protein synthasis is

. required fot the initiation-of chromosome replication. In E coli lark and

Renger (1969) observed the existence of at least two regulatory proteins

with different sensitivities to chloramphenicol. Both kinds of proteins,
are necessary for initiation and have to be made anew in each cycle. The
ability, howgver] fo sustain DNA replicaticn in the absence of protein ~ .

synthesis varies according to the system s:udied (Hotta et al,, 196




i
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Wanks and Moors, 1970; Wanka et al., 1972). In an esrlier study of

\ protein metabolisa during Alllun germination (Mallery, 1971) a

- significant amount of J5-leucine incorporation was shown to occur

only ‘after 3036 hours from the sfarg of imbibition.. Similar Tesults

vere obtained by autoradiograply #a-thése studies. These cbservations -

" and the use of cyclohexinide and RNAse in enzyne asssy media, suggest

that newly translated protein is not required to 'initiate or sustain'

the DNA activity if onion seeds.
D¥A_polymerase tenplate activity }
* ok <DNA polymerase prined qctivity was demonstiable ‘in frozen

sections of ungerninated onion seed esbryos. Vhen INA polyserase ~as.,

-dded, activity increased significantly above'background' - levels.
> 2

* sctivity was 1y found in , epicotyl, and

1 A epidermal tissues in preference to storage cotyledonary célis

<7 (pigure 22- 23, hhle 6). Evén with a saturating level of exogenoss

« enzyme, activi.l:y remained low with o dramatic differences betuem .

tissue types (Table 6). Most incorporation was associated with

& % ] nuclei, and no attempt vas made to assess cytoplasmic activity. Since
AV

an excess of DNA polymerase vas used in these experfnents, it suggests

thn more thun increased polymerase levels are required to stimulate

‘ the -nublest cemp;nte of the ungerminated seed unun.




- - Figure 22!

i

n Vifro Incorporation from J5TTP with Exogencus s DN

-
by ] Preferenuu Incofyofation fron NTTP in zpildemul 3
o (z) cella ‘of the cotyledon(c). /
A N > 'Pr:femti;l momnmm from JR-TIP in pnvna:ulu‘ w B gy
o) celts. - e o P '
Frosenraections wr's prepered from dissected mbryos. .

The assay mixture conu!.neff 0.05M Tris-Cl buff!r pH .
—1

8.0, DSnHuchufdm,dGl'P.dATl‘, 5&161

3
H—TTP (s.a. 2801 mM ™ ) SIM Mg (CH, C()O)z 10m KC1,

*.0.5mM.dTT, 1 mg micrococcal DNA polymerase. - g Shs %
“Mutoradiographs vere exposed for 7 dny_n‘. X700, - -

o
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In Vitro “Incorporation from

115

PH-TIP with xogenous DNA

-Polyserase in Ungerninated Onfon Seed Embryos.

£rom JH-TiP mt:
preparation was

picotyl cells. Autoradiograph -

e same as for Figure 22.

&

E4 .

g d ?
D % &
& B

%700, .

" .-E.;-.‘.}Eg»
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. Table 6. Effect of DNA on fron H-TT? in’ @

Ungerminated Onion Seed Embryos.

- plus DNA polymerase’ minus DNA polymerase
(grains nuclevs~1) (grains nucleus™1)

.(1('

Provascular + epicotyl tells | 5.06+.89 0.4440.17

epidermal cells | ° 404119 . 0.4740.23

Frozen sections were prepared from dissected embryos. The assay mixture
‘éwlltai:ned D.QSM Tris-Cl buffer pH 8.0, 0.5mM ez'mé of d CTP, d GTP, d ATP,
504 €1 H-TIP (s.a. 28Ci md D) Smd Hg(0i,C00),, 10 KCL, O.émt dTT, 1 mg

1 DNA poly; were exposed for 7 days. .

For grain counts of provascular and epicotyl cells 19.sections were analyzed
from both control and experimental slides. ‘For counts of epidermal cells 8

g -
. sections were andlyzed. Here pleces of tissue having intact root caps were

used and counts vere made on the epidernal cell layer on both sides of the cap.




* template for exogenous calf thynus DNA polymerase (Modak and Bollum, 197

118

Exogenous DNA polymerase prinmed activity in ungerminated
seed tissues ‘inplies the Tetention of accessible 3'-termifi (initiator-
W), since all knovn DVA polyperases use free-30H ends of denatured
DMt as initiator sites (Scheknan et al.;1974). The purified nicro-
coccal DNA polynerase used in the present stuly Tequires a primer and
template and ‘is incapable of initiating new polynucleotide ‘strands
(Harwood and Wells, 1970). Tt cannot add random nucleotides into &

4

DNA template by an end addition like terminal

The length of denatured D¥A'required for the micfococcal enzgme is mot
known, but A: least 20, nucleotides are required for calf thymus DNA
polymerase (Bollum, 1959) in contrast to terninal decxynucleotidyl
transferase which has much shorter chain length requirements (Bollum
e_énl‘%b; Kato et al.,1967). i
1t would be interésting to establish the physicochemical state

of the chromatin 1n nuclet eplaying preferemtial prined activity. Ta(mouse)

\ .

degenerating fens nuclei, the DNA after denaturation acts as a better #5
il N : %

Modak et 4l.,1968; Modak et al.}969) and this has been interpreted
an’indicator of DNA strand scission (Modak et al.,1968; Modak et 41.,1969)

resulting in liberation of 3-OH ends (Moddk and Bollws, 1970). Cytological

studles with exogenous DNA polymerase on brain tissues(mjice) of various ages

(Modak and Price, 1971) as well as simil;

studies with other mammalian cells
have led to the suggestion (Modak ang/frice, 1971) that during aging INA
undergoes strand breaks which are’accumulated and exogenous polymerases can

detect such template breaks. - Wy
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! Itfyould be of interest to test seeds of varying ages or

seeds s‘:c{ed under different environmental regines £or (strand

bireal) gencas damige. Tt 15 Mot kewn 4 seeds soatatn s DMA yal ©
pair replication nechanisn; repair replication occurs in non—
replicative tissues (Devik and Halverson, 1963); but no studies have '
been déne op tissues which sinulate the metabolic state of seeds. ’
The concept of somatic mutations 'as major factors ir ageing tissues
is not new (Curtis, 1966). Visible damage to SitonosomstiE

in post mitotic animal tissues and has been found, to be an index of
seed age (Abdalla and Roberts, 1968). Stulles of accelerated agelng
ereatrent ‘in seeds (berjak and Villiers, 1972a; Berjak and Vim}rs‘
1972b) suggest that loss of seed viability may be due to general damage
to macromolecules ‘including nucleic acids. There is w1 bsastadent
evidence for A damage 1in aged seeds (Roberts et al., 1973).

