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ABSTBACT. 

Two developmental systems f o r leaves o f Festuca pratensis 

were compared, namely development along the l e a f (base to apezj 

and development o f the whole l e a f w i t h t ime. The methods f o r 

examination o f nuc le i c acids f rom leaves o f F. pra tensis were 

op t imised and the changes occu r r ing i n rRUA f r a c t i o n s , tRNAs and 

polyribosomes dur ing both developmental systems were recorded. 

These changes were r e l a t e d to changes i n l e v e l s and syntheses o f 

so luble and p a r t i c u l a t e p ro te ins . A c t i v i t i e s o f enzymes i n t i m a t e l y 

i nvo lved i n these r e l a t i o n s h i p s , namely RNAses, ATPases, 

phosphatases, pyrophosphatases and phosphodiesterases were 

moni tored du r ing development. The metabolic s tatus was f u r t h e r 

examined by the study o f the polyp eptiiie.' - synthes iz ing capaci ty 

o f the ribosomes a t d i f f e r e n t stages as revealed i n wheatgeim-

der ived c e l l - f r e e systems. Three phases o f increased metabolism 

were apparent i n both developmental systems but only the i n i t i a l 

and f i n a l phases invo lved increased ENA synthesis which was 

c o r r e l a t e d w i t h increased p ro t e in synthet ic capaci ty. 

Work i n v o l v i n g "greening-up" and exc is ion showed some 

s i m i l a r i t i e s to the normal courses o f development but also 

impor tan t d i f f e r e n c e s p a r t i c u l a r l y w i t h respect to the magnitude 

o f the response. 
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CHAPTER 1. 

I . General I n t r o d u c t i o n . 

Development con t ro l on many l e v e l s . 

The i m m o b i l i t y o f higher p lan ts causes them to be p a r t i c u l a r l y 

vu lnerab le to environmental s t ress , thus, u n l i k e animals which can 

o f t e n d i s soc ia t e themselves from the po in t o f s t ress , they must r e l y 

more h e a v i l y on t h e i r inherent genetic p l a s t i c i t y . This may be a 

c o n t r i b u t o r y f a c t o r i n the maintenance o f a d a p t a b i l i t y throughout the 

development o f h igher p lan ts and a j u s t i f i c a t i o n f o r even the ageing 

process gene ra l ly being under p o s i t i v e c o n t r o l , u n l i k e the equivalent 

process i n animals where the accumulation o f random errors i n the 

c e l l u l a r physiology cont r ibutes to the ageing cond i t ion (Orgel , 1970). 

Unl ike c h a r a c t e r i s t i c animal ageing, the ageing of higher p lan ts i s 

f r e q u e n t l y r e s t r i c t e d to p a r t i c u l a r organs; f o r example, cotyledonary 

leaves senesce f o l l o w i n g product ion of secondary leaves (Cherry, 196?) 

or seasonal senescence o f the a e r i a l par ts of many herbaceous p lan t s . 

I n these ins tances , a. con t ro l i n senescence i s required f o r the 

maximal redeployment o f metabol i tes to growing (Thrower, 196?) or 

storage t i ssues o r seeds ( S i n c l a i r and de W i t , 1975). Leopold (1961) 

has f u r t h e r h in t ed at the ecological advantages inherent i n a h igh 

turnover o f generations to encourage genetic se lec t ion of adaptive 

q u a l i t i e s so impor tant to the immobile p l a n t . The a d a p t a b i l i t y o f 

e a r l i e r phases o f development i s i n the recept ion of environmental 

s t i m u l i on which the subsequent development of the p l an t or 

p a r t i c u l a r organ w i l l depend. Thus, the daylength p r e v a i l i n g dur ing 

ear ly stages o f l e a f development may in f luence the onset and course 

of senescence (Kr izek et a l . , I966; Schwabe, 1970; Spencer and 

T i t u s , 1972). 

I n v e s t i g a t i o n s i n t o the development o f higher p lan t s are 

complicated by t h e i r l a c k o f u n i f o r m i t y and because ageing of 

i n d i v i d u a l organs i s not simultaneous. To impose u n i f o r m i t y , f o r 

example by the use o f excised organs i n experiments, immediately 

removes the c o r r e l a t i v e in f luences o f the remaining t issues and the 



course of development w i l l be d is turbed (Lewington et a l . , I967; 

Simon, I967) . This po in t s to another experimental problem i n tha t 

the course o f development under d i f f e r e n t condi t ions may appear to 

be the same but may, i n f a c t , r e s u l t from several d i f f e r e n t pa t terns 

o f metabolism (Simon, 1967). 

The inherent a d a p t a b i l i t y i n d i r e c t i n g subsequent development 

poses experimental problems o f r e p l i c a t i o n . I t i s v i t a l to 

development s tudies tha t constant condi t ions are maintained f o r the 

growth o f the p l a n t which must be as g e n e t i c a l l y un i form as poss ib le . 

Most environmental i n f l u e n c e s ( f o r example, l i g h t , temperature, water 

s t ress , i n f e c t i o n ) and even the p o s i t i o n on the p lan t ( f o r example, 

Hedley and Stoddart , (1972 b) found d i f f e r ences i n the development o f 

t h i r d and f i f t h leaves o f Lolium temulenttim) a f f e c t the course o f 

development o f the l e a f . I n a d d i t i o n , t o t a l l e a f measurements may 

give a f a l s e impression o f the metabolic status of the l e a f as the 

d i r e c t i o n o f f u r t h e r development m i ^ t r e s u l t from catastrophic 

biochemical changes conf ined to a small area (Hardwick e+: 'al ,19^8) 

The l e a f i s , t h e r e f o r e , subject to an enormous v a r i e t y o f 

s t i m u l i on emergence. L i g h t i s the most obvious in f luence both i n i t s 

q u a l i t y ( i n t e n s i t y and spec t ra l composition) and dura t ion . Phytochrome 

has been f r e q u e n t l y imp l i ca t ed i n the mediation of the reac t ion to 

l i g h t . I t s f u n c t i o n has been r e l a t e d to increased enzyme syntheses 

and a c t i v i t i e s ( f o r example, Graham et a l . , I968; Schopfer and Jfohr, 

1972), increased accumulation o f RNAs ( f o r example, Thien and 

Schopfer, 1975)> c h l o r o p h y l l synthesis ( f o r example, Nadler and 

Granick, 1970), increased hormonal l e v e l s ( f o r example. Black and 

V l i t o s , 1971) and numerous other developmental components which lead 

to profound e f f e c t s on l e a f morphology (Sanchez and C o g l i a t i , 1975)> 

i n t e r - o r g a n c o r r e l a t i o n s (De Greef and Caubergs, 1972) and 

developmental l i f e span (Singh, 1975)- However, these are regarded 

as secondary e f f e c t s . Despite repor t s of i t s physical associat ion 

w i t h n u c l e i c acids (Gals ton, I968; Qua i l , 1975) the l e v e l a t which 

phytochrome con t ro l acts seems to be concentrated at the membranes 

(Hendricks and Bor thwick , 1967; Tanada, 1968). This concept 



e l imina tes the assumption t ha t organismal development p r i m a r i l y 

invo lves the s e l ec t ive con t ro l o f gene expression. Pos t - t r ansc r ip t i ona l 

c o n t r o l , f o r example through the a c t i v a t i o n o f e x i s t i n g i n a c t i v e 

enzymes, may appear ene rge t i ca l l y expensive but i n view of the value 

o f r a p i d a d a p t a b i l i t y , already expounded, t h i s l e v e l of con t ro l may 

represent a veiy important asset. Synthesis of enzymes from 

t r a n s c r i p t i o n a l l e v e l takes perhaps several hours so tha t the 

presence o f an i n a c t i v e pool of p o t e n t i a l l y ac t ive enzymes which 

could be r a p i d l y mobi l ized would be a great advantage. However, 

those responses which do not requ i re immediate i n t e r p r e t a t i o n may, 

indeed, be mediated through nuclear channels o f c o n t r o l . At l ea s t one 

o ther photorecept ive substance, a b l u e - l i g h t absorbing pigment, i s 

impor tant i n the mediat ion o f photomorphogenesis, thus p r o v i d i n g a 

greater v a r i e t y o f the capacity to adapt. 

Dur ing ageing, leaves r e t a i n the same elements of metabolic 

f l e x i b i l i t y a l l o w i n g continued m o d i f i c a t i o n to adapt to p r e v a i l i n g 

cond i t ions . This i s perhaps best exempl i f i ed i n the regreening 

proper ty o f many senescent leaves \inder favourable condit ions 

(Wol lg iehn , 19^7; Simon, I967) and the r o o t i n g o f excised leaves 

(Woolhouse, 1967). 

The e f f e c t s of growth regu la to r s at a l l phases of development 

have been widely repor ted but the primary expression of t h e i r e f f e c t 

remains specula t ive , ranging f rom d i r e c t e f f e c t s on nucle ic acids 

(Woolhouse, 1 9 6 7 ; Dyer and Osborne, 1 9 7 1 ) to i n h i b i t i o n of pix)tein 

h y d r o l y s i s ( K u r a i s h i , I968; Tavares and Kende, 1 9 7 0 ) . The 

r e a l i s a t i o n tha t e f f e c t s o f exogenously appl ied hormones w h i l s t 

i m i t a t i n g normal processes s u p e r f i c i a l l y f r e q u e n t l y acted v i a 

completely d i f f e r e n t channels (Woolhouse, I 9 6 7 ) bas devalued the use 

o f hormones i n development work. However, out o f such work has come 

theconf i rma t ion tha t development can f o l l o w a number o f d i f f e r e n t 

courses w i t h the same u l t i m a t e phys io log i ca l expression. 

The p o s s i b i l i t i e s of pools o f i n a c t i v e enzymes and l o n g - l i v e d 

mRNAs tend to lessen the importance o f nuclear cont ro l since the 

pools col l id be es tabl ished dur ing ear ly development. Even work w i t h 

i n h i b i t o r s need not necessar i ly imply requirement f o r mRNA 

t r a n s c r i p t i o n although rENA and tKNA t r a n s c r i p t i o n con t ro l may 



provide impor tant r e s t r a i n t s on mexabolism. The observation o f 
most obvioos 

a t l e a s t one gene which i s exprcooed only a t senescence, namely 

t h a t f o r c h l o r o p h y l l degradation (Thomas and Stoddart , 1975) 

should p rov ide a u s e f u l probe i n t o the nuclear con t ro l o f the l a t e r 

stages o f development. 

Even w i t h minimal c o n t r i b u t i o n from the nuclear-based nuc le ic 

ac id i n the ac tual -control o f development there i s s t i l l enormous 

scope f o r c o n t r o l a t t h e - p o s t - t r a n s c r i p t i o n a l l e v e l , many aspects 

o f which have already been mentioned. One, which i s perhaps less 

obvious , i s the p o s s i b i l i t y o f changes i n t r a n s l a t i o n a l r a t e . Thus, 

even exposing polyribosomes i n the process o f polypept ide synthesis 

to a c e l l - f r e e system need not necessar i ly imply tha t the ra te o f 

p r o t e i n p roduc t ion echoes the i n vivo s i t u a t i o n . I n t h i s way, the 

r e t e n t i o n o f ac t ive polyribosomes a t , f o r example, senescence need 

not imply t ha t a h igh ra te o f p r o t e i n synthesis^but could be 

f u r t h e r insurance against environmental change. 

The phenomena o f delayed or reversed senescence would also 

tend to f avour a non-re l iance on g e n e t i c a l l y pre-programmed 

development. Amongst o thers , the adherents to the theor ies o f 

photorecept ive substances mediating photomorphogenie change at the 

gene l e v e l would support the idea of continued nuc le ic a c t i v i t y even 

a t l a t e stages o f development. However, i f gene l e v e l con t ro l i s not 

the major process through which mediators of environmental in f luence 

act then the a l t e r n a t i v e may we l l be the p r o v i s i o n of a s u f f i c i e n t l y 

l a rge programme a t the onset o f development to accommodate these 

developmental p o s s i b i l i t i e s . The work o f Hedley and Stoddart (l972b) 

showed three phases o f increased p r o t e i n synthesis dur ing the 

development o f leaves o f Lolium temulentum. The f i r s t and l a s t phases 

were i n f l u e n c e d by environmental condi t ions opera t ing dur ing ear ly 

development which would suggest the presence o f a long-term in f luence 

on tit© senescence o i g n a l . 