Since protein synthesis is ot initiate;‘l in gerninapiag onion
seeds before several hours hydration, it would be interesting’to see if
“priner ternint \(measured with exogenous DN polynerase)-only iferease
concurrently With such synthesis. An-increase of termini.in the absence
of protein aynthesis would fnply that activation of preesisting enzymes
or other non enzymatic control machanisms associated with hydration, play
a role in DNA-polynerase template activation.
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Since studi;s with exogenous DNA polymerases indicated
possible tissue differences in the state of the chromatin,’a “
prelininary fine structural study of nuclear chromatin in various
regions of the dry enbryo was made.. A11 regions were generally
characterized by large dense chromatin masses of various ‘siiesv
and shapes interspersed with electron transparent regiors of
dlapersed £ibrillar waterial (Figure 24). 1In scmb sections
heterochromatit masses were reticulate and tortuous while in others
they were much mote discontinuous. The electron dense paterial
was sonétimes extensively vacwolated in storage tissue cells. In
presumptive meriStematic zones e.g., the @icotyl, the degree of
condensation of the chromatin often appeared to be less than in Lo
cotyledonary cells,but no conclusions could be reached without a
detailed kulysis of serial sections. An interesting fe;tnt&. of
epicotyl chromatin is the presence of sharply delinited Tight
portions frequently found dispersed within the electrol:l dense ‘chromatin
(Figure.25)., These light portions appear as distinct chromatin en- '
tities separable from the relatively electron tramsparent lacunar
spaces which though present %n'the,dry embryo, are mich more common
in chromatin of actively growing t_ism‘ne's. It is quite probable,
however, that the small amounts of fibrillar satérial soetines
cbserved in lacimae represent an altered state of the same light chromatin

.masses.” No tissues of the Gnion embryo contained muclear chromatin
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Figure 2. Electron Micrograph Showing Condensdtion State of the = =

ST
- Chromatin in Onion Seed Embryo Tissue.

.

Tlectron denonstrating general:

. state of thé chromatin (ch) %n onfon seed embryo tissue.

This ‘section was taken from a cotyledonary cell. Similar

& . .

and v%reatar degrees of condensation were common: for muclear o . \z

. . s >

chromatin in both cells of the vascular cylinder and ;
; o I

cotyledon throughout the embryo axis. x26,000
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or®

- Figure 25, Plel:tron Micrngraph Shnwlng ledensa:lun Stste of the

o Chromatin in Onion Sezd 'F.mbryo Fpicr.\kyl uelt’i.

PN

e s‘leccmn 'Micugraph of an epicetyl n\lcleus dulonstratlng

. sharply deumﬁed electtun cransparsnt puzmms (arzws) : N e
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comparable to the decondensed states cpmmon in growing root tips. . ¥

From prelininary studies uf r\ur_lear chrumatin, no (readily)

apparent relation between ult: e and rate of

by exogenous DNA pnlymetase in variuus cell ‘types: could be observed.

* Electron microscope T

merase or Lrsnsfemse nay be useful in defining templar.e sites.

* lerastructural cytochenical probes f DA template states, espaclally

in relation to RNA synthzsis, have been developed (Fremster et al.,
1974) and single stranded DNA have recently been identified immunologically
at the ultrastructural level (Suzuki et al.,1974).

There is some information on the fine strucr_nral sites of m.u:lear

DNA synthesis in eukaryotes. Evidence has been presented for the
synthesis of DNA on dispersed (Hay and Revel, 1963; MjIner and Hayoe,
1968; Blondel, 1968; Littau et al.,1964) and dense chromatin (Comings,-
1967; Klinger et al.,1967) although it s now generally believed that
early replicating DVA 1s synthesized in a dispersed form (Kuroiwa, 1973;
Kuroiva, 1974; Lafontainé and L:;rd, 1974). Even heterchromatin con-’
taining late replicating DNA is. synthesized in a dispersed form with -

rapid organization into dense chromatin (Lafontaine and Lord, 1974). v

‘In onion seed tissues, no nuclei having chromatin states comparable to

neristenatic cells were observed.. Diy seed nuclear chromatin is similar

* to that present in G1 interphase cells in greu‘i.ng Allium porrum L.,

(1atontatne and Lotd, 1974) but in. the seed; chxmtin condensation is

1y more Studies on ul
in different seed tissues at vazying periods of germina(ion could he -




frufeful in elucidating tenplate mndiflcatinn, espectally if coupled

with cytothenical probe r.echniques.(}

. TR L
Amino acid incorporation ™ .

When Toot tip sections from germinated seeds were assayed
5 TR S ebre,  dncotsbration varBlsinseibur
unaffected by cycloheximide. In dry seed sections assayed in the
complete mixture, cycloheximide was reylacedvby a mixture of un-
Labelled anino acids ('cold chase'), and this was effective in dis-
tinctly reducing activity (Table 7). Instead of an Incregse, thére
vas a sudll but significant reduction in activity when dry seed
sectibng vere assayed with zﬂ-phenylalanine in the presence of the
artificial 'messenger’ poly-U (Table 8) - Ji-leucine incorporation
.was not affected by a combination of protein ‘synthesis inhibitors
(Table 9). 1In all amino acid incorporation experiments, activity
) vas distributed over both cytoplasm and nuclel with nio-preferential
Labelling (Figure 26). - R -

Since there was no apparent reduction in auivity with
inhibitors, it is unlikely that the lahelling found here represents
anino actd incbvriaur_atlonvin[a ipratiln. Reduction of activity with

'cold" amino acids could be due Eo decreased enzymatic amino acid

charging to endogénous t-ENA but’ this canmot be presently established.

Similarly, it is not known if the polyanion, polyuridylic acid, acts




- Table 7. Effect of Unlabelled Amino Acids on In Vitro Incorporation from = . .
an H-anino adid mixture in Ungerninated Onion Seed Embryos.’
. . ok ¢ B
4 ’ o 1 ", minus 'cold aminn acids  ‘plus 'cold' amino acids -
i (gmins/SOu ) (grains/500%) -
N . . N to. . 7
cotyledonary t 48.79414.73 . 4.7242,15

Frozen sections yere prepared from dissected embryos.. The assay mixture

" contatned 0,05 Tris-CI"buffer pH 8 70, 250c w1t of an JHeantno acid
fr £, nixture aqncainxng_;ianine, argindne, aspartic acid, glutamic-acid, plyelne,
& histidine, hydtoiyproline, isoleucine, leucine, lysine, methionine,
phetylalantne, proline, serine, threontne, Eryosine, valine; uM Hg(EyC00)
258 KC1, 20t ATE, In GTP. 'Control reactions contained a 0.1% solution .
of unlabelled antno acids. Autoradiographs were exposed for 14 days. For |
i grain counts 16 sections were analyzed. _céuncs_ were made in an area 1000~ . - {
b o

-1500u h‘m;l the root apex on both sides of the vascular cylinder.

* For calculation of méan and standard deviation 40% of the areas’

observed had grain cotnts greater than 60 per 5047 but vere included

as cnnta(.nlng 60 per 50u in these calculations. Counting diificulty

was expexienced with gra.’m counts -greater than 60 per 50u
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Table 8. Effect of Polyuridylic Acid on In Vitro Incorporation: from

*Phenylalanine in Un

128

germinated Onjon Seed: Embryos. .

plus Poly-U,

minus Poly~l 1
(grains/50u”) (grains/500%)
L . . !
. cotyledonary tissue 30.4347.12 *12.36+3.08
Py . . ;

Frozen sections were prepared from dissected embryos. The assay misture

‘contained 0.05 M Tris-Cl buffer pH 8.0, H-phenylalanine 25uct ml ™ (s.a.

13.4ct wih), emd Mg (CH,000),,, 25aM RCL, ZuM ATP, lul GTP, 100ug poly-U .

21" s added in some experiments: Autorediographs vere exposed for

14 days. For grain counts, 16'sections were analyzed.  Counts were made

“1in an area 1000-1500u from the root apex‘on both sides of the vascular

cylinder.




§ Table 9. Effect of a Combination of Protein Synthesis Inhibitors ‘on
In Vitro Incorporation from “H-leucine in Germinated Onion

Seed Root Tips.

plus inhibitors

winus inhihitg:s g
(grains/50u’)

S (grains/50u”)

' Cortical-tissue 25,7146.0L 23.4744.37

Frozen sections were prepared from germinated onion seed root tips (2-4

mn long). ‘The assay mixture contained’0,05M Hepes buffer pH 7.2, 50uCi

®ileuctne (s.a. 42.7CL mi™L), tat Mg (CH,000) ,, 0.4mt (NH,),50,,, 0.6t

anlz, 2.0mf dTT. Control reactions contained a cémbinatlon of 100ug

a1l each of ; 1, oy intde, and

graphs ‘were exposed for 14 days. For grain counts 16 sections were

analyzed. Counts were made over cortical tissue.

s
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Figure 2. ~ InVitro Incorporation from “H-leucine in Onion Seed Root:
Tip Meristematic Nuclet . 7 :

_Autoradfographs displaylog - - .

A. Incorpsration from 3gleuctne into cortical tissue’
B., Incorporation from Jﬂ-leu::m into epicotyl :1s;ue

A o g T
 Note that grains vere found over muclel and cytopiasm
(arrows). Frozen sections were prepared from gerninated -
. onion seed root tips (2% m dong): 'The samay mixture
contained 0,05M Hepes buffer plh 7.2, 7so..c1 m? :‘u-umme_~
“(sea. 427 ¢t Y. 4 Mg (ch ,600) 5, 0.4adt () 50,
0. 6at unciz, 2.00M dTT. Mutoradlographs were exposed for
14 diy-. A similar grain dis:rmunn over nuclear and
o l:ytnplmlc regions was found in all u vitro amino aetd
Ancorporation experiments..x700.
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by inhibiting an efizyratic reaction as amino acyl synthetase. If

amino. acid are rgs; for the activity on

. cytologic sections, nuclear and cytoplasmic incorporation patterns,

2s well as amino acid 1 ion in both
and storage tissues of the ungeninutg;l_ seed,are of interest.

One explanation for the lack of protein synthesis in
cytologic sections, could be that- essential components of the pro- .
tein synthesizing apparatus are duh:e'd and disyupted into the in-
cubation media. Factors such as those involved: in binding of ‘aminoacyl-t
RNAto the ribosones are found in sglible fractions of cell homogenates :
(LucassLenard and Haenni, 1968) while others as peptidyl transferase

may remain associatéd with macfomolecules as ribosoma] subunits (Vasquez

.,1969). Dilution and of esse would
not be surprising in view of the large mumber of highly coordinated
events involved i protein synthesis including aminoacylation of t RNA,

the initiation of polypeptide chains, their elongation and termination.

Several biochemical studies ha:le Teported amino acid incorporation in 'y

vithin the confines of the nuclear mesbrane and this supports the argu-
ment that on tissue sections, nuclear rupture with the loss of essential -

components, accounts for fallure to.demonstrate protein synthesis.

Besides 'physical! of essential enzymes

o Tibonucleases and proteasss could play. a role (Payne and Loening, 1970; .

Payne and Boulter, 1974).

If protein is were in - it unuld

likely consist of r!ho;me bound peptide fragments. By vinu& of the

i
i
i




| ' -xperimental nethod, peptide fragments released from ribosomes would

\ // .

P A
S

be lost into the incubation media and (or) removed by washing. (It

is realized, howevér, that some 'mon specific' adsorption is possible).

Although in the present studies there was no evidence for protein . .
synthesis in acid insoluble 'particulate' components retained in liss’ue
saskdons, (E1a poaible What Gudo 614 thesEpersiion TNES TeATISIEY
proteins can W B biochemically.

Although the efficiency of aming acid incorporation in different
cell fractions depends ofi a number of factors as type of buffer, pH,
concentrations of virious nucleotides and fons, etc., the design used

here (in some experiments) contained the components of a typical "cell

free" Tibosonal system consisting of KT, Mg, ATP, GIP, labelled and
inlabelled anino scids, and the various endogenous components such as t-RNAS
and ribosomes. In a:d'am.on 'messenger' RNA was ‘presumed to be present
L N\ either endogenously or supplied as a synthetic i.e., poly U.
e different inhibitovs vere used in casbination because of
i reported inconsistencles of fheir effectivencss in different. tissues and
subtellular fractions, Cyclohexinide is ganerally recegnizad as ‘an
inhibitor of the translocation of & RVA an 80 § ribosomes (Kaji, 1973):

but its effectiveness as a protein synthesis inhibitor has been reported .:

/6 be variable in plants (Boulter, 1970). - Chldramphenicol is ,regarded

“as an inhibitor of peptidyl transferase on bacterial ribosomes and is

known to be an effective inhibitor.of chloroplastic and ng.tochnndrial'

pmyynthesis (Boulter, 1970). Puromycin, which acts on normal

|

. |
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peptidechate elongatisn by participating in' peptidyl transferase
reactions, inhibits amino acid incorporation by cytoplasmic, chiloro-
plastic, mitochondrial and muclear moieties. 'Rat liver amino acid
incorporation is reported to be insensitive to puromycin and eyclo-
feximide, but completely inhibited by chloranphenicol (Ono and
Tarayama, 1968), while Dipteran nuclei are l“epotediy sensitive to
chloramphenicol and puromyciri but not cycloheximide (Helmsing, 1970)..
n p:e_limina%y studies, cyclohexinide sensitive in vivo JH-arginine
incorporation in onion root meristems, was yell established, but
because of reported differences for protala synthesis fabibitor.

= X
effectiveness in vitro, they wete used in combination in some ex- \

,
periments reported here. : R /

It isnot kaown if the inhibition of JH-phenylalanine in-
corporation by poly-U is enzymatic; most evidence points to a
stimulatory rale/f}: the polymer and this has been demonstrated in
plant cissues (pllis and MacDonald, 1968; Payne et al.,1971). In- 4
hibition of cell free phage induced protein synthesis by homopoly-
nucleotides has been reported for a bacterial system (Moller and

Ehrenstein, 1963). Polyribonucleotides are also known to react with.

DNA (Quetier and Vedel, 1973) and poly-U binding to chromosomes has

" -been cytologically demonstrated (Jomes et al.;1973). Further studies

are required before the nature of amino acid incorporation inhibition

by poly-U on tissue sections can be assessed.

The feduction in amino acid incorporation in tissues incubated-

{
!
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with excess unlabelled amino a¢ids is of special interest. It.: -
remains £o be deternined if the labelling cbserved in cyto-
logical sections is.ensymatic binding of amino acids to transfer

/ RNA species by aminoacyl t RVA synthetases. Variations iji isot

accepting t RVA populations on their cognate synthetases occur in

cells during development and such changes may reflect the involve-

memt of t'RNA in regulatory processes (Sueoka.and Kang-Sueoka,-1970;

‘ Littaver and Inouye, 1973). Although t RNA metabolisn in relation *
to grouth and development has received little attentioh in plants,
some lnterest has been recently generated in this area of cell
regulation ‘(Vanderhoef et al.,1970; Norris et al.,1973; Melera et al.,

1974; Bick and Strehler, 1972).

ions on cytoplasmic contents of embryos .’ -

£

Although attempts to cytologically demonstrate fn vitro
protein synthesis were unsuccessful, since a reduction of: aind ‘acid
incorporation occurred in dry seed tissues in the pll‘esem:e of uhlabelled
amino acids and also with poly-U, ultrastructural studies were carried
out on cytoplasmic contents. to check for structures that might be

involved in the enzymatic retention of amino acids. 1f the incorporation

on £rozen sections -represents anino acid charging .of uansfe} RNA, such.

agELvLty: shodld B assoelatad with galls ox Gell ragting containing

'groundplasm' and as ribosomes, mi or proplastids, ..




where such I‘{NLspecfes vould nnmally be found,. Fuicelonal antno

acyl syn:her_as ¢ -transfer RYA would not be expected to, be "enbedded"

‘in storage bodies often found filling storage cells of dry seeds. At

least it wpuld be difficult to reconcile a physiological

funcei
hny speculation for the presence of such protein synthesis components
in densély packed storage cslls is only tenable if ENA containing

structureglare associated with such stﬂrage bédies. !