The con t ro l o f development need no t , o f course, be exclusive 

to one system or another but invo lve a subt le .co-opera t ive i n t e r p l a y 

o f a number o f systems which need not be temporal ly , organismally 

or i n t e r s p e c i f i c a l l y un i fo rm. (A form o f endogenous senescence may 



also be important f o r example i n determining the l i f e span o f 

p a r t i c i i l a r l y l o n g - l i v e d organs, f o r example, c o n i f e r leaves) . 

For these reasons i t i s necessary to observe development o f a 

p a r t i c u l a r organ on a number o f d i f f e r e n t ce l lu la r - l e v e l s . Only 

by such observat ion w i l l a c l e a r , o v e r a l l p i c t u r e emerge o f the 

s u b t l e t i e s o f developmental c o n t r o l . The paradox o f experimental 

work i n development i s the need to remove c o r r e l a t i v e in f luences 

f o r the observat ion a t p a r t i c u l a r l e v e l s but having achieved t h i s , 

e x t r a p o l a t i o n to the na tu r a l s ta te i s not necessar i ly v a l i d . 

I n the words o f Wareing and P h i l l i p s ( l970), "the p lan t body at 

any given stage i s the r e s u l t a n t o f i n t e r a c t i o n between the 

inherent (gene t ic ) p o t e n t i a l i t i e s o f the species and the external 

f a c t o r s o f the environment." 

Leaves o f grass species are p a r t i c u l a r l y u s e f u l f o r such 

study as they not on ly age as a whole w i t h time but , by v i r t u e o f 

t h e i r basal meristems, sequen t i a l ly along the l e a f from base to 

apex. I n a d d i t i o n , i n theory , the piroblems o f va r iab le pat terns o f 

ea r ly growth are to some extent overcome by reference to the 

emergence o f the l i g u l e as an i n d i c a t o r o f l e a f ma tu r i ty . (However, 

as has already been mentioned, environmental condi t ions a f f e c t i n g 

ea r ly stages may also a f f e c t the subsequent course o f senescence.) 

This work was o r i g i n a l l y conceived to inves t iga t e the senescence 

phenomena i n leaves o f Festuca pra tens is w i t h a view to probing 

the t r i g g e r i n g and sus t a in ing mechanisms. As the work progressed 

i t became c lea r t ha t i t was necessary to review t h i s p a r t i c u l a r 

developmental phase i n the context o f the complete development o f 

the l e a f i n order to der ive c r i t i c a l q u a l i t a t i v e and q u a n t i t a t i v e 

comparisons. Despite the complexi t ies of developmental con t ro l 

suggested above, i t i s reasonable to compare the status o f the 

w e l l - e s t a b l i s h e d tenets o f the cen t ra l dogma at d i f f e r e n t phases. 

Examination o f the key components would be more l i k e l y to reveal 

s p e c i f i c aspects o f the course o f development than the observation 

o f more secondary f a c t o r s such as hormonal balance, enzyme a c t i v i t i e s 



and u l t r a s t r u c t u r a l c h a r a c t e r i s t i c s . Nevertheless, these l a t t e r 

may be important po in te r s to the unde r ly ing con t ro l but may not 

necessa r i ly be i n d i c a t i v e o f the means o f achievement. To t h i s end, 

some of the q u a l i t a t i v e and q u a n t i t a t i v e cha rac t e r i s t i c s of nuc le ic 

acids were inves t iga t ed throughout l e a f development i n r e l a t i o n to 

the content and synthesis o f p r o t e i n s . Enzymes of phosphorus 

metabolism were examined since they were considered to be 

i n t i m a t e l y invo lved w i t h the presumptive major basis of c o n t r o l . 

Bearing i n mind the caut ion w i t h which r e s u l t s from c e l l - f r e e 

po lypep t ide - syn thes i z ing systems must be i n t e r p r e t e d (see above), 

the po lypep t ide -syn thes iz ing capaci ty o f polyribosomes at d i f f e r e n t 

developmental stages was examined i n conjunct ion wi th the other 

c e l l u l a r c h a r a c t e r i s t i c s . P re l iminary work on the comparison o f 

two a r t i f i c i a l developmental systems, namely 'greening-up* and 

e x c i s i o n , w i t h the na tu ra l course o f l e a f development was also 

c a r r i e d ou t . 
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I I . General Mate r i a l s and Methods. 

i . B i o l o g i c a l ma te r i a l s . 

Seeds o f meadow fescue (Festuca pra tens is L ) were provided 

by J . Lewis (Seed M u l t i p l i c a t i o n Department, Welsh Plant Breeding 

S t a t i o n ) and stored i n sealed containers a t 4°C. O r i g i n a l l y a 

v a r i e t y w i t h i n the type S-215 was used, namely Festuca pratensis 

L. cv Aberystwyth Pe rd i t a . From 1976, work was r e s t r i c t e d to the 

use o f more robus t , l a r g e r and f a s t e r growing Dutch v a r i e t y , 

Kweekbedr i j f CID Langoed Zelder Ottersum, known as cv Rossa. 

Seeds were sown i n John Innes No. 1 compost i n seed trays 

and grown i n a glasshouse at 21-25°C. Supplementary l i g h t i n g was 

p rov ided , when necessary, by f l uo re scen t l i g h t s main ta in ing a 

daylength o f 15 - 17 b . At the f o u r t h l e a f stage the p lan ts were 

t r ansp lan ted i n t o i n d i v i d u a l 10 cm. diameter pots . 

At the Welsh P lan t Breeding S t a t i on , seeds were planted i n 

shal low boxes o f John Innes No. 1 compost e i t h e r i n the greenhouse 

tinder normal d a y l i ^ t , supplemented when necessary wi th high pressure 

mercury vapour l i g h t i n g to give a daylength of 16 h . or i n a growth 

room a t 20°C. p r o v i d i n g 16 h . photoperiod a t an i n t e n s i t y of 

22,000 - 25,000 l u x . One week a f t e r sowing, 15 g. Fisons 52 

f e r t i l i z e r (nit2?ogen:phosphate:potassium, 20:10:10) per 15-2x10^ cm^ 

compost were sp r ink led evenly over the box and was gradual ly 

washed i n t o the compost by d a i l y water ing. 

I n one instance (p lan t s used f o r polyribosome ex t r ac t i on along 

the l e a f and f o r ma t e r i a l f o r exc i s ing) p lan t s were t r ans fe r red to 

the l a b o r a t o r y and maintained under a l6 h . photoperiod by a 

f l u o r e s c e n t l i g h t a t 5,600 l u x and 25°C. 

Seeds o f Pisum sativum cv Meteor or P i sum sativum cv Feltham 

F i r s t were soaked i n tap water f o r 24 o r 48 h . p r i o r to germination 

i n seed t rays l i n e d w i t h damp paper towel or absorbent cot ton wool 

sa tura ted w i t h tap water. Trays were covered i n aluminium f o i l and 

seed germinat ion proceeded f o r a f u r t h e r 48 h . a t 25°C. 



Wheatgerm ex t r ac t s were prepared from untoasted wheatgerm 

obtained f rom N i b l a c k ' s I n c . , Rochester, New York. 

i i . Chemicals. 

With the exception o f those chemicals l i s t e d below, a l l 

reagents were purchased from B r i t i s h Drug Houses L t d . or from 

Sigma Chemicals L t d . , and were o f a n a l y t i c a l grade when necessary. 

Radiochemicals were obtained from the Radiochemical Centre, 

Amersham, Bucks. : -
( a ) adenine i n aqueous s o l u t i o n (22 C i / m m o l . ) ( l m C i . / p l . ) 

( b ) ' ' ' ' ' 'C-labelled amino acids i n aqueous so lu t i on conta in ing 

2^ ( V A ) ethanol (50 ; i C i . / m l . ) . I n d i v i d u a l l y p u r i f i e d 

L-amino acids u n i f o r m l y l a b e l l e d and mixed i n the 

p ropor t ions o f a t y p i c a l p ro t e in hydrolysate as f o l l o w s , 

fo t o t a l a c t i v i t y 

L-Ala • 10.0 

L-Arg 6.5 

L-Asp 9.0 

L-Glu 12.5 

Gly 5.0 

L - I s o l e u 5.0 

L-Leu 12.0 

L-Lys 5.5 

I^Phe 7.0 

L-Pro 6.0 

L-Ser 5.0 

L-Thr 6.0 

L-Tyr 5-5 

L-Val 7.0 

( c ) L - U-''^C leuc ine i n aqueous so lu t ion con ta in ing 

25̂  (V/V) ethanol (554 mCi. /mol . )(50 ^ C i . / m l . ) . 

A u r i n t r i c a r b o x y l i c ac id was a g i f t f rom A l d r i c h Chemical 

Co. L t d . , Gi l l ingham, Dorset. 
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Cytochrome C from Boehringer Mannheim, Mannheim, Germany. 

Fluram from P. Hoffmann - L a Roche and C o . , L t d . , 

D i a g n o s t i c a , B a s l e , S w i t z e r l a n d . 

O l i g o ( d T ) - c e l l u l o s e from C o l l a h o r a t i v e Research I n c . , 

Waltham, l l a s s . , U . S . A . 

PPO and p i p e r i d i n e from Koch-Light Laborator i e s L t d . , 

Colnbrook, Bucks. 

Sephadex G-25, G-100 from Pharmacia F ine Chemicals , 

Uppsa la , Sweden. 

i i i . S t e r i l e technique. 

Experiments f r e q u e n t l y requ ired maintenance of s t e r i l e 

techniques when glassware and so lu t ions (where appropriate) were 

autoc laved . P a r t i c u l a r care was observed i n mainta in ing s t e r i l e 

c o n d i t i o n s f o r the wheatgerm-derived c e l l - f r e e system; a f t e r 

a u t o c l a v i n g , s o l u t i o n s were s tored at -20°C. and glassware (notably 

Durham Tubes) was kept i n sea led conta iners . Hamilton syr inges were 

r i n s e d thoroughly i n ethanol fo l lowed by s t e r i l i z e d water, or 

d i sposab le t ipped automatic syr inges were used. So lut ions were 

c o n t i n u a l l y checked f o r contamination by rout ine i n c l u s i o n of 

c o n t r o l s i n c e l l - f r e e system experiments. S t e r i l i t y was f u r t h e r 

ensured by r e g u l a r f i l t r a t i o n through m i l l i p o r e f i l t e r s (0.2 jam. ) . 

Whenever l e a f s e c t i o n s were to be incubated, e i ther i n radio i sotope 

l a b e l l i n g experiments or e x c i s i o n experiments, they were f i r s t 

Tn-ashed f o r 3 min. i n a s t e r i l i z i n g so lu t ion c o n s i s t i n g of 

10 ml . sodium hypoch lor i t e ) 
, „ . , ^ ) i n 250 ml. d i s t i l l e d water. 

0.1 m l . Honidet P42 < 

o r 3 i i i l . sodium hypoch lor i t e i . x - n ^ ^ r^xi -, HT • J 1 -DAn i 100 ^ol. d i s t i l l e d water. 0.05 ml. Nonidet P40 j 
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f o l l o w e d by a t l e a s t three r i n s e s wi th s t e r i l i z e d water. A l l such 

manipvilat ions were c a r r i e d out under a laminar f low c lean a i r 

cab ine t m a i n t a i n i n g s t e r i l i t y b y . W l i g h t . 

A l l Sephadex or Sepharose columns were stored at 4 ° C . , 

s a t u r a t e d with sodixim cyanide (0 .02^ W/y) s o l u t i o n s to maintain 

s t e r i l i t y . 

i v . C h l o r o p h y l l e s t imat ion . 

P e l l e t s from c e n t r i f u g a t i o n s were ex trac ted at l e a s t seven 

times w i t h equal voliimes of acetone, "whirl imixed" and centr i fuged 

between e x t r a c t i o n s at 2,000 g. f o r 2 - 5 min. A l t e r n a t i v e l y , pooled 

chloroform:methanol washes from the e x t r a c t i o n procedure f o r 

p a r t i c u l a t e p r o t e i n (Chapter 3, I I i . ) were thoroughly mixed sind 

0.25 ml . were taken up i n 2.5 ml . acetone. Chlorophyl l was estimated 

by the method of Mackinhey (1940). A^^^ and A^^^ were recorded us ing 

a Fye-Unicam SP800 spectrophotometer aga ins t an acetone blank. 

V. Experimental observat ion 

of the two developmental systems. 

The ageing of the whole l e a f with time was i n v e s t i g a t e d by 

f o l l o w i n g the development of the f o u r t h l e a f (which emerged a t 

approximately day 23 from sowing) from emergence through to day 70 

when i t showed advanced senescence. 