E oratoty histologic studies on Frgred of kmafﬂn sections

: demonstrated L1ptd, phospholiptd, and protetn s:ainmg particulate

nasses the embrydnic axis. containing sub-_
Stances were only reliably seen to-be associated with cell valls:
Besides nuclear mm and nucleolar RiA, no sther nucleic acid staining
was seen. The cymplasm often displayed. a pink tint with the ‘RNA
stain, but color was not decreased after RNA hydrolysis. On'thick Epon
sections cut frof various embryo regions, only a few cell types were
readily distinguished on the basis of cytoplasmic contents. These
fncluded (a) cells with few storage bodies found in epicotyl and pro-
vascular :1ssu3;b) cells with an abundance of particles stainln;- §
intensely with basie dyes and displaying a red metachromasia or (:)

cells withwan abundance of small bodles staining less intensely and

not displaying ia Mo serial oning was “done, however,

and the differing cytoplasmic contents may merely reflect different

regions of the same %ell.
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. Organelles identified by,electron microscopy as protein.

\{diges (Swift and Buttrose, 1972; Jones, 1%7A; Lott et al,,1971; -

', Jacabsen et al., 19713 Briarty et al., 1969) were particularly
bundant in all regions (Pigure27).  (Terms as''aleurone grain'y
'gmfein bodies’ or prol:ein ‘granules’ are of ten” used. synonynously

¥ (Briarty Bt al.,1969)). The ptu:ein bodies conforh to the more

. intensely staining structures on thick sectfons. Membrane’bound
pratein bodies were either electron dense or_telatively transparent;

wgd o transparent types containedamore flocculent material. Characteristic

" of the eléctron dense bogies are coe or movs-tavitied free of aiy

iy electron dense substance. - These cavities c}nfom to globoid containing
phytin storage regions (Swift and Buttmse, 10723 Lott et al. 197;“
Jacobsen et 51.,1971> Protetabodfes ere formed as 4 result, of profetn

# . am:\muiaunn in vncuules or ﬂllmg of the andoplasmic reticulu:n (Bain

and | Metler, 1966; Englemann, 1968) aftet an’ increase;in the Fibosone

- content of .the cytoplasm: Ty the onion seed,
Co . vaguolar regions cantsining small electron dense peripheral deposits

gute 27-28) and. they are interp:ated as init!nl

were of ten nbsetved

iy Y U e natutad.onal steps {n protein body formation (Simola, 197t Briarty ot &l

r’ Ser ©1969; Bain and Mercer, 1966; Opik, 1968). Free v menbane: boiid sibosomes
] " ‘were not ﬂssucia;ed with 'u[écu:ed' protein bodle "
it * . . Klao' profusely distributed in the‘mign seed e

i ktxanspatent organelles known as Iipid"bndies (Figure 29y (Sw-m and

Buttrose, 1972; Lott et al.»1971) or sD\:erosomss (Briarty ot al.,1969;-

i .




Fighre 27,

@

- Seed Babryo Cotyledon Tissues. .. . N s

Eléctron micrograph demonstrating storage body contents in

. both vascular cylinder and cotﬂeden tissues '.mr:{u};haﬁ:

" oFten varted. x6000. : \\

13

5]
Electron Microxraph Shawing S:cragé Body Contents in Oniom *

>
cotyledonary: cells, Mote (a) the electron dense protein

electron

bodiés (pb), often cavities
(b) the relatively transparent gobular (1b) and sheet.(lbs)

‘like-11pid bodies and (c) vacuolar regions containing

‘electron dénse substances conforning to,maturing.protein

bodies (mpb). Similar cytoplasmic contents vere found in

the embryo axis, but type of particle’ and density of packiqg

- s
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Figure 28.

yarlous sizes.

"‘Ibs, 1ipid body sheets).

Electron Kicrogrzph Shwlng Starage Body Com:ents in Onian

AT

Some vacuolar regfons have a flocculent material while

Szed Embtyn Cotyledan ’l'iesue,

others cantain electron dense ‘particles (or patches) of

‘Thése are belleved to be maturational
t .

steps of protein body formation(ipb). (pb, protein body;

x6000.- 1 o







Electron Microgtaph Showing Storage Body Conterits in ‘Onion

Seed Eibryo ‘Epicotyl Tissue.

- . ‘ i
Nete, the ribosome. studding (arrow) of 1ipid bodies, (1b).

Such. ribosome studding was comon for 1ipid bodies.in all'

tissues of . the embryo dxfis. The cell section shown here:
has an’abundance of 1ipid bodies; but this is not meant
contained, cytoplasmic contents similar to Figures 27 and

" 28. x27,600.

to typify cells in' this reglon, for other epicotyl ceils . '
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. Joves, 1969; Jacobsen, 1971; Jones, 1974). They appeared ¢ e
charactetistically globular but were als fouid in cytoplasmic

sheats.’- The bolkes wefe not: restricted to the cell periphery

but dis’parsed Lhroughmlt, often surrownding protein granules,

Liniting

were not le but Tibosomal

> studding was X characteristic feature, There is some evidence
that pids are elaborated by porfisns of the E.R. (Stein and
Stein, 1967; ‘Stein and Stein, 1968) and it has been suggested
(Frey-Wyssling and Mulethaler, 1965) that splerosomes are. forned

from E.R. in. an immature state.

In’conparison to the abyndance of storage bodies, there
wss a scarcity of ‘smaller definsble orfanellds as mitochondria or
pléstids n onion seed enbryos, Paroxidase and phosshitase rich
boties, vore datected by 1ight microscopy, but have not been re-

solved at the E.M. level. Besides surrounding the lipid bodies,

d ribosomes were often seen in cell regions where storage particles
3 were not densely packed. Structures conforming to rough E.R. or

ks + Golgt were only seen 1nirequent1y.

If 1n vitro amino acm labelling in dry embzyo tissues

is due to charging, of endogenous transfer R¥A, activity should be pre-
'3 ' ferentiaily found in celi'regions (or types)-where 'groundplasu' is

¢ : present. It was tenable’to ‘speculate that activity would be lower

7 . © * inicotyledon tissues d&nsely’pac/ked with storage bodies, but auto=

=5 <cadtographs displayed Iittle or no differences in incorporation

& .

betveai iEfacent anbiye tagton: T€ 16 Wot liown AL/the.Flkbsomas

3 y . &
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surrounding ‘the spherosanes are indicative of a potkntial. for

protein synthesis"(6r a residual ontogenetic haracteristic) and !
hdve assoclated amino-acyl synthetase activity. ‘Scanning E.M, |
autoradiography could be useful for grain visualization on large -

cell organelles such-as storage bodies vhich retain an adequate three

dinensional structure after Freeze drylng and coating procedures.

|
il

!

5 |

% investigations that in thick sections of ‘
onion seeds; various storage bodies retained good structural i

integrity after air or freeze drying procedures, with or without

¥ ) . . {

fixation. :
1
i
.+ Methylases:
- : ]
L .
Experiments with methionine asamethyl donor failed to It
o~ 3 i
. o g i
demonstrate reliable levels of any methylase activity. With both 3
: L
3

methionine and RNA nucleotides in the enzyme assay mixture, incor—"

1l . .
" . * poration vas distributed over nuclei and.cytoplasm, ‘(Figure’fl()) but

substantial amounts of activity remained in both meristematic and

-
ungerminated embryo tissues after DNAse or RNAse digestion. |The
‘

sane result vas cbtained with both thick razof slices or frozen sections. |

. Where nucvleotldewuded ia the incubatioh mixfure, it was.

hoped to ‘increase RNA Synthesis; the synthesis of new RNA polymers may .
, be important if methylation proceeds rapidly. In experiments with

ungermjnated embryos, the rationale was to incubate under conditions o J
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Figure 0. Incorporation fron. -Methionine into Onon Seed Root. .

UTip Nuclet. £ T2
: . g ~
méréu_oguph displaying a ¥ N
In Vivo £ton hi into epicotyl

cells of a thick slice of tissue taken from'a seed

gerainated for 36 hrs. Note label over nuclefand .

cytoplasm (arrows).

. T 4 - .
The assay mixture contained 0.0 Tris-C1 buffer pH-
7.4, 7102 ¥gCl,, 150sM KCL, 1.0m¥ dTT, 0.5a¥ each of

 GTP, AP, VTP 50uct ml~1: JHfmzt.l\yl-menhlonine (5.a.

190 ¢ mY).  Autoradiographs were exposed for 16 © -
; e

days, | G
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* polymers (or other Com ). B al nuclease sens: o "

=,

of minimsl or no protein synthesis, so that label entering nucleic

acids could be more easily resolved from incorporation into peptide

incorporation into nucleat, nucleolar, or cytoplasmic regions vas ¢
not ni:':amed in any experiments.. Activity is possibly due to
incorporation (or non specific adsor‘p‘tion‘) 1info a nusber Gf tissue
|ubsr.am:es, but incorpnxatl.nn into pxm(n. the most obvious candidlte
for an anino- actd as methionine o charging of transfe RNA resides,
wes not investigated. It is tenable that methyl groups fron sethionine
arg incorporated into protein ol (or) nucleic acid polymers (and

other compounds) but at such low’ levals that different activities

are ot distinguishable. . .
RNA methylase activity only was detected vhen SAM was sul;—
stftuted for methionine as methyl donor (Figure 31). In meristematic
tissues incubated vith SAM, muclei displayed a relisble Level of
activity and most incorporation was sensitive to RNAse hut not DNAse.

Ac;lvi:y was distributed over cell nuclei with no preferential nucleolar

, incorporation. Attémpts to 'activate' DNA methylation with exogenous

trypsin vere, unsuccessful.” When trypstn was lncluded in the reaction

mixture, tissue digestion was and n'u

of activity was possible. Thus, in plant mermmm cells, SAM ean

be used as methyl donor to demonstrate satisfactory levels of cytolopical

 mk nethylase, in contrast to WA or protedn polyner methylation resctions.




Figure 3. In ¥ftro oS 4 1 1

into, Onion Seed or Bulb Root Tip Meristematic Nuclei.

Autoradiographs displaying

Incorporation from SAM into cortical cells of an ontod ™

seed root tip, % 5

B ) - B. Incorporation from sg‘ £o cortical cells of an onion
) bulb oot tip. & . '

. " C. Incorporation from SAf into cortical cells of & bulb
it 2ss

. ) root tip after RNAse digestion. .
Frozen sections vere prepared from ondon seed or bulb oot
- ‘tdps (2-4 ' long). The aséay mixture contained 0.05M.Tris— * L
’ " Clbuffer pi 8.0, SWM KCI, 0.02a dTT, Shed mi h-s-
4 : . . adenosyl-nithyl-nethioniine (s.a. 7.3 CLa¥" ). Tn C. , 1

tissues were post treated with R¥Ase. Autoradiographs vere

exposed for'21 days. x800.
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1 o The type of RNA cytologically methylated is of interest,y
It was ‘once Beuevea that t RNA methylases in nucleated cells were -

lncalizad 'ln the nucleolus (Bin\sti 1 et al.,1963; sirlin’

1963) but 1: Has since beep Established thal

‘most’t RYA methylase -
. ' activity 18 found in the r:ytoplum (Tsur.sui 6E al,,1966; ‘Sinon

et al.,1967; Baguley and S:aehe]in 1968) Stud‘les have also

" suggestsd that methyl grcups of T ﬂuA are 1ncﬂrporﬂced into nucleolar "
.- SsEA (Greenherg and anmnn, 19663 Zimmerman and fHoller, 1967);

in this study, hnwevsr, there appemd eo higmo Freferentia‘l nucleolar

-lahelling.

ww R . Messenger RNA (mRNA) is believed to be derived from a hetero-

enous class of ANA (hnRMA). This haRNA, in contrast to tuileolar rRNA,
« X " is characterized by heterpgeneity in size with no detectdble discrete
species (Welnberg, 197) hnd 1t is belleved to be-synthesized solely
. 1 the nucleoplasn-'(Penna, 1966). AI-(hougb it is metaholically
Tabile, it is known to bel synthesized at such a rate, 'that aftec'a

i short 14belling period, if represents most -of the acid precipitable

e radioactivity mcnqm»a:ej' into cellular mm (barmell, 1969). It is
tenable that a large proportion of ik retai_ned 15 thiessiscaoilan of

2 :1ssue sections is. sinilat. to,this hnRIIA, but hnRNA 1s one of the” few

species of RNA um is believed not to be methylaled*(ﬂelnbarg, 1973).
"+ - In'addition to the, ribosomal RiA of the nucleolus dnd the” ImRNA
Muramatsu dnd Hodnett, 1966), presented evidence for the presence: in
]

% T have been informed (DE. B. Sells) that methylated o-RNA has ‘been
repcrted. Cell 1: 37-41 (1974 wis

Tof the nuc;eopxasm, vork in the, early 1860's (uramatsu and Busch, 1965, :




eukaryotic cell nuclei of a class of WA (several séecies) “ow Khown,

as 'small molecular weight stable nucl\eal: RNA (SnRNA) & Although

SRNA's_have ‘been Found 1 a nymber of diffefent cell types, they

have not’ been’ investigated in plants. P(Qét Snkna speciés are found
outside the nucleolus while others are &e’lleved to be nueleolar

’(Heinberg, 1973) and thisiRNA {5 methylated post ttanscriptianally.

It is believed that nuclenp_lasmic SnRNA is. associatedawlth protein

after synthesis (Walters et al.,1970) but 1it'{s easily dissoclated

from ¢chromatin by low molar -salt. and even isotonic buffers (Weinberg

* .and Penman, 1969; Rein, 1971). It fs not known if this RNA species

‘7 1s'retained on tissue sections under the present experimental method.

Another species of RNA, chromosomal RNA (cRNA). was described

* in 1965 (Huang and Bonner, 1965) and its prdperties and function ‘in
e e L e Sa revieved (Holmes et a1,,1972). Chromo- -
somal RNA is believed to be covalently Mund to chromatin hlstﬂne
Ghiacg and Bonmer, 1965 Jacobsen and ommer 1971) bue there 1