The ontogenic sequence along the l e a f was inves t iga ted by 

d i v i d i n g the mature l e a f in to e ight p r o p o r t i o n a l l y - s i z e d sect ions 

which ass\imed that the r a t e of development i s Tiniform throughout 

the l e a f . Matur i ty was judged by the emergence of the l i g u l e . 
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I I I . —General development data . 

i . Growth and f r e s h weight changes. 

The change i n l e a f l ength ( F i g u r e 1.1) fo l lows the c l a s s i c a l 

sigmoid growth curve i n which the exponential growth i s fol lowed by 

a f a l l i n growth r a t e . Lea f f r e s h weight f o l l ows a s i m i l a r pat tern 

to the i n c r e a s e i n l eng th but f a l l s o f f d r a m a t i c a l l y with senescence 

presumably due to the t r a n s l o c a t i o n of products of catabol ism to 

other p a r t s of the p l a n t . F i g u r e 1.2 shows the f r e s h weights of 

equ iva l en t l ength s e c t i o n s of l e a f t i s s u e from the base to the apex. 

F r e s h weight per vnxt s e c t i o n drops presumably as a r e s u l t of 

extens ion growth r a t h e r than c e l l d i v i s i o n . Nearer the apex the f a l l 

i n f r e s h weight may a lso represent l o s s of c a t a b o l i c products by 

t r a n s l o c a t i o n . I f the f r e s h weights of d i f f e r e n t aged whole l eaves 

( F i g u r e 1.1 A ) are expressed on a per u n i t area b a s i s then i t can be 

seen that a massive i n c r e a s e i n f r e s h weight occurs between day 24 

and day 29 as a r e s u l t of high m i t o t i c a c t i v i t y , which f a l l s o f f due 

to a predominance of extension growth by vacuo la t ion over the fo l lowing 

20 days. A f u r t h e r i n c r e a s e , but l e s s dramatic than the e a r l i e r 

i n c r e a s e , i s apparent at day 49 when the l e a f has reached maximum 

l e n g t h , perhaps due to increased f i b r e content , and t h i s i s fol lowed 

by a decrease which confirms the s p e c u l a t i v e decrease i n d i c a t e d a t 

senescence i n F i g u r e 1.1 A . Day 49 csja be regarded as the time at 

which f u l l matur i ty has been reached and senescence commences. 

i i . Chlorophyl l l e v e l s dur ing development. 

The ch lorophy l l content per lanit a r e a i n c r e a s e s ( F i g u r e 1.1 B) 

to a maximum at day 42 ( a ) . The f a l l between a and b i s not due to 

senescent degradat ion, as confirmed by express ing the ch lorophy l l 

content on a per l e a f b a s i s , but r a t h e r r e f l e c t s continued l e a f 

growth before reach ing maximal growth. Ac tua l ch lorophy l l l o s s i s 

apparent between b and c as confirmed by express ing ch lorophy l l 

content on a per l e a f b a s i s and per u n i t DM b a s i s . Day 49 i s the 

t u r n i n g po in t f o r the s t a r t of senescence. 
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C h l o r o p h y l l content i n c r e a s e s along the l e a f from the base. 

Degradation occurs beyond point 6. Comparison of ch lorophyl l s t a t u s 

i n the two ageing systems wotild therefore suggest that point 6 

a long the l e a f could be considered equiva lent to ageing between 

day 49 and day 57' 

i i i . Morphology and f i b r e content 

dxiring development. 

F i b r e and s i l i c a contents i n c r e a s e with age i n fescue 

v a r i e t i e s ( f o r example, Archer and Decker, 1977) and with high 

temperatures and n i t rogen s t r e s s . Photoperiod a l so has profoimd 

e f f e c t s on c e l l w a l l components (Bowman and Law, 19^4; A l l i n s o n , 1971)• 

As a r e s u l t problems of c e l l u l a r component e x t r a c t i o n of p lan t 

m a t e r i a l a r i s e as the s e v e r i t y of required procedure w i l l d i f f e r 

between young and mature t i s s u e and from t i s s u e exposed to 

d i f f e r e n t temperatures or daylengths. F i b r e content of F . p r a t e n s i s 

was s u b j e c t i v e l y a s se s sed as i n c r e a s i n g to a maximum at day 57 sJid 

p o r t i o n 7 a long the l e a f . 



F i g u r e 1.1 

A. Changes i n l e a f l eng th and f r e s h 

weight dur ing development of the 

f o u r t h l e a f of F . p r a t e n s i s . 

B. Changes i n c h l o r o p h y l l content 

per u n i t a r e a dur ing development 

of the f o u r t h l e a f of F . p r a t e n s i s . 
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F i g u r e 1.2 

A. Changes i n f r e s h weight per 

s e c t i o n along the a x i s o f a 

mature l e a f o f F . p r a t e n s i s . 

B . Changes i n c h l o r o p h y l l content 

expressed as 9̂  of the maximxim, 

per s e c t i o n along the a x i s o f a 

matiire l e a f of F . p r a t e n s i s . 



FIGURE 1.2 

1.00 

0) 
^ 80 ft) 

^ 6 0 

•SAO 

.?20 
-+-• 
O 
(D 
C/) 

A 
base 

8 
apex 

100 

B 

•-80 
X 

E 
o 

o 

C 
o 

60 

t/)A0l 

"§-2 0^ 
o 
-C u 

base 

8 
apex 



14 

CHAPTEE 2. iroCLEIC ACIDS MSD DEVELOPMENT OF LEAVES 

OP F . PRATENSIS. 

1. General I n t r o d u c t i o n . 

i . E a r l y events . 

i i . E f f e c t of L i g h t . 

i i i . Phase of M a t u r i t y . 

i v . Senescence. 

2. Methods. 

i . Aims i n A n a l y s i s of RNA. 

i i . E x t r a c t i o n o f RKA 

a. Phenol method. 

b. L i m i t a t i o n s i n the phenol method. 

c . DEP method. 

d. L i m i t a t i o n s i n the DEP method. 

e. Spectrophotometric es t imat ion of RKA. 

f . Comparison of phenol and DEP methods. 

i i i . PAGE 

a. PAGE system used. 

b. Molecular weight determination. 
2+ 

c. Some e f f e c t s of Mg and EDTA. 

d. Optimum e l e c t r o p h o r e s i s condit ions . 

1. EDTA. 

2. Mg^^. 

3. E l e c t r o p h o r e s i s time. 

4. Temperature. 

5. Use of Ca^"*". 

e. ' S p l i t ' g e l s . 

i v . Radioisotope l a b e l l i n g of EKA 
a . Time course of uptake. 

b. C a l c i i l a t i o n of s p e c i f i c a c t i v i t i e s . 

T . Nucleot ide e x t r a c t i o n and es t imat ion . 

v i . Ribosome e x t r a c t i o n 
a. Methods used. 

b, Spectrophotometric est imat ion of ribosomes. 



v i i . Sucrose gradient c e n t r i f u g a t i o n . 

v i i i . PAGE 

i x . Some q u a n t i t a t i v e and q u a l i t a t i v e v a r i a t i o n s i n 

ribosome y i e l d , 

a. Homogenization. 

b. E f f e c t of i o n i c s trength . 

c. E f f e c t of PVP. 

d. E f f e c t of i n c o r p o r a t i n g a 'LyplKigel' 

p u r i f i c a t i o n s tep. 

e. E f f e c t of c e n t r i f u g a t i o n time. 

f . E f f e c t of EKAse and EDTA. 

g. Addit ion of 'Konidet ' i n the ex trac t ion . 

X. Radio- i sotope l a b e l l i n g of ribosomes. 

x i . E x t r a c t i o n of mRNA. 

x i i . PAGE. 

x i i i . Radio- i sotope l a b e l l i n g of mRNA. 

5. Exper imenta l . 

i . Tota l n u c l e i c ac ids 

a. Quant i ta t ive es t imat ion of to ta l n u c l e i c a c i d s . 

b. Radio- i sotope l a b e l l i n g of to ta l n u c l e i c ac ids . 

c. R e l a t i v e changes i n s p e c i f i c f r a c t i o n s . 

d. Radio- i sotope l a b e l l i n g of s p e c i f i c f r a c t i o n s . 

i i . Nucleot ides 

a. Radio- i sotope l a b e l l i n g of nuc leot ides . 

i i i . Ribosomes 

a. Quant i ta t ive e s t imat ion of ribosomes. 

b. Comparison of ' f r e e ' and 'membrane bound.' 

c. Radio- i sotope l a b e l l i n g of ribosomes. 

i v . P o l y ( A ) - c o n t a i n i n g mRKA. 
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1. General I n t r o d u c t i o n . 

The v e h i c l e f o r transforming genet ic informat ion into c e l l \ i l a r 

r e a l i s a t i o n i s the ribosome (Wettste in et a l . , I963). I t i s commonly 

regarded as a RNA-protein complex through •which mENA passes with 

consequent t r a n s l a t i o n of genetic codons in to polypept ides , by 

s e q u e n t i a l amino a c i d assembly (Burka and Marks, I964). The rRNA 

may serve only to provide a template f o r ribosomal pro te in assembly, 

s i n c e p a r t i a l d e s t r u c t i o n of the rKRA need not l ead to l o s s of 

ribosomal f u n c t i o n (Purano and K a r r i s , 1971 ) • I n add i t i on , the 

r e g u l a t i o n of ribosome formation seems to be l i m i t e d by the 

a v a i l a b i l i t y of ribosomal pro te ins (Shulman et a l . , 1973; Warner, 

1974)» wi th consequent wastage of excess p r e c u r s o r a l r M A (Cooper 

and Gibson, 1971; Gr ierson et a l . > 1976). Although the f u n c t i o n a l 

importance of rRNA i n the a c t u a l t r a n s l a t i o n of mRRA may have 

d imin i shed i n the l i g h t of these observat ions i t i s never the le s s 

a c e n t r a l p i v o t i n ontogeny. I t fo l lows that i t s s y n t h e s i s , 

presence and a c t i v i t y w i l l be i n t i m a t e l y invo lved . These processes 

i n themselves may wel l represent f u r t h e r modes of developmental 

c o n t r o l , apar t from those o c c u r r i n g a t the t r a n s c r i p t i o n l e v e l , 

i . e . , i n the nuc leus . Since no f u n c t i o n i n g ribosomes have been 

found i n the nucleus (Hamkalo and M i l l e r , 1973)> the cytoplasmic 

l o c a t i o n of the p r o t e i n - s y n t h e s i z i n g machinery, both from p h y s i c a l 

and temporal considerat ions . , supports the concept of ribosome 

assembly and f u n c t i o n being respons ib le f o r the more r a p i d and 

subt l e r e - e s t a b l i s h m e n t of c e l l u l a r homeostasis fo l l owing 

environmentally-caused imbalance. For example, i t i s d i f f i c u l t 

to imagine the phy to chrome-mediated s t i m u l a t i o n of phenylalanine 

ammonia-lyasG a c t i v i t y i n pea (which i s apparent wi th in 1 h . 

(Smith and A t t r i d g e , 1970) ) going through n u c l e a r channels of 

c o n t r o l whereas cy top lasmic -contro l l ed de novo synthesis could 

be f e a s i b l e . 

Improvements i n the e x t r a c t i o n and monitoring techniques 

over the l a s t 15 y e a r s have provided grea ter opportuni t ies to 

examine the r o l e of a l l the n u c l e i c a c i d s and t h e i r involvement 

i n development. I t has been r e a l i s e d that qu i te subt le d i f f e r e n c e s 

i n s y n t h e s i s of p a r t i c u l a r ENA spec ies may have profound e f f e c t s 
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on the o r d e r i n g of developmental sequeiices; f o r example, the 

l i g h t - s t i m u l a t e d assembly of F r a c t i o n I p r o t e i n i s r e a l i s e d 

t h r o u ^ an i n c r e a s e i n c h l o r o p l a s t rENA s y n t h e s i s (Cohen and 

S c h i f f , 1976; I n g l e , I968 a ) . " . 

I t was not u n t i l I962 that two types of ribosome i n 

p l a n t s were d i s t i n g u i s h e d ( L y t t l e t o n , I962) , on the b a s i s of 

t h e i r behaviour i n sucrose dens i ty gradients . C l a r k et a l . 