* evidénce that ¢ RN resembles r RNA (Dahmus and Mc({cnnell,:,l?éQ). i3

+the activity observed in tytologic studies confur_n;s to m‘et‘hylatedv'c RUA,
it 18 ‘intemsting that 1 is_not localized pre{eren:tauy 1in the nucieulu’s.
g If there vere a lov Level i methyl group transfer to proteta
# volymers‘on uytqlugic sections, it ;s donbr.ful that it cou].d be easily

detactéd, assuning plant ‘protetn mechylsse products- compnr wich those

® charqc!erized biophemically frum inimal tissues. Me:hylase 1 t:rsnsfcrs

methyl groups to arginingparticulaz‘ly in‘added histone (Paik and Kinm, 1968;




y &

" Patk and Kis, 1969) and is mainly found outside the nucleus;
Methylase II transfers methyl growps to amino acid carboxyl groups
and is similarly found outside the nucleus; Methylase III is found,

in‘cell nuclei (Allfrey et

7,1964; Kin and Paik, 1965;, Sekeris et
al.,1967) ind transfers methyl groups to lysine residues in added :
histone: * It is not known, if incorporation into histone by methy-
lases' I and' ITT would be substantially removed by the acetic acid

used fixation ( Dick and Johns, 196&) Also since methyl

groips transferred to carboxylic assa mmues by methylase II,
forn ester linkages, they may be umstible to scld hydrolysis (Kin
- and Paik, 1970; Kin and Paik, 19711 and lost from tissue secticns
. ) ; f
by ‘ac‘etic acld and TCA treatment. |
Although RNA methylases v been well characterized in
pm:s, their existence was es:abushzd in the early 1960'5 (Birnstiel

et al.,1962; Srintvasan and Borek, 1964). Of specific faterest to plant

cell is the that the L ﬂf Purlne

. residues of both t RNA and r RNA is enhanced by the plant hormone

gibberellic acid (Chandra and D\rynste!, 1971) Evidence questioning

1n-vivo work on plant RNA Iezhylatiun, has demonstrated that plants °
incorporate’ methyl ‘growps mich more ‘apidly into pectin or its pre-

cursors than into RYA, end pectin also contaminates RNA fractions on
acrylanide gels’ Another potential source of contamination dn plarits
could also be liemicellulosic residues (Bonner and Vamer, 1965). ‘The

R : . > .
. -present cytologic vork'supports the presence of active RNA methylases




_in plants. Information from several sources has led: to acceptance
of SAM as .the immediate methyl donor-in RNA although evidence has '

not'shown that methionine is'the major endogenous source :qﬁ RNA

methylation in plants. Other sibstrates besidés nucleic acid and

protein polymers possibly compete for methionine; SAM is the methyl

" donor for methylation of phosphatidylethanolamine: to phosphatidylcholine ) i
5 N |

Wilson et al.,1960), a ubiquitous component of membtanes of higher -

organisms' (Rothfield and Finkelstein, 1968). ~Spermidine and putrescine . |

polyanines, which are common in higher plants (Smith, 1971) have high o
- synthetie fates in rapidly growing tissue (Zabor and Tabor, 1973) and
“plant seedling cell free extracts are known to decarboxylate SAU

(Baxter and Cnsc!a, 1973) :m the synthesis of ‘polyamines. ‘:hus, .

although protein and DNA Folymera,ss vell a8 nany ‘other coipounds, can i
potentially, conpete for. SAM,an efficient level of WA methylase can
" be_cytologically demonstrated in plant root meristematic cells.

Since RNA.and protein synthesis does not begin in onion seed :

emhryn% \mnl after several hours hydration, it wquld be interesting to .

deternine if RVA methylase exists in ungerminated seeds. Infornation on )

the ability of condenséd chromatin in different 'resting' cells to effect

F h i
in situ methylation would be informative. Lack of activity could be due
2 n E . %
to absence of functioning enzymés or the proper.template ‘requirements. . .
. 1
This could be.established by Blochemical assay with 'artificial' under-
Al ‘ »

methylated RNA polymers:
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.Poly (ADP-Ribose) Polymerase

_ Ahigh level of incorporation £ron’H-NAD was cytologically

detected in both merlstematic and ungerminated onion embryo tissues

(Figire 32). 'In the growing roots at least 30% of the cells, were :

'Heayily' labelled (Table 10). -Labelling was intensely distributed .

bver the nuclei with no préferential nucleplar activity; distinctly

\labelled ‘cells were from meristematic tissues, the pattern resembling
in vitroDVA polymerase activity. It is interesting that in the un-

germinated embryo, an intense incorporation was obsérved in‘all

Elasiies rom fost cap eFiderata: th the cotyladon. £1p.nd at least 90%
% . the, em‘bryoni: axis were labelled. Endospern tissue,
¥ however, contained little or no activity.
When reaction products from enzyme digests were chromatographed
" on thin layer plates, radioactive reglons with mobilities similar to

; i ) "
ADP-ribose ahd 5-AMP were localized on chronatograns (Figure 33). ‘Ihus,

* ¢ at least part of the activily cytologically demongtrable is tentatively
identified as incorporation of NAD 'fntoa poly(ADP-ribose)polymer.

A great_deal of interest has centeréd around observations on
several mammalian tissues that ADP-ribosylation of nuclear ',;roteins cnus‘es
an tohibition of endogenous DNA polynerase activity in isolated nuclel
(Burzio and Koide, 1970; Hilz and Kittler, 1971; Nagao et al.,1972;

Lehmann and Shall, 1972). Poly(ADP-ribose)polymerase activity from a

number. of sources has also been. reported to be low in S phase (Smulson
R ¥
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Figure 32, In Vifro Tncorporation from “H-Mcotinatde Adenifie L

" Dinucleotide into OniomsSeed Rook, Tip Meristematic:Niclel'

and Ungerminated Seed ‘Tissues.
. VT

Aotoradiographs displaying . ) -
. A Incorporation’From “H-NAD into cortical cells of an °
onfon seed oot tip. xB00. . 3 S :
B. _Incorpcrrgyion from H -NAD 1m:o~cells of the root ::Rp

apex of an ungermifiated onion embryo x150.

Frozen sectiqns were prepared from germinated uniun seed

root tips (2-4 ‘mm long) or ungerninated embryns The assay
mixture contained 0,054 ms-cx buffer pH 8.3, SmM M,;(ca3

CUD)Z' 3.3mM NaF, SDmH KCl 3 DmH dTT, 50uCi ml
3

adenine dinucleotide (s.a. 3.46 Ci mf(™>),

Aitoradiographs were exposed for 7 days. . «, @
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. 3 -Table.10. Percentage Ou!m Seed Imt Tip lhrllmr.ic Nuclei Displlytng

_Intense In' Vitra lnl:n_pon:lm from 1I‘l-lIAI)

% riucled.- -displaying ‘intense®

 Nimber ‘of nuclef sectian” couited
i, e : rnmpmum from Jn NAD

115.050.52 33.1847.50

Prosdn sections vers prepared frm garainated onion seed xuot’;ips'(z-;
om fong). The assay mixture contained 0,05 Tris-Cl buffer pK 8.3, Sn
é ; MgCl,, 3.3uM NaF, S0sM KL, 3.004 a1T, S0CL Y4NAD (s.a. 3.46 c1 mi).
Autoradiographs were exposed for 7 d-;;. 16 sections were analyzed for

activity.

" % Nuclei displaying intensé incorporation had grain densities beyond

“e g

-the fesolution of individual grains.




_Figure 33. Radiochromatogram Detection of AMP-r{bosé and AMF as, | \

possible Prodicts of a Poly(ADP-ribose)Polymer,
P s g .

. )

" The assay mixture containen’ usu Tris-Cl buffer pH 8. 3,

“SmM Mg(CH CBO)Z, 3.3m NsF OmH Ke1, 3. MM dT’I‘, 50ucCi .