(1964) i s o l a t e d two ribosomal spec ies from Chinese cabbage 

with sedimentat ion c o e f f i c i e n t s of 83S and 68S. The o r i g i n of ' 

the l a t t e r was a t t r i b u t e d to the c h l o r o p l a s t and amounted to 

20-35^ (W/W) of the t o t a l ribosome populat ion. A v a r i e t y of 

other photosynthet i c p l a n t s were examined and n e a r l y a l l 

y i e l d e d two d i s t i n c t ribosome types with sedimentation c o e f f i c i e n t 

of about 803 and 70S (Boardman et a l . , I965; S i s s a k i a n et a l . , 

19655 Sager and Hamilton, 1967)* Most of the cases where such 

d i s t i n c t i o n was not observed have s ince been shown to be due to 

a d i s r e g a r d of s p e c i e s - s p e c i f i c ribosome s t a b i l i t i e s on e x t r a c t i o n ; 

f o r example, Brawerman and E i s e n s t a d t (1967) f a i l e d to f i n d two 

c l a s e s o f ribosome i n Euglena, but i n 19^9 Rawson and S t u t z , by 

a p p r e c i a t i o n of the requirements f o r s t a b i l i z i n g cytoplasmic 

ribosomes, e s t a b l i s h e d sedimentation c o e f f i c i e n t s f o r two c l a s s e s 

which were c o n s i s t e n t wi th those foxind i n other p l a n t s . 

I t fo l lowed that s i n c e there were d i s t i n c t s i z e s of ribosome, 

the c o n s t i t u e n t ENAs would probably be of d i f f e r e n t and i d e n t i f i a b l e 

s i z e s . S t u t z and N o l l (1967) were the f i r s t to d i s t i n g u i s h 

cytoplasmic and c h l o r o p l a s t i c rRNAs on the b a s i s of t h e i r 

sedimentation r a t e s i n sucrose dens i ty grad ient s . With the 

subsequent development of PAGE, Loening and I n g l e (1967) provided 

f u r t h e r and more e legant evidence of these d i f f e r e n t rRNAs. 

I n f u r t h e r s t u d i e s , rRNAs of many green and non-green p lant 

t i s s u e s were examined ( i n g l e et a l . . 1970; 1971)• T h e i r hetero

geneity i n RNA content was also found to be r e f l e c t e d i n the 

p r o t e i n s a s s o c i a t e d with the ribosomal complex which were not 

only dependent on ribosome s i z e but v a r i e d from species to 

s p e c i e s ( G u a l e r z i and Cammarano, 1970). 
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Methods are there fore p r e s e n t l y a v a i l a b l e to analyse the 

ribosome, both i n t a c t and reduced to i t s cons t i tuent p a r t s . 

T h e i r r e l a t i o n s h i p to the developmental process can now be 

as se s sed qu i t e p r o f i t a b l y . 

Whereas the ribosome was found to be ex trac tab le by 

r e l a t i v e l y simple methods, s ince i t i s a d i s c r e t e p a r t i c l e 

wi th a sedimentation c o e f f i c i e n t qui te d i f f e r e n t from other 

c e l l o r g a n e l l e s and p a r t i c l e s , polyribosome e x t r a c t i o n required 

more c a r e . These aggregates of ribosomes are v i s u a l i z e d as 

l i n k e d by mMA (WettsteincU^965). The exposed l i n k i n g mRNA i s 

very s u s c e p t i b l e to shear ing f o r c e s and ENAse a t tack (Thomas, 1976b). 

Plaints present p a r t i c u l a r l y d i f f i c i i l t m a t e r i a l f o r 

polyribosome e x t r a c t i o n because of t h e i r r i g i d c e l l w a l l s , 

presence of f i b r e s and h i ^ l e v e l s of endogenous RNAse (Lyndon, 

1966; Weeks and Marcus, I969). E a r l y polyribosome preparat ions 

from p l a n t t i s s u e f a i l e d to y i e l d polymers greater that tetramers 

(Pearson and Wareing, 1970) but more r e c e n t l y report s of decamers 

(Anderson and Key, 1971) and even dodecamers (Davies et a l . , 1972; 

Evans et a l . , 1979; S a a d i , 1978 personal commtmication) have been 

made. With establ ishment of methods thought to maintain the 

polyribosomes i n t h e i r i n vivo conf igurat ion ( f o r example, by 

comparison with e l e c t r o n micrograph s tudies of polyribosomes 

i n s i t u ( E i l a m et a l . , 1971; S c h i f f , 1974) ) comparisons based on 

polymer s i z e r a t i o s can be made of the p r o t e i n synthe t i c 

c a p a b i l i t i e s a t any one time i n development (Beachy'et a l . , 1978)« 

Although mRNA was thought to have been i s o l a t e d by I ^ h a m a et a l . 

i n 1962, i t s heterologous molecular weight presents p a r t i c i i l a r 

problems i n i t s p t i r i f i c a t i o n ( G r i e r s o n and Loening, 1974). 

The r e a l i s a t i o n that a t l e a s t some of the mRNA possessed ' P o l y - ( A ) 

t a i l s ' (Matthews, 1975; Brawerman, 1974; Sagher et a l . , 1974) 

provided an elegant b a s i s f o r one step i s o l a t i o n by a f f i n i t y 

chromatography. More r e c e n t l y , messenger r ibonucleoprote in has 

been removed from polyribosome preparat ions e s s e n t i a l l y by heat 

shock, thus a l l o w i n g i s o l a t i o n of a l l mRNAs i n the process of 

be ing t r a n s l a t e d whether p o l y - ( A ) - c o n t a i n i n g o r not ( L i a u t a r d 
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and L i a u t a r d , 1977). Onee these methods were developed, c l o s e r 

i n v e s t i g a t i o n of the q u a l i t a t i v e and q u a n t i t a t i v e proper t i e s 

o f c e r t a i n mRNA could proceed, wi th p a r t i c u l a r re f erence to 

development. 

U n t i l development of a l l the above techniques , n u c l e i c 

a c i d measurements had been on a gross s c a l e ( f o r example: 

S m i l l i e and Krotov, I 9 6 I ; Key, I964; Weidner and Mohr, I 9 6 7 ) , 

These provided l i m i t e d informat ion concerning the r e a l r o l e s of 

n u c l e i c a c i d s i n developmental c o n t r o l , p a r t i c u l a r l y i n the l i g h t 

of evidence of l o n g - l i v e d mRNA (Jachymczyk et a l . , 1974; 

Payne, 1976; Taneja and Sachar , 1976) , i n a c t i v e ribosomes 

(Kabat and R i c h , 1969; Wareing and P h i l l i p s , 1970; Beevers and 

Poulson , 1972) and p r e f e r e n t i a l s y n t h e s i s or l o s s of d i f f e r e n t 

tRNA spec i e s (Kaneko and Doi , I966; S t r e h l e r , 1967; E i e k et a l . , 

I97O; Burkard et a l . , 1970; Sacher , 1975; Wright et a l . . 1 9 7 3 ) . 

i . E a r l y events . 

S e v e r a l r epor t s suggest that RNA s y n t h e s i s i s not required 

f o r the progres s ion of the e a r l y stages of seed germination 

( I h l e and Dure, I969; Walbot, 1972; Stoddart et a l . . 1975). 

Germination i n r i c e has been shown to be independent of RNA 

s y n t h e s i s 18-24 h. a f t e r the s t a r t of i m b i b i t i o n although 

s y n t h e s i s of RNA could be detected 9 a f t e r the s t a r t of 

i m b i b i t i o n (Bhat and Padayatty , I 9 7 4 ) . Wheat embryos show 

formation o f mature ribosomes w i t h i n 6 h . of imbib i t ion 

(Dobrzanska et a l . , 1975). Ribosomal pro te ins are synthesized 

w i t h i n 12 h. o f the s t a r t of i m b i b i t i o n i n r i c e (Bhat"and 

Padayat ty , 1975) and other pro te in syntheses are detectable 

w i t h i n a few hours of imbib i t i on (Wareing and P h i l l i p s , 1970). 

A l l these observat ions r e q u i r e that ribosomes and mRNA were 

s t o r e d i n the seed and made a v a i l a b l e immediately on imbib i t ion . 

There have been a number of repor t s of ribosome presence i n 

seeds (Weeks and Marcus, 1971;Schultz et a l . , 1972; Spiegel 

and Marcus, 1975; Osborne et a l . . 1977) ^ut Cherry (1967) and 

Marcus and Peeley (1965) foirnd them to be n o n - f u n c t i o n a l . 



20 

Osborne e t a l . ( 1 9 7 7 ) and Bray and Chow (1976), however, r e l a t e d 

the v i a b i l i t y of rye and pea seeds, r e s p e c t i v e l y , to the degree 

of fragmentat ion of the rENAs i n the dry seed. There have a l so 

been a weal th of observat ions of »ENA i n the dormant seed (Barker 

et a l . , 1 9 7 1 ; Bha-t and Padayatty , 1974 ; Jachymczyk et a l . , 1974; 

G r i e r s o n and Covey, 1975; Payne, 1976; Osborne et a l . , 1977; 

Peumans e t a l . . 1978). Such s tored laRNA may be s p a t i a l l y 

separated from the t r a n s i t i o n a l components ( G i l e s et a l . , 1977) 

o r i t may be i n an i n a c t i v e form such as r ibonuc leopro te in 

( S p i r i n , 1969; Weeks and Marcus, 1971; Jaehymczyk e t a l . . 1971, 

1974) o r s t a b i l i z e d by the possess ion of p o l y - ( A ) t a i l s (Huez 

et a l . , 1974; Osborne et.' a l . , 1977). Some of these s tored 

mRNAs have been shown to be t r a n s l a t e d i n v i t r o (Gordon and 

Payne, 1976; Peumans and C a i i e r , 1977; Osborne et a l . . 1977). 

S i g n i f i c a n t i n c r e a s e s i n n u c l e i c a c i d s y n t h e s i s are not 

r e a l l y apparent i n the seeds of most p l a n t s u n t i l 24 h. a f t e r 

i m b i b i t i o n . A l l c l a s s e s of RNA are synthes ized i n t h i s phase 

which i s a s s o c i a t e d wi th c e l l d i v i s i o n ( G r i e r s o n et a l . . 1976). 

The order of RNA s y n t h e s i s , and i t s s i g n i f i c a n c e , f o l l o w i n g 

the use o f s t o r e d p r o t e i n - s y n t h e s i z i n g apparatus ( i . e . i n the 

f i r s t 8 - 12 h. (Stoddart e t a l . , 1975)) lias been much i n debate. 

Bhat and Padayatty (l975) reported tBNA s y n t h e s i s w i t h i n 6 h . of 

i m b i b i t i o n of r i c e seeds (but they admitted that the incorporat ion 

of r a d i o a c t i v e l a b e l could have been due to turnover of t h e i r 

exposed CCA e n d s . ) . rENA s y n t h e s i s fo l lowed between 6 and 12 h. 

and mRNA s y n t h e s i s between 12 and 24 h. Dobrzanska et a l . , (l975) 

showed mEHA to be the f i r s t synthes ized c l a s s of RNA i n wheat 

germinat ion i f the seeds were pre-soaked. Where seeds were not 

pre-soaked rENA s y n t h e s i s was found to be the e a r l i e s t 

t r a n s c r i p t i o n a l event (Chen et a l . , 1971). Work on higher p l a n t s 

i s fragmentary but other systems such as e a r l y development of the 

fungial spore have been c l o s e l y examined. Tanaka e t a l . (I966) 

observed a rHNA - tENA - mRNA s y n t h e t i c sequence w i t h i n 1 h . of 

A s p e r g i l l u s oryzae eonid ia germination, whereas Roheim et a l . 

(1974) foxmd t h a t a l l c l a s s e s o f RNA were synthes i zed wi th in 

15 min. o f germination of spores o f Rhizopus s t o l o n i f e r . On the 

b a s i s o f Greenberg and P e n a a n ' s (1966) c a l c u l a t i o n f o r the time 
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r e q u i r e d f o r t r a n s e r i p t i o n and proeess ing of rENA l e a d i n g to 

f u n c t i o n a l r ibosoES prodiaetion i n EeLa c e l l s , 15 Biin. i s 

inadequate to a l l o w f o r de novo s y n t h e s i s and assenbly ©f 

ribosomes. E o h e i « et a l . Bus t r a t h e r have been observ ing 

p o s t - t r a n s c r i p t i o n a l m o d i f i c a t i o n . There are reports which 

suggest that p o l y - ( A ) conta in ing E N A i s synthes ized 

immediately upon i m b i b i t i o n (Ajtkho.zhin e t a l . , 1975> 
S p i e g e l e t a l . . 1975; Doshchanov et a l . , 1975). Caere et a l . 

(1979) suggest from t h e i r work with germinating wheat embryos 

t h a t there i s no p r e f e r e n t i a l employment of pre-formed or 

newly s y n t h e s i z e d HLRNA as templates f o r polypeptide s y n t h e s i s 

and there are no q u a l i t a t i v e d i f f e r e n c e s i n the polypeptide 

products . However, these observat ions hinge on the b e l i e f that 

the i n h i b i t o r of H E N A s y n t h e s i s used, eordycepin, has no other 

i n v ivo e f f e c t and that r a d i o - l a b e l l i n g i s not merely a r e s u l t 

of p o s t - t r a n s c r i p t i o n a l m o d i f i c a t i o n . Spiegel and Marcus (l975) 
found that eordycepin had no measurable e f f e c t on polyribosome 

format ion i n iriieat embryos during the f i r s t 40 min. o f 

germinat ion , i n d i c a t i n g the minor importance of newly synthes ized 

mRNA w i t h i n t h i s p e r i o d . 

Probably the p r e c i s e o r d e r i n g of ENA synthes i s i s 

s p e c i e s - s p e c i f i c and ii3, to some extent , a f f e c t e d by environ

mental c o n d i t i o n s . P r e s m a b l y the information a v a i l a b l e f o r 

t r a n s l a t i o n by s tored ENAs of the seed i s s u f f i c i e n t to a l low 

germination under favourable condi t ions but f u r t h e r growth 

r e q u i r e s feedback o f environmental condit ions on which the 

t r a n s l a t i o n a l and t r a n s c r i p t i o n a l c o n t r o l s can r e a c t . Doubtless 

the sequences of RNA syntheses are s i g n i f i c a n t but s ince a l l 

c l a s s e s are syn thes i zed i n l a r g e q u a n t i t i e s wi th in 24 h. and 

a l l c l a s s e s are present u n t i l t h i s time, i t . i s more l i k e l y that 

t h e i r r e l a t i v e proport ions are of greater importance i n 

c o n t r o l l i n g development than t h e i r sequent ia l s y n t h e s i s . 

A n a l y s i s o f the stages f o l l o w i n g germination i s 

compl icated by the development of d i f f e r e n t organs, t h e i r 

i n h e r e n t developmental p a t t e r n s and the i n t e r - o r g a n r e l a t i o n 

s h i p s n e c e s s a r i l y invoked. By the use of autoradiography, 

Masuda e t a l . (1966) found that the bulk of ENA was formed p r i o r 
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to c e l l expansion i n oat eoleoptiles. Tester ( 1 9 7 ? ) , on the 
other hand, demonstrated an increase i n synthesis of ENA i n the 
oat eoleopti le during expansion iriiieh declined irLth matnrity. 
At th i s point there i s a s h i f t of developmental emphasis on to 
the emerging primary leaves -which show a 400^ increase i n DNA 
BJid tRNA and a 520?b increase i n rENA. 82 h. a f t e r germination 
the developmental patterns of these two tissues, as evidenced 
"by the i r nucleic acid complements, are quite d i f f e ren t . 
RNA/DM ra t ios have frequently been considered valuable i n 
comparison of d i f f e r e n t regions of d i f f e r e n t i a t i o n since the 
l eve l of DITA per ce l l should remain constant (Brown and Naylor, 
1965; G^ldenholm, 1968). Woodstock and Skoog (196O) found a 
decrease i n th is ra t io over two days i n com root t ips . Whereas, 
Brown and Naylor (1965) found i n Mimosa root t ips an increase i n 
the r a t i o followed by a decrease a f t e r six days but, during the 
corresponding period, there was a steady increase i n the 
epicotyls . Likewise, cotyledons, whether hypogeal or epigeal, 
showed the classic symptoms of senescence i n the i r loss of 
protein and RNA fo l lowing f u l l expansion (Payne and Boulter, 1974) 
and th i s can be considered consistent with redeployment of 
metabolic precursors i n act ively growing regions. 

i i . E f f ec t of l i g h t . 
The i l lumina t ion of dark grown aerial tissue has frequently 

been shown to e l i c i t an increase i n t o t a l MA (Bogorad, 1967; 
Fi lner and Kle in , I968; Gyldenholm, I968; Foul son and Beevers, 1970; 

Harel and Bogorad, 1975* Tester, 1977). There are, however, isolated 
reports of l i ^ t - i n d u c e d i n h i b i t i o n of RNA synthesis ( fo r example. 
Ma t hew et a l « , 1976). Grierson and Covey ( l 9 7 5 ) demonstrated a 
t enfo ld increase i n ERA accumulation i n leaves of Phaseolus^aureus 
occurring between 48 and 120 h. a f t e r the onset of i l luminat ion . 
IQffo of th i s was rENA. However, the dark grown seedling also 
accumulates ERA to the same extent but th is accumulation appears 
to l ag behind l igh t - t r ea ted seedlings by approximately 24 h. 
(Grierson et a l . , 1970). Al te rna t ive ly , the period of processing 
may be longer i n the dark ( ing le , 1968b)L Care must be exercised i n 
the in terpre ta t ion of results of radioisotope-labell ing of ENA 
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since an increase i n l a b e l l i n g may rather r e f l e c t an increased uptake 
of label (causing a higher specif ic a c t i v i t y of nucleotide pool) 
rather than increased synthesis (Woolhouse, 196?; Grierson, 1972). 

Pulse- label l ing of RNA has revealed the occurrence of high molecular 
weight precursors of rENA which are processed via several intermediates 
over several hours (Greenberg and Penman, 1966; Rogers et a l . , 1970; 
Leaver and Key, 1970; Grierson et a l . , 1970, 1976; Grierson and 
Loening, 1972, 1974; Hartley and E l l i s , 1973)- The ra t io of radioactively-
label led precursor RNA to the radioact ively-label led product, i . e . , 
mature USA species, provides an estimate of RNA processing independent 
of uptake (Grierson et a l . , 1976). Experiments have indicated that 
larger amovmts of precursor REA are converted into rRJTA within 2 or 3 h. 
of i l l umina t ion compared with dark controls. 

The increase i n RNA fo l lowing exposure to l i g h t has been 
a t t r ibu ted to a massive net increase i n chloroplast rRNA ( ingle , I968 b; 
Bogorad, 1968; Treharne et a l . , 1970; Paranjothy and Wareing, 1971; 
Harel and Bogorad, 1973; Mik\ilovich, 1978) with turnover but no increase 
i n cytoplasmic rRNA (Dyer et a l . , 1971; Cohen and Schi f f , 1976). Some 
reports suggest that the dark grown plant material contains no plas t id 
rRIU (Pollack and Davifis, 1970; Heizmann,1970; Scott et a l . , 1971; 
Brown and Haselkom, 1971 )• However, th is seems unl ikely i n view of 
the biochemical ( f o r example, Granick, 1959) and ul t ras t ructura l 
(Jacobson et a l . , I963) changes apparent during early development of 
the proplas t id which must require protein synthesis, not a l l of which 
could be processed by cytoplasmic ribosomes (Smith, 1970; Siddell and 
E l l i s , 1975; Leech, I976; Chelm et a l . , 1977). Plast id rRNA has 
been i d e n t i f i e d i n dark grown tissue by sucrose density gradient 
analysis (Boardman, 1967), PAGE ( ingle , 1968 a; Smith, 1970), 

electron microscopy (Schi f f , 1974; Jacobson et a l . , I965) and 
hybr id iza t ion with p las t id MA (Chelm et a l . , 1977); furthermore 
i t s synthesis has been shown to occur at this time (Wollgiehn 
and Parthier , 1977). A l l these observations evaluated the 
e t ioplas t rRNA contribution to to t a l RWA as about 2^ (w/w). 
This r ises to between 209̂  and (W/w) between 48 - 120 h. 
a f t e r l i ^ t treatment (Rhodes and Yemm, 1963; Parthier and 
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WollgiehE, 1966; (^Idenholm, I968; Grierson and Covey, 1975; 

Cohen and Sch i f f , I 9 7 6 ; Chelm et a l . . 1977) lagging behind 
maxiinal cytoplasmic rEHA synthesis by between 12 and 48 h. 
( ing le , 1968 a; Poulson and Beevers, 1970; Grierson et a l . . 1970; 
Cohen and S c h i f f , 1976) . Very l i t t l e polycistronic precursor 
MA (2 .9x10^, Grierson and Loening, 1974; Hartley and E l l i s , 1975) 
i s synthesized i n dark grown seedlings but those grown i n the 
l i g h t show enhanced synthesis which i s indicat ive of the increase 
i n chloroplast rENA which follows (Grierson et a l . , 1976). 

Synthesis of chloroplast ENA seems to be res t r ic ted to a 
comparatively short period i n development and the subsequent 
turnover i s very low ( ingle , I968 a). Although Actinomycin D 
and a number of other nucleic acid synthesis inh ib i to r s have 
been shown to prevent normal greening (Bogorad and Jacobson, I964; 

Beridze et a l . , I 9 6 6 ) , increased chloroplast ENA synthesis does 
not appear to be a pre-requisi te f o r a l l aspects of fu r the r 
ehloroplast development; f o r example, chlorophyll production 
continues when chloroplast ENA synthesis i s blocked by rifampin 
(Bogorad and Woodcock,; 1971 )• Furthermore, Poulson and Beevers 
(1970) have shown that chlorophyll production occurs during the 
f i r s t 16 h. of i l lumina t ion of barley leaves when there i s no 
increased chloroplast ENA synthesis. 

An increase i n the percentage of ribosomes occurring as 
polyribosomes, fo l lowing i l lumina t ion , has been reported by 
Clark et a l . (1964) ; Williams and Novell i (1968); Pearson and 
Wareing (1970) ; Travis et a l . ( l 9 7 0 ) and Poulson and Beevers (1970). 

This may pa r t l y be due to assembly of exist ing free monosomes. 
Smith (1976) has shown that ENA synthesis i s not required wi thin 
the f i r s t four hours of l ight-induced polyribosome level increase. 
The rapid polyribosome formation (40 min.) i n chloroplasts of 
Chinese cabbage (Clark et a l . , I964) i s also consistent with an 
"assembly" rather than a "synthesis" interpreta t ion. However, 
Harel and Bogorad ( l 9 7 3 ) have shown a preferent ia l l a b e l l i n g of 
chloroplast rENA and subsequently polyribosomal ENA withC(i2 h. of 
l i g h t treatment. Work with inh ib i to r s of SNA and protein 
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syntheses has eonfirmed that these syntheses are required f o r 
prolonged polyribosome increase (Smith, 1976). I n f a c t , newly 
label led rENA seems to be p re fe ren t i a l ly associated with 
polyribosomes as opposed to monosomes (Cohen and Schi f f , I 976 ) 
suggesting that newly synthesised rRNA i s immediately involved 
i n protein production. However, l i g j i t i s again regarded as 
hastening rather than inducing the processing of rRNA. 
Addi t iona l ly , Williams and Novel l i (1964) found ribosomes of 
maize leaves to be more active than dark grown leaves in the i r 
capacity to incorporate amino acids into polypeptides 2 h. 
a f t e r the s ta r t of l i ^ t treatment, suggesting that l i g h t a f fec ts 
some i n t r i n s i c property of the ribosomes. Travis et a l . (1972) 

showed that l i g h t lowered the magnesium requirement f o r 
polyribosome-directed ce l l - f r ee polypeptide synthesis and 
experiments using puromyein suggested that l i g h t enhances the 
occupation of ribosomal p-sites by peptidyl tRNAs. 

The protein synthetic capacity, as judged by i n v i t r o 
analysis of chloroplastic and cytoplasmic ribosomes from young 
leaves of P e r i l l a , showed the former to be twice as active as 
the l a t t e r (Callow et a l . , 1972). Boardman et a l . (1966) also 
noted a comparatively low rate f o r cytoplasmic ribosomes from 

tobacco leaves. 
P6ly(A)-containing mRNA, l i k e other classes of RNA, seems 

to be accmulated more rapidly i n l igh t - t rea ted leaves than i n 
dark controls but with no net synthetic increase (Giles et a l . , 
1977) . Furthermore, poly(A)-containing mRNAs f o r a l l l i g h t -
induced polypeptides are present i n dark grown tissue, though 
not associated with polyribosomes. I n f a c t , Grierson et a l . , 
(1976) suggest that dark grown seedlings of Phaseb"lu-s aujeus 
actual ly contain more cytoplasmic rRNA and poly(A)-containing 
mRNA than l i g h t grown leaves i f the amounts are expressed on a 
per c e l l basis. I t must be remembered, however, that there are 
substantial quantit ies of poly(A)-minu8 RNA (up to 50^ (W/w): 
Grierson et a l . , 1976) y/hleh have not been accoxmted f o r i n 
these reports. Unlike the conclusions of Harel and B.ogerad ( l 9 7 3 ) 

i t seems that l i g h t mobilizes mRNA from an inactive form to a 
translatable form. Grierson et a l . (197^) concluded that l i g j i t 
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either modifies the processing or Bynthasis of ENA or affects 

i t s metabolic s t a b i l i t y . 