—13a

H NAD. (s.A. 3‘,1»6(;1 i ). Embryo homogena:es were

1m:ubated vasted with TOA, hydrolyzed vith NaOk,

.l " neutrilized, incubared wm. phosphodiesterase £olloved
by pronase incubation, Etharol dtssolved digests wore .
run oh p;alyethyle)\_elmine cellulose platds. S_(_:ar‘ls vere,

at a Iinear range of 100 c,p.m., tine constant 100 sec.;

and a chart speed of 0.1 cm hr''. S-AYP and ADP r
standards vere detécted under UV light. The two major
activity peaks (A) and ‘() are C'* marker spots used for

calculating R values.
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et al.,1971; Sugitiira et al @H73; Haines et al
Arole for the polymer“in DA synthesis has cone from observations
that it can release DVA polymerase from-chromatin and block the :
'activ;ty of c_(:r:ain endonucleases (Bgrzin and Koide, )1973; Yoéhihara
and Kolde, 1973; Yoshihara.et al.,1973; Yoshihara et al.,1975); which
possess the ability to activate the ;amplate for D¥A synthesis (Burzio
and Koide, 1973;’H,ew§sh and Burgoyne, 1973} Ishida et ak.,1974). It

. \ X .
has alfn been reported that the polymer can inhibit liver DNAse (Yamada
et al.,1974),

Other evidence has not .upheld a negative correlation betwéen
DNA replication and poly(ADP-ribose) activity (Lehmann and Shall,’1972;
Lefmann et al.;1973; Burzid and Koide; 1971; Burzio and Koide, 1972;
‘Muller ef al,,1974). Regent work further siggésts a role for the polymer
in template activation and DNA synthesis, stimulation, It was shown that
in He La cells ribosylation.of nuclear proteins is :uac%d to template
actiya:ilonv for DNA synthesis, as demonstrated by bacterial polymerase :
probes (Roberts et al.,1973). Stimulation of DNA syn:hesi; by ribosylation.
_was detected throughout the cell cyéle of He La cells, with maxinal an-
haticenent in G, .
indicate exposure or gedération of additional 3-OH primer sites due to
ribosylation reactions.
The reason for these different effects on DNA synthesis are not
known. "“There is some_evidence, however, shat the presence or absence: of ©

poly(ADP—ribose) inhibitable nucleases. whlch may have primer function, can

Binding studies with DNA polymerase (Roberts et al.,1974)
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explain the contradictory eviderice about the role of the polymer in

DA replication (Roberts et al.,1974). ' .
‘ An early report suggested that ‘cells having high leveis of
RNA synthesis also have high specific poly (ADP-ribose) polymerase

activity (Haines et al.,1969). Ili has been similarly demons trated

with actlnmﬂycln D v;hat continuing RNA synthesis is necessary for
naintaining thc acclvity of the polymerase (@mulsan and Rideau. 1972).
H Other workers have, however, detected no such' relatimlshiy. and some
% _(Lehmann et al.,1974) have cautioned against the concentrations of
actinonycin inhibitor used in comparing R¥A synthests and poly (ADP-
ribose) polymerase linetics. It has algo been demonstrated that )
purified preparations of poly(A‘DP—rihase)pulymerase are inhibited
by actinomein'D (Yoshitara, 1972). Besides carlier in vitro work
(nuum and Koide, 1971) showing tha( “incubation of chrmnat n with:
"*NAD did not dfFect its capacity for mm synthesis, it is noted that‘

transcription, as prphed by bacterial RNA pnlymerases (in contrast to

DNA polymerases) is not affected by poly(ADP-ribose) formation during -*

the cell cycle (Roberts et al.,1973).

It has been suggested from in vitro studies that poly(ADP-
ribose) -is covalently bound to nuclear proteins, principally histones

(Nishizukaset al.,1968; Nishizuka et al:,1969; Otake et al.,1969) and

ADP-ribose is attached to histones in vivo both.as a monomer and a

polymer (Ueda et al.,1975). Since the polymer seems primarily bound
to histone, which is non covalently linked to DNA and RNA, it is en-

couraging that'a high level of activity can be retained cytologically

e —

i




after fixation in acetic-acid: aleohol and ‘after repeated vashes e
" 10A and distilled water, . ¢
Op timum c_ondizions- for enzyme activity were not d'ege;ned.
Glycohydrolases vhich degrade the polymer are known to be . A
nuiber of mammalizn tissues (Miva and Sugimura, 1971; Ueda' et al.,1972;
Miyakava et al.,1972; Stone and Shall, 1973) ang polymer degradation
has been ‘noted in"several cell systems after varying periods of Lsbusion:

Ineyme activity would also be influenced by enzymes effecting NAD break-

down as NADase, NAD py orylase, and é Tt 18 not
known what role polymer or prectirsor degradative enzymes play in in-

fluencing enzyme activity in either the dry seed or the actively growing

meristem,

In the seed meristem 1y 30% (Tablet 10).

of the cells demonstrated an intense activity similar to results for in yltro
;WA polymerase on frozen sections.’ It i3 thus tengble to speculate’a
pos).t].ve correlation with active S-phase nuclei, supporting the most™ |
recent hypothesis for pily(ADP-ribose) polymerase Functlons Tnjthe un-"
serminated seed, howayer, intense activity was found in tissues other than

ptesu.mptive meristems. Althuugh little if any r.hymid'lne (at high *

specific activity) vas found to be incorporated in vivo'in  storage

cotyledon cells, an intense poly(ADP-ribose)’ polynorase was found zhere,
asin 11 tissues of the ungerminated embryo. The pattern of Iahel in

the ungerninated seed excapting the endospers, is reminescent of RNA
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polymerase activity in the early hours of hydration, before nucleolar
labelling becomes distinct. “Futuge hypothesis o' the role of this

énzyme in the eukaryotic cell will have to consider its présence in .
-plants as well as the pattern of enzyme activity in various seed tissues.

1t 15 affficult at!this time to assess a blological role for

Noly(ADP-ribose). Studies reported here add further novel character-

.
{stics. Although much evidence has centered around inyolvement of

the polyner in DNA synthesis, its role in RNA transcription and
«chromosone structure renain to be elucidated. It is possible that: it
ney be involved 1n cell eycle chromatin nodifitations similar to
“phosphorjlation acetylation, and methylation reactions. ADP-ribosy-
lstion may be a genera? mechanism for regulation of ensymic activities.
In addition to chrematih ribosylation reactions, other conpounds such as
diphtheria toxin, catalyze the transfer of the ADP-ribose moiety of

NAD to peptide elongation and transfer factors (Honjo et al, 1968;

Robinson and Maxwell, 1972). After infection of E coli with bacteriophage,

the DNA-dependent RNA polymersse is modified by ADP-ribobylation of ghe
sub units (Goff, 19744 Zilling et 'a. :
4 . -

,1974). Many 'non_specific'
‘functions cannot be ruled out for the enzyme, sipporting the hypothesis

that ADP-ribosylation by poly (ADP-ribose) polymerase may play a dynamic

role in the cell in regulating enzyme activities..




SUMMARY, AND 'LUSTONS
¥ o,

nhnse)polymems in frozen'séctions of plant tissue. DY 701y—

arase, poly (AWP-tibose)polynerase and mm methyl'ase have been =y . oo

cytologically estabh.shed forathe first time .(from any tissue souzce)

and pUly(ADP—ribosE)polymerase had beén recorded for tha “First time '

- frvm a hlghsr planr.. A:r_empt.s to demonstrate 1:::; proteiﬂ syn:he91s

on tissue sections were unsuccessful.’

“Bothn nucleolar and nucl&oplasp\h: RNA p:ﬂ.ymerases wére uemon— . B

ixture containing H-UR. - .
Throughout. the tissues of the embryoni¢ axis, general nucleoplasmic -

labelling was observed before any 1ahel was found” to-he ‘distinctly

associated with nucleoli, It is not knnwn if nuclenlax fusinn in the

endqspem tissue effec:s anet congentration of RNA polynerase enzyme,: .-

thus pernitting its earliet

tection, or if nucleolar.pclymerases are

attivated more. readily in the, éndospern than in the T
\

the’ “imsprouted cmon m

th nucleolar and nu:leoplnsmic pcl)'merasas 3 ® 4

3 cnuld be read11y ﬂetel‘_Led 'The nethpd permits the, distinction between,” =)

n\lclsolax and (\ucleaplasmic polymer’ases and it Vould be interpsting to | ..




wlud.l h.lve been fnztlonat:d fn- plan: r.hrumtln.