There i s a gradual decline in both cytoplasmic and 
chloroplast ic rENA fo l lowing t he i r attainment of maximum 
accumulation. This decline i s associated with completion of 
c e l l d iv i s ion (Grierson et a l . , 1976). Poly(A)-containing El\-A 
declines rapid ly at th i s stage (Grierson and Covey, 1975) which 
may be due to degradation or merely the loss of poly(A)- ta i l s 
(Grierson et a l . . 1976). 

Despite the subtleties of sequential occurrence of various 

classes of ENA and thei r precursors at the early stage of devel

opment yiiich have now been reported, i t i s s t i l l of value to 

invest igate the re la t ive accumulation of these classes particxilarly 

by radioisotope l a b e l l i n g , providing due consideration of 

nucleotide pool sizes i s taken. 

i i i . Phase of maturity. 
The intermediate phase fo l lowing germination and greening 

but preceding senescence has been largely ignored by the research 
worker. Not only i s i t a phase which i s d i f f i c u l t to define but 
i t does not have an experimental equivalent which i s easily 
manipulated as the early and la te phases have i n the "greening up" 
and "excision" experimental equivalents (see Chapter 5 - ) . The 
l i t t l e information that i s available generally involves protein 
rather than nucleic acid estimations ( f o r example, Hedley and 
Stoddart, 19711?) which need not necessarily be closely related in 
t h i s developmental period. The phase has been regarded as one of 
moderate turnover of metabolites with overal l synthesis equalling 
degradation (Thomas, 1976t). Beyond the stage of f u l l leaf 
expansion, ehloroplast rENA appears to be made at a very low rate 
or not at a l l ( ing le , 1968a; Trehame et a l . , 1970; Paranjothy and 
Wareing, 1971; Callow et a l . , 1972) . The protein synthetic 
capacity i n chloroplasis of P e r i l l a decreased at f u l l leaf 
expansion whereas the a c t i v i t y of cytoplasmic ribosomes expressed 
per u n i t area of leaf was greatest at th i s time (Callow et a l . , 1972). 

At variance with t h i s , Boardmanetil^966) showed that chloroplast 
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riboBomes isolated from mature tissue were more e f f i c i e n t at 
protein synthesis than cytoplasmic ribosomes. However, the 
observation, by Mass and Novel l i ( 1 9 6 1 ) , that cytoplasmie 
ribosome a c t i v i t y eould be improved by washing the ribosomal 
preparations i n sodium deoxycholate may point to the need- to 
remove ribosomal-botmd nucleases which otherwise in te r fe re 
wi th template a c t i v i t y . Boardman et a l . (1966) also infer red 
that some inh ib i t o ry fac tor was involved which could be removed 
by bu f f e r washes. 

i v . Senescence. 
As already outl ined i n Chapter 1 , f o l i a r senescence can 

resu l t from a nximber of causes which may super f i c i a l ly appear to 
e l i c i t s imi lar cellvilar processes but which, i n f a c t , may have 
quite d i f f e r e n t modes of implementation (Lewington and Simon, I 9 6 8 ; 

Wareing and P h i l l i p s , 1970')« I n order to isola te the plant 's own 
control applied to senescence from external interference (by 
environmental ( e .g . , by hormones) or secondary factors (e .g . , 
"wounding" responso on excision)) the biochemistry of the in tac t 
l e a f must be investigated where possible. The role of nucleic 
acids under these conditions i s of par t icu lar interest . Are they 
central to the implementation of th is developmental phase as i n 
ea r l i e r phases or i s the burden of control now on cytoplasmic 
events such as protein synthesis and enzyme activation? 

There i s much evidence to suggest that the overall ce l lu lar 
content of RNA and MA declines gradually fo l lowing f u l l expansion 
of the l ea f (Lindner et a l . . 1956; Bottger and Wollgiehn, 1958; 
Smil l ie and Krotkov, I 9 6 I ; Kessler and Engelberg, 1962; 

Hardwick et a l . , I 9 6 6 ; Woolhouse, 1967; Callow, 1971) . However, 
a s l i ^ t r i s e p r io r to a f i n a l rapid decline has been reported 
(Woolhouse, 1967 ) . Generally, the cytoplasmic and ehloroplastic 
rRNA losses occur at a s imilar rate (Dyer and Osborne, 1971) 
but i n those species which do not show re-greening (e .g . , Xanthi\im) 
the chloroplast rRNA declines much faster than the cytoplasmic 
rRNA and may provide the reason f o r their i n a b i l i t y to re-green. 
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Althougji Srivastava (1972) f a i l e d to f i n d any difference i a 
ENA synthesized by o ld and young barley leaves by the technique 
of hybr id iza t ion of USA. and ENA, some information on the changes 
i n pa r t i cu la r RNA frae t ions during senescence i s available; 
f o r example, the 1.1x10^ chloroplast rENA tends to be more l a b i l e 
with age ( i ng l e , 1968a;CallGw et a l . , 1972) as does the 0.7x10^ 
component of cytoplasmic ribosomes (Dyer and Osborne, 1971). 

(However, the l a b i l i t y of the 1.1x10^ rRNA of Chinese cabbage i s 
reduced by extraction i n DEP and i s apparent even i n the 
senescence (Strangeway, 1977))- Synthesis of 0.56x10^ rRNA 
apparently continues beyond that of 1.1x10^ rRNA i n P e r i l l a 
(Callow et a l . . 1972) . This i s at variance with the speculation 

. that both subunits are derived from the same polycistronic 
precursor (Grierson et a l . , 1976). 

The declines i n cytoplasmic ribosome populations (Shaw and 
Manocha,1965; Barton, I966; But ler , I967; Srivastava and^Atkih, I 968 ) 

and chloroplastic ribosome populations (Mitt leheiser and Van 
Steveninck, 1970; Eilam et a l . , 1971) as observed by electron 
microscopy are both regarded as early symptoms of senescence. 
In P e r i l l a the quantity of polyribosomes extractable from 
chloroplasts and the proportion of polyribosomes to monoribosomes 
decreases with age more rapidly than the quantity and proportion 
of polyribosomes from cytoplasmic origins (Callow et a l . , 1972). 

"Free" ribosomes are l o s t before those which are "membrane bound" 
(Butler and Simon, 1970; Eilam et al.. , 1971)' these two 
populations of polyribosome d i f f e r i n the polypeptide product 
made (see Chapter 2 , part IX g. ) then the i r d i f f e r e n t i a l loss may 
be quite s i gn i f i can t i n the control of senescence. 

The capacity of polyribosomes f o r d i rec t ing protein 
synthesis as demonstrated i n i n v i t r o studies i s reduced more 
rapidly i n those derived from chloroplasts than from the cytoplasm 
of P e r i l l a by 805̂  and 505̂  respectively, over the same period of 

time (Callow et a l . . 1972). 

A rapidly label led RNA f r a c t i o n associated with polyribosomes 

showed considerable reduction i n i t s synthesis (Wollgiehn, 1967)* 

I f th i s represents mRNA th i s observation i s indicat ive of the 

reduction i n i t s synthesis with ageing. 
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De novo synthesis of proteins, pa r t i cu la r ly of hydrolytic 
enzymes, i s required f o r the normal process of senescence 
(McHale and Dove, I968; Udvardy et a l . , I969; Martin and Thimann, 
1972) and th i s i s supported by the f ac t that inh ib i to r s of protein 
synthesis tend to i n h i b i t the senescence phenomenon (Thomas, 1975). 
This implies the need f o r funct ional ribosomes but does not 
necessitate ENA synthesis. However, Wollgiehn and Parthier (1964) 
reported that i nh ib i to r s of ENA synthesis accelerated senescence. 
Wollgiehn (1967) reported s ign i f i can t synthesis of ENA i n tobacco 
l e a f discs six days a f t e r excision as evidenced by incorporation 
of radioactively label led adenine. Callow et a l . (l972) 
demonstrated synthesis of cytoplasmic, but not chlorplast ic , 
rENA fo l lowing f u l l expansion of the leaf and well into 
senescence. This ENA l a b e l l i n g , as suggested to account f o r the 
early ENA synthesis apparent at germination, may also represent 
post- t ranscr ipt ional modificat ion of pre-functional SNA. One of 
the reactions to treatment with ABA, which promotes senescence, 
i s i n h i b i t i o n of ENA synthesis ( V i l l i e r s , I968; Beevers et a l . , 
I97O; Para-njoihy and Wareing, 1971) though the relationship of 
these i s not established. Whether ENA synthesis occurs or not, 
and the work with Actinomycin D carried out by Thomas (l975) 
would suggest that i f i t does occur i t does not a f fec t the course 
of senescence, retention of funct ional ribosomes i s essential. 
The a b i l i t y of most leaves, i n quite l a te stages of senescence, to 
re-green on decapitation of the plant (Wollgiehn, I967) i ^ -
response to l i g h t (Takegami, 1975) or k ine t in (Eichmond and Lang, 
1957) treatments, a l l of which seem to involve increases i n ENA 
and protein and are prevented by inh ib i to r s of BNA and protein 
syntheses, must require that both the: ' t ranscript ional and 
t rans la t ional capabi l i t ies of the c e l l have remained unimpaired. 
I n f a c t , Eilam et a l . , (1971) noted an increase i n the proportion 
of polyribosomes at inc ip ien t senescence which indicates that 
protein synthesis can occur at a very la te stage i n senescence. 
Polyadenylation of mENA appears to be required fo r the noraial 
progress of senescence as experiments using cordycepin suggest 
(Takegami and Yoshida, 1975) but th is need not require t ranscript
ional events. 
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2. Methods. 

i . Aims i n invest igat ing the ENA complement and i t s 
relationshii? to development i n Festuca pratensis. 

I t was decided to fo l low ENA synthesis by radioisotope 
l a b e l l i n g i n both developmental systems i n Festuca pratensis, 
i . e., sequential ageing along the leaf and temporal whole leaf 
ageing. Most f rac t ions , except precursoral ones ( l abe l l i ng time 
was too long f o r observation of these), were examined i n an attempt 
to map the i r synthetic relationship and possible roles i n control. 
I t was also important to establish a l i n k between these two 
developmental systems. Hedley and Stoddart (l972b) established 

the relat ionship between protein synthesis and enzyme a c t i v i t i e s 
i n Lolimn temulentxim, but could th i s be shown i n nucleic acid 
content and synthesis i n F. pratensis? 

i i . Extraction of RNA. 

Since over 80^ (w/w) of ce l lu lar ENA i s int imately 
associated with protein, mainly i n the form of ribosomes, the 
strategy f o r i t s p u r i f i c a t i o n must involve e f fec t ive 
deproteinization, pa r t i cu la r ly with regard to i n h i b i t i o n 
of the ubiquitous endogenous and exogenous RNAses. The remaining 
uncomplexed RNA i s mostly low molecular weight soluble tRNA 
which, by v i r tue of these characterist ics, i s less d i f f i c u l t to 
extract (Hoagland et a l . , 1958) but, by the same token, i s easily 
l o s t due to i t s high s o l u b i l i t y . Less than 2^ (W/w) of the 
ce l l u l a r RNA i s mRNA of heterogenous molecular weight and 
therefore d i f f i c u l t to isolate and i d e n t i f y . 

a. Phenol methods. 
These methods, based on those developed by Kirby ( l965;1968) , 

include 8-hydroxyquinoline which prevents oxidation of phenol, has 
some i n h i b i t o r y e f fec t on RNAse (Kirby, I 962 ) and may also be 
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valuable i n removing metal ions involved i n binding ENA to protein 
(Barlow and Mathias, I 9 6 6 ) . Tri-isopropylnaphthalene sulphonate 
also acts as an BNAse i n h i b i t o r and sodium chloride i s added to 
reduce the s o l u b i l i t y of phenol i n water and to precipi ta te 
so lubi l ized protein . 
Phenol method used. 

This method was adapted from that described by Leaver and 
Ingle (1971) from the o r ig ina l technique of Kirby (1965) . 

Chopped l ea f tissue was homogenized i n a pestle and mortar 
fo l l owing f reez ing with l i q u i d nitrogen. Equal volumes of 
"detergent mix" and "phenol mix", amounting to approximately 
f i v e times the volume of leaf tissue, were added sequentially and 

were thoroughly mixed. 
"detergent mix." 

l O g . / l . tri-isopropylnaphthalene sulphonate 
SOg./l. p-amino sal icylate (sodiujn sa l t ) 
50mM. sodium chloride 

lOmM. magnesium chloride 
lOmll. Tris-HCl pH 7.4 
3/̂  ( v /v ) "phenol mix" (to dissolve p-amino sal icy la te ) 

"•phenol mix." 
Ee -d i s t i l l ed phenol 
^Ofo (V/V) m-ere sol 
O . i ^ (V/?) 8-hydroxyquinoline 
saturated with lOmM tr is-HCl pH 7.4 

The homogenate was eentrifuged at 2 ,500g i n a MSE Minor 
bench centr i fuge f o r 10 min. at room temperature. The lower phenol 
layer was discarded. Sodium chloride was added to the aqueous layer 
and interphase material to a f i n a l concentration of 0.5M, and 
thoroughly mixed. A second equal volume of phenol was added, 
mixed thoroughly and then separated by centr ifugation as before. 
The aqueous phase was retained and the nucleic acids precipitated 
from i t by the addit ion of three volumes of ice cold absolute 
alcohol , followed by overnight storage at -20°C. The precipitated 
nucleic acids were collected by centr ifugat ion at 2,500g at room 
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temperature follow«d by at least three washes with 70Jfe ( V / Y ) 
ethanol; the f i r s t containing 2 g . / l . SDS. The f i n a l pe l le t was 
ei ther resuspended i n a small volume of appropriate buffer and 
used immediately or stored under 70^ (v/v)'ethanol at -20°C. 

Although operations were not carried out i n a cold room 
the RNA extracts were kept on ice between centrifugations and 
the homogenization i n l i q u i d nitrogen contributed to maintenance 
of low temperatures throughout. 

b. Limitat ions. 
The high U.V. absorption of phenol interferes with 

spectrophotometric estimation of the nucleic acids and e f fec t ive 
washing reduces the y i e l d . RNA may be l o s t i n precipitates of 
denatured protein (Poulson, 1973)* Although phenol denatures many 
proteins i t does not completely inactivate nucleases (Lit tauer 
and Sela, 1962; Kidson et a l . . I963; Rushizky et a l . . I963). 
Most rRNA and tRNA w i l l be extracted by this method but some 
mRNA may be retained at the organic/aqueous interface (Kidson 
and Kirby, 19^4; Perry et a l . , 1972; see Section X I I . ) . 
Phenol extraction can cause aggregation as well as loss of RNA 
(Sedat and Sins-heimer, 1970; Schechter, 1973). Furthermore, 
phenol extraction may resul t i n contamination with pectic 
substances which co-migrate with RNA i n PAGE and hence in te r fe re 
wi th quanti tat ion (Leaver and Ingle , 1971). 

c. DEP methods. 
The observation that DEP acts by causing i r revers ible 

s t ruc tura l modif icat ion i n proteins (Ros^n and Fedorcsak, I966; 
Wolf et a l . , 1970) prompted i t s use as a powerful enzyme i n h i b i t o r 
and use i n nucleic acid extraction (Pedoresak and Ehrenberg, I966). 
The method compared favourably with the phenol methods i n nearly 
a l l cases i n RNA extractions from plant material (Solymosy et a l . , 
1968; I97O; Lazar et a l . . I969). 
DEP method used. 

The method of Solymosy et a l . ( l970) as modified by 
Strangeway (l977) was used with minor alterations. 
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The tissue was ground i n a pestle and mortar fo l lowing 
f reez ing i n l i q u i d nitrogen with a t o t a l of I 3 . 6 ml. "extraction 
medium" per g. f resh weight of tissue. 

"extraction medium" 
2.9^ (V/v) DEP (stored at 4°C.) 

50 mil SDS (stored as lOOg.'/l. stock at 4°C. ) 

100 stM Tris-acetate pE 7 .2 
53 ™̂  sodium acetate 

ei ther 2.6 mM EDTA (Disodium sa l t ) 
or 8.8 mM magnesium acetate 

DEP i s unstable i n aqueous solution and so was added 
separately, as was the SDS. 

. I n early experiments incubation at 37°C. f o r 5 J^in. was 
performed followed by centr i fugat ion at 2,500g i n a MSE Minor 
bench centr ifuge. (w/v) sodium chloride was added to the 
decanted supernatant and the mixture was incubated at 57°C. f o r 
a f u r t h e r 5 min. The incubation steps were l a t e r dropped as they 
provided no s ign i f i can t increase i n y i e l d , providing the mixing 
wi th sodixun chloride was thorou^ . The extract was eentrifuged 
at 10 ,000g f o r 20 min. at 4°C. i n a MSE 18 centrifuge. 

Three volumes of ice cold absolute ethanol were added to 
the supernatant follpwed by storage at -20°C. overnight. The 
prec ip i ta ted nucleic acids were collected by centrifugation and 
resuspended i n a small volume of appropriate buf fe r without 
f u r t h e r p u r i f i c a t i o n . 

d. Limitat ions. 
A l t h o u ^ DEP extraction has been shown to give ENA products 

which re ta in template a c t i v i t y (Fedorcsak et a l . , 1969)> transfer 
a c t i v i t y (Abadom and Elson, 1970; Fedorcsak et a l . , I969) and 
i n f e c t i v i t y (Oxel fe l t and Arstrand, 1970) and IfffA products which 
r e t a i n the i r i n f e c t i v i t y (phage MA, KPndorosi et a l . , 1972) and 
transforming a b i l i t y (bacterial DNA, Fedorcsak and Turtoczky, I966) 
nevertheless there has been c r i t i c i sm leve l led at the use of DEP 
based on various reported detrimental e f fec ts . Solymosy et a l . 
(1970) and Oxel fe l t and Arstrand ( l 9 7 0 ) observed inact ivat ion of 
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p u r i f i e d Tlff7-ENA. Denic et a l . (1970) and Ortwerth (1971) noted 
loss of tBNA acceptor a c t i v i t y . Oberg (1970) reported inact ivat ion 
of sin&Le-stranded pol iovirus but not of the double stranded 
r ep l i c a t i ve form (Oberg, 1971) . This l a t t e r observation pointed 
to some form of complexing of the nucleic acid with DEP and fur ther 
reports suggest that DEP interacts with adenine molecules 
(Leonard et a l . , 1970) . However, f o r rRNA extraction procedures 
none of these cr i t ic i sms seem v a l i d pa r t i cu la r ly i n view of the 
consistent and high yields even with small quanti t ies of plant 
mater ia l . 

e. Spectrophotometric estimation of ENA. 

The concentration of ENA resuspended i n buffer was estimated 

from the U.Y. absorption spectrum of samples di luted appropriately 

i n d i s t i l l e d water, assuming the fo l lowing relat ionship: 

OD̂ gQ - 01^290 ~ uni ts = 1 mg./ml. ENA 
(Tester and Dure, 1966) 

Measurements were made using a Perkin-Elmer 402 or a 
Pye-Unicam SP 800 spectrophotometer employing a d i s t i l l e d water 
blank. 

f . Comparison of phenol and DEP methods. 
Comparisons of overal l nucleic acid y i e l d and behaviour under 

PAGE (section i i i ) were made fo l lowing phenol or DEP extraction 
from F. pratensis leaves (Table 2.1; Figure 2.1). These show that DEP 
extraction increases the y i e l d without a f f ec t ing the electrophoretic 
behaviour of the rRNAs. Table 2.2suggests that there i s loss i n 
pu r i t y as a resul t of DEP extraction. 

Phenol extraction results i n an E of 260 nm and an E 
max mxn 

of 232 nm whereas f o r DEP extractions, whils t the E remains the 
max 

same, the -̂̂ ^^^ i s sh i f ted to 237 nm. Such a s h i f t has been noted by 
Strangeway ( l 9 7 7 ) and Solymosy et a l . (1972) and has been 
a t t r ibu ted to earboxymethylation of the nucleic acid bases by the 
l a t t e r , although th i s might also arise from protein contamination. 



TABLE 2.1 
Comparison of the y i e l d of nucleic acids 
from leaves of F. pratensis fo l lowing 
extract ion with phenol or DEP. The results 
are expressed as ^ g . nucleic acid yielded 
per g. f resh weight of tissue. 

FIGURE 2.1 
Comparison of the spectrophotometric scans 
at 265 nM. of PAGE gels of phenol ( ) 
and DEP ( ) extracted nucleic acid. 
Approximately I 5 ̂ g . nucleic acid were 
electrophoresed i n each case f o r 3 Sit 
room temperature at 50 V on 2 .6^ ( ^A) 
acrylamide gels i n Loening's 3 'E ' bu f f e r 

•u 2+ mxnuE Mg . 



TABLE 2.1 
/ j g . g -

1 2 3 

Phenol 390 242 

DEP 810 930 725 
°/oincr©ase 
yield 52 49 67 

FIGURE 2.1 

•ve - ve 



TABLE 2.2 
Comparison of pur i ty of nucleic acids 
prepared by phenol or by DEP methods. 
The pur i ty i s judged by comparison of 
spectral r a t ios as indicated. 
DEP 2nd. wash values are those achieved 
f o l l o w i n g a fu r the r ethajiolic wash 
which reduces the y i e l d but improves 
p u r i t y . 

Figure 2 .2 
Comparison of PAGE of E. c o l i and 
P. pratensis extracted by DEP. 
Electrophoresis and gel buffers 
include EDTA. 



ITABLE 2.2 
Enn^iu 

Emini 
Ema)^ 

E280 

Phenol 2-0^ 1-87 

DEP 1-63 172 

DEP 
2'^dwash 1-93 1-89 

FIGURE 2.2 

Epratensis 
E c 

(S> 
(Nl 

0-56 
i 

V08 
4 

+ ve - v e 
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Where Ejjj^^E^^'^ ^^^max^280 approach the value 2.0 - 0.1 
a good degree of ENA pur i ty can he in fe r red (Peteiman, I964). 
Tahle 2a8hows that Emax/Emin and Emax/^280 f o r DEP-extracted RNA 
were lower than the eorresponding values f o r phenol-extracted 
RNA but fo l l owing fu r the r p u r i f i c a t i o n by fu r the r prec ip i ta t ion 
with ethanol these values did improve although th is caused a 
reduction i n y i e l d . Although th is implies that the DEP method 
Buffers from contamination of the RNA extract, the contamination 
i s not such that ^ t e r f e r e s with PAGE or spectre photometric 
estimation. 

Sensu s t r i e to RNA extraction i s not improved by DEP use but 

i t s use does allow f o r a reduction i n p u r i f i c a t i o n steps and 

therefore an increase i n y i e l d . 
Using ha l f leaves of Chinese cabbage, Strangeway (1977) 

showed that the DEP method resulted i n an increase i n y i e l d of 
nearly 60^ compeired with the phenol method, with no observable loss 
i n pur i ty as judged by similar spectral ra t ios . The losses i n the 
phenol method were a t t r ibuted to the need f o r extensive 
p u r i f i c a t i o n steps. Solymoay et a l . (1968) reported h i ^ e r yields 
of RNA using DEP i n extractions from tobacco and bean. Again the 
lower yie lds with phenol were a t t r ibu ted to the necessity f o r 
cleaning-up steps f o r U.V. spectrophotometric estimation. Melera 
et a l . (1970) compared these two extraction procedures using 
Physarum and showed there was no difference i n electrophoretic 
behaviour of the d i f f e r e n t l y extracted rRNAs. Strangeway (1977) 

showed that a l l aspects of electrophoretic behaviour of ENA 
extracted from Chinese cabbage were similax fo l lowing extraction 
by ei ther method. 

The elevated temperatures used by Strangeway (1977)5 and 
o r i g i n a l l y used here, i n the DEP method did not result i n high 
molectilar weight aggregates as the cr i t ic isms of Lovett and Leaver 
(1969) suggest. 

Not only were DEP extracted RNA yie lds appreciably (at least 
50^) greater than those achieved wi th phenol extraction, but 
subsequent resolution i n PAGE was markedly improved providing 
Mĝ "*̂  ion requirements were observed (see section I I , i i i c. ) . 
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2+ Addition o f Mg to the phenol extraction medim led to 
contamination of the ENA with non-nueleie acid material . 
This in t e r fe red wi th subseatieht electrophoresis but resolution 
was p a r t i a l l y restored by inclusion of EDTA at a l a t e r stage 
i n extract ion (Leaver and Ingle , 1971)• However, as f u l l y 
explained i n section I I , i i i e., th is results i n loss of 
i n t e g r i t y of the 1.1x10 ENA. Since inclusion of Mĝ "*" i n the 
DEP extract ion procedxire does not cause co-precipi tat ion of 
non-nucleic acid material and requires no fu r the r c l a r i f i c a t i o n 
by EDTA addi t ion, the i n t e g r i t y of the 1.1x10 ENA can be 
maintained with no loss i n resolution. The DEP method has the 
f u r t h e r advantage of being rapid and r e l a t i v e l y straightforward. 

i i i . Polyacrylamide Gel Electro-phoresis (PAGE). 