The nucleoli 1!\ hnlh onion bulb root und peed tiuuu N

s are / tibrillar, ¢ of tissues with
. . e :
.- minimal or no rijosomal RNA is.- In appropriate sectifn
= = :
e of zhe»mfﬁ, i chromatin is with

chrmmsnmal mterhl and one or more rows of condensed chromitin

masses are fnund it the nm The

1 "region
canda.nsed nassés are probably represmtativa of a :;pre;.ed state

of chromatin mierofibrils, "normally’ active in the transcription

of ribosomal ‘RNA synmem, The presence of extensively vacuolated
_nucleoli In‘the seed cot,yledcn tip supports the hypothesls crm '\\

vacuules need not he dynanically associated with ribosomal RNA synthesis.

In any b ilnloglcll studies (xn plant tissue) on the .

initiation of cell a:nvlry after a period of ‘rest' it is upumm
to’estabtish any characteristic suggestive of grouth or degenexanva
“chaiges. fnalysis of onion seed and bulb roots for G, cells raveaTed
the presence of'a. dhitj.n;:l mumber of cz'ceus in the hl;lb roots.
 Further studies demesitvatel thit the wasprouted foots sre capable of

" a Tow level of growth and'cell divisfon. Uftrastructural work also

" demonstrated possible growth and (or) degenerative thanges under
storage. Thest included ex:ensiye cell wall degudltiﬂn, vesicle
rommlﬁr’{mm stacks of :ndvplnsmic rencuxum, and prenm:e of various

types of membrtme mndifi:alinnﬁ, some :Eneuhling autophagic vacucles.




A significant level of nuclear DNA polymerasé activity can

2 )
in an assay mixture with SH-TTP. Much lover levels of activity are .

obtained when tissué slices or intact roots are pretreated vith toluene

be detected in frozen sections of root meristem cells when incubated : '
!
1
I

¥
or freezé-thawed at -20°C, -60°C or -200°C. Such procedures, however,

permit composite pictures of activity to be more easily obtained. In-

corporation is optimal in the presence of all four deoxyribonucleoside
triphosphates and displays sulfhydryl group dependence.  The nuclel
nspxayxng in vitro VA polyrerase are believed to ve those in § vhnsa

at the tine of tissue preparation and are not nuelet aisplaying DUA repals
activity mediated by the expenmental method, .

A 1o level of ‘NA polynerase activity can be detected in the

yngerminated onion seed emb

of cycloheximide or ribonuc

[ease .and thus appears not to be dependent

on de novo protein syn:hesx o i et (65758 eaEABIisRAd TN e
advivity. \:m the dry séed is 1nvolved in' DNA repair mechanisus in seed storage.
Yhen ungerminated onion seed el'nhryo tissues were incubated i\'} the
presence of saturating levels of micrococeal DNA®polymerase, incorporation
£rom JM-TTP 4s higher in presmnptive feristenatic tissues as the epicotyl,
PEGiAsCulNE ad Bpldarel eells than in storage cotyledonary eissucs. | Tuis
indicates retention of a more dtFictent templatesand {or) priner in '

these: tissues for the enzyme. It should b‘c\established if D¥A strand L oy

* setgsion,oceuts dn aging seed ;Lssues

This activity is found in the presence -




L.o1880 . . 5

" o N ]
4 . m : studies i

_of the chromatin in lll x:gl.mu nf thg embryonic axis. Altliough

qualitatxve dﬁfferences hf the condensation state are apparent, between

some nuclei of presumptive meristematic tissues, such as rhe spicotyl

cclpar&‘d to storage cotyledon cells, extensive serial .egzinning is re- {.
quired before any association between miclear ultrastructure and template
a'cslvlty of nuclear chrma[i'n can be made. The!e studies “should be v
supplemented with E. M. cytocheiical probes for DNA templates.
! & flicteatior cytoplasmic in vifro protein synthesis could not be
’ established on cytologic sections. A mxnv Yevel of Mino actd o

Corporation vas retained over both nuclei and cytoplasn, but vas not

d d with eora ‘a‘[ 9 :hxpu.-
phenteol and O— in u i en_lbryu'l

in the presence of ei:her an excess of ln\labeued amino acids or with 7
‘poly-U and it n!wuld be 1y ot sEanine-Gil are res-

'wmnle fof the tncorporation. .
Ul:ra_ntnxzun]\studies of the nyteyluni; contents of various
regions of qhe embryo demonstrated possible aress for retention of
activity hy oharged transfer RNA. Although densely packed pmbei.n m
1iptd bodtes axe found in all regions, cells often_display remns . !
of groundplasm containing \'uﬁpm:s. endaplasm{c reticulum nnd mito-
chondrid: * Although pmmn bodics appeait not to be Auuociar_ed with ribos 4

somes, most lipid bodies are charnnteris:lcally studded.with such organelles.
i 3 ¥ "




. Attemp'ts to establish a cytological method for either **

protein, DNA or RNA methylases, were syccessful only for RNA

fisthylase activity. With methionine as substrate in an in vitrs

assay mixture, RNA methylase could not be reliably demonstrated in

;  either germinated or ungetminated seeds. A suitable level of WA T
methylase, activity was demonstrated in meristematic root tips of |
it e ik e e Bt Bths, Ve S-S L e Gt
was substituted for methionine. Activity was generally distributed

over the whole nucleus with o’ preferential  nucleolarincorporation. )

Approxi 30% of the meristematic cells displayed RNA methylase *

activity in both bulb and seed root tips. It needs to be established

which s}:ecies Of RVA are being methylated while §till bound to cllr‘nmatir;. : k
No attempt vas made to investigate activity in ungerninated secds using t
" 'activated' methionine. ‘ |
" tn enzyne tentatively identified as jpoly(ADP-ribose)polymerase
has been recorded for the firsttime in a higher plant. Whem cell ex- - i
tracts were incubated dn-am Q?;ay mixture with JH-NAD, an acid Insoluble
polyner was formed. Labelled 5-AMP and ADPr were detected after phosphodies- .
terase and protease digea:len. ,The enzyme was also demonstrated cytologically.
ilen oot merisran celinsire incubated, wpproxinately % of the cells

an interise i ion. The jctivity was distributed over” -

the whole nucleus with no preferential nucleolar incorporation. When

“ tissues of the ungerminated seed were incubated with NAD, intense activity
3 G
. H . 3 A




A v :
how reliably reaction products can be retained in chromatin of

Bantted 14 all tissues from root cap Epidéx‘l;ﬂl cells to the tip of
the cotyledén with more than 90Z of the cells displaying activity: -
Relisble activity could not be established in endospera tissues of
siradnated ok genxr:.lcsng seeds. Most trloFk 5 Bt S

role for poly(ADP-ribose) in b

Tor
DNA synthesis. The demonstration of siniler numbers of cells dis- '
playing DNA polynerase and poly(ADP-ribose)polymerase in-root mer-
fsters support this hypothesis. A physiologlcal role for the high
activity retained in tissues of the ungerninated seed will have to
be considgred in future hypotheses on the functior of this enzyme.
' The n vitro procedures established in these studles fof the
ormation of insoluble isotope containing products by chromatin bound
enzyBes, should be useful in futher studles of cell or tissue

differertiation. To extend the method it will be of interest to see

various animal tissues.
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