Sucrose density gradient analysis of rRNA was the most 
widely used method u n t i l 196?. The results from i t s use were 
variable (Baltus and Quertier, I966; Pollard et a l . , I966J 
Spencer and W h i t f i e l d , I966) par t ly due to hydrostatic 
pressure-induced degradation ( infante and Baier le in , 1971). 
Methylated serum albumin supported on Kieselguhr columns 
were also used with l imi t ed success (ishihama et a l . , 1962; 
Loening and Ingle , 1967)* 

Loening (19^7) modified the PAGE technique previously only 
used f o r low molectilar weight ENA (Eichards et a l . , 19^5) or 
p a r t i a l digests (Gould, I966) to allow separation of h i ^ 
molecular weight ENA from a number of d i f f e r e n t sources. The 
super ior i ty o f PAGE over previous methods was fu r the r established 
by Bishop et a l . (1967), Peacock and Dingman (1967) and 
Grossbach and Weinstein (1968). Eichards et a l . (1965) had 
already established the relationship of migration of low 
moleciilar weight ENAs i n PAGE as being inversely related to 
t he i r sedimentation coeff ic ients . Loening and Ingle (1967) showed 
th i s to be true of h i ^ molecular weight ENAs also. In reports 
i n 1968 and 1969> Loening a t t r ibuted apparent molecular w e i ^ t s 
to the resolved rENAs. Thus cytoplasmic rENAs have apparent 
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molecular weights of I.JxIO^ (25S) and 0.7x10^ (18S) and 
ehloroplastic rRNAs of 1.11x10^ (23S) and 0.56x10^ ( l6s ) 
(Mache et a l . , 1978). 

PAGE system used. 
Gels were prepared essentially by the method of 

Loening (1967, 1968). 
For 2.65^ (W/V) acrylamide gels a stock monomer solution 

containing 156 g . / l . acrylamide and 7.5 g . / l . bis-acrylamide was 
made. For 7.5^ (w/v) gels the bis-aciylamide concentration was 
lowered to 3-25 g . / l . These monomer stocks were s t i r red f o r over 
1 h. , f i l t e r e d through Whatman No. 1 f i l t e r paper and stored i n 
the dark at room temperature f o r not more than two months. 

Ammonium persulphate (100 g./l.) stock was generally made up 
f resh immediately p r i o r to use, although occasionally i t was stored 
at 0°C. f o r a few days. 

Electrophoresis buffers were:-
(A ) ' ? E ' bu f f e r (Bishop et a l . , 1967) 

120 mM. t r is-acetate pH 7.2 or 7.8 
60 mM, sodium acetate 

either 5 mM. EDTA (disodium sa l t ) 
or 10 mM. magnesium acetate 

( E ) ' 5 E ' bu f fe r (Loening. I969) 
108 mH. tris-phosphate pH 7.6 
90 mM. sodium dihydrogen phosphate 

5 mM. EDTA (disodium sa l t ) 
A l l these buffers were di luted 2:1 with d i s t i l l e d water and 

2 g . / l . SDS added p r i o r to electrophoresis. 
The desired acxylamide concentrations i n the gel were 

obtained by mixing appropriate proportions of reagents as fo l lows: 
Gel strength (5̂  acrylamide) 2.6 7.5 

stock monomer (ml . ) 4.35 12.50 
water (ml . ) 12.11 3-94 
«3E' bu f f e r 8.32 8.32 
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20 ; i l . TEMED and 200 ju l . ammonium perstdphate (stock) were 
added simultaneously, mixed quickly but gently (so as to prevent 
undue 0^ incorporation which i n h i b i t s polymerization). 

"Plexiglass" tubes (9 cm. x 0.6 em. internal diameter) were 
supported v e r t i c a l l y i n the electrophoresis tank. The lower ends 
of the tubes were sealed with pre-soaked dialysis tubing secured 
by small rubber r ings. Closed rubber tubes were f i t t e d over the 
membranes to form an a i r seal to prevent the unpolymerized gel 
passing through the membrane before set t ing. The gel'mix was 
pipetted gently down the sides of the tubes, so as not to trap 
a i r bubbles, to a depth of 8.00 em. A small amount of d i s t i l l e d 
water (approx, 100 p i . ) was immediately layered over 7.5^ gels via 
a syringe i n order to f l a t t e n the gel surface. 

"Sp l i t " gels were made by p ipe t t ing 7*5^ gel mix to a depth 
of 5 cm. and f l a t t e n i n g the surface with d i s t i l l e d water. Af te r 
5 - 1 0 min. th i s water layer was removed and the 7» 5^ portion was 
over la id wi th 5 cm. of 2.6$« gel mix, which was allowed to 
polymerize i n the normal way. 

The a i r seals were removed and the tank reservoirs were f i l l e d 
wi th appropriate buf fe r so that the tops and bottoms of the tubes 
were completely covered. Electrophoresis was carried out using a 
Vokam power pack set on constant current mode, either at room 
temperature or at 4°C. Gels were pre-run at 6mA/gel f o r at least 
30 min. to remove f ree acrylamide, ammonium persulphate and other 
impuri t ies (Poulson and Beevers, 1970). Samples containing between 
10 - 50 pg. EHA i n varying amounts of buf fer (up to 1 0 0 ^ . ) and 
containing 100 g . / l . sucrose were loaded. Electrophoresis was 
performed at 6 mA/gel f o r between 2.5 and 4 h. 

On completion of electrophoresis the dialysis membrane was 
removed and the gels were either gently dislodged by pressure from 
a pipet te bulb i n the case of low percentage acrylamide gels or by 
means of a syringe adaptation f i l l e d with d i s t i l l e d water f o r high 
percentage gels. Part icular care was required i n handling " s p l i t " 
gels. To ensure removal of these gels in tac t a compromise between 
the two methods of gel release was employed. 



39 

Gels were generally washed i n 7^ (V^) acetic acid f o r at 
leas t 1 h . p r i o r to scanning, i n order to "remove U.V. absorbing 
debris, par t ievi lar ly from the top of the gel. 

RNA bands were visualised by scanning the gels i n a 
Joyce-Loebl Polyfrac at 265 nm., l inked to a Servoscribe chart 
recorder, or with a Vita t ron UPS recording at 254 nm. 

Confirmation of band locat ion was achieved by staining with 

tb lu id ine blue (0.2 g . / l . ) f o r at least 1 h. followed by successive 

washes of d i s t i l l e d water. 

b. Molecular weight determination. 
Apparent molecular weights were calculated by reference to 

the electrophoretic behaviour of highly polymerized E. eo l i RNA 
of assujned molecular weights of 1.08x10^ and 0.56x10^ (Loening, 1969; 
Payne and Loening, 1970). The estimates obtained f o r molecular 
weights of RNA from F. pratensis are i n good agreement with those 
obtained f o r other plant RNA species (Loening, I968) ( f igure 2. 3) . 

e. Some effects of Mĝ "*" and EDTA on PAGE. 
Unlike the r a t io of 2:1 of the large and small cytoplasmie 

rRNA subunits, based on the i r mass, a similar ra t io f o r 
ehloroplastic rRNAs has been rarely achieved. The r a t i o , more of ten 
than not , approached 1:1 due to depletion of the 1.1x10^ rRNA 
(Ingle and Bums, 1968; IngLe, 1968a; Fraser, 1969; Payne and 
Loening, 1970; Leaver and Ingle , 1971; Dyer et a l . , 1971). I n f ac t , 
Leaver and Ingle ( l97l) reported that th is f r ac t i on was absent 
from Swiss chard, and Spencer and Whi t f i e ld (1966) suggested that 
only one high molecular weight rRNA was present i n the chloroplasts 
of a number of species. Ingle (1968^ found that newly synthesized 
1.1x10^ rRNA was stable but soon broke down into two fragments. 
This s t a b i l i t y was found to vary with d i f f e r e n t species and 
d i f f e r e n t ages ( ingle et a l . , 1970; Leaver and Ingle, 1971; 
Grierson, 1974). This led to the suggestion that RNAse action 
might cause these fragmentations. Since only one rRNA was affected 
i t was un l ike ly to be due to random RNAse a c t i v i t y . Ingle (1968a) 
claimed that the cleavage occurred i n vivo and was due to the 



FIGUEE 2.5 
Calibrat ion f o r determination of 
molecular weights f o r e lect rophoret ical ly 
separated ENA species. The re la t ionship 
between mobi l i ty and log . (molecular w e i ^ t ) 
has been demonstrated by Bishop et a l . , 
1967; Loening, I968; Peacock and 
Dingman, I968 . 

• E. c o l i markers. 
• l i l igration of F. pratensis 

ENAs related to the i r 
theoret ical molecular weights. 



FIGURE 2.3 
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r i b o B o m a l conformation which provided specif ic areas of exposure 
2+ 

f o r ENAse a t t a c k . The inclusion of Mg ions from t h e onset o f 

extract ion s tabi l ized t h e s e cleavage points b u t addition fo l lowing 
extract ion i n the i r absence f a i l e d to maintain rENA i n t e g r i t y . 
Leaver and Ingle (1971) proposed the presence o f "hidden breaks" 
i n the rENA which were revealed by extraction i n EDTA but could be 

2+ 
protected by Mg . Atchison et a l . (l975) suggested that rather 
than the presence of "hidden breaks" there might be "hidden 
nucleases." They co-extracted ENA from tobacco leaves and E. c o l i , 
reasoning that any treatment which only affected the 1.1x10^ rENA 
from tobacco leaf would be evidence of i t s inherent i n s t a b i l i t y . 
Degradation of E. c o l i ENA did occur when mixed with leaf rENA but 
i t remained in tac t i f extracted alone. Inclusion of guanidium 
chloride, a strong dissociating agent, was the only means of 
"hidden nuclease" removal but resulted i n aggregation of ENA which 
could be reversed by heating at 95°C. i n the presence of EDTA. 
Dyer and Payne (l974) proposed that there was a ENAse which was 
l a t en t under extraction conditions i n which the i n t e g r i t y of the 
ribosomes from bean root was maintained. However, disruption caused 
pre fe ren t i a l absorption of the ENAse on to ribosomes and low ionic 
conditions caused i t s act ivat ion. Perhaps a s imilar s i tuat ion exists 
f o r chloroplast ribosomes. Bourque et a l . (l973) described a much 
improved extraction of ENA from Jack bean, tobacco and pea leaves 

2+ 
using 25 iiiM Mg i n the extraction medium. Their results suggested 
that Mĝ "*" was not required f o r s t ab i l i z ing the 1.1x10^ rENA but 
rather as an i n h i b i t o r of ENAse a c t i v i t y since no breakdown was 

2+ 
observed i n subsequent PAGE i n the presence of EDTA and without Mg 
i n the cold. This resul t was quite at variance with the observation 

2+ 
of Leaver and Ingle (1971) that EDTA added to Mg -extractions at a 
l a t e r stage, whi ls t preventing some of the non-nucleic acid 

2+ 
contamination associated with Mg inclusion, caused breakdown of 
the 1.1x10 rENA. However, electrophoresis i n th is instance was 
carr ied out at room temperature and may have stimulated ENAse 

2+ 
a c t i v i t y . Grierson (l974) showed that the absence of Mg alone i n 
PAGE was s u f f i c i e n t to reduce the i n t eg r i t y of the 1.1x10 rENA. 

2+ 
I t does seem l i k e l y that the use of such high Mg levels by 
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Bourque et a l . (1973) allowed s u f f i c i e n t co-precipitation with the 

nucleic acids f o r subsequent maintainenoe of the 1.1x10^ rENA i n 

PAGE. Hg addit ion to RNA causes an increase i n absorbance at 

300 nm. but no increase at 258 nm. The i n h i b i t i o n of ENAse a c t i v i t y 

could be a t t r ibu ted to a change i n secondary structure by an 

increase i n E-bonding which m i ^ t confer some sort of resistance 

to RNAse fttoek ( M o r r i l l and Reiss, 1969). However, Atchison et a l . 

(1973) regard such binding of divalent cations as minimal according 

to t he i r measurements of hypochromicity. 

The requirement f o r EDTA i n PAGE stemmed from the need to 
2+ 

" c l a r i f y " the Mg -extracted nucleic acid (see above). Nucleic 
acids run on EDTA-containing PAGE not only displayed'greater 
resolut ion but migrated approximately 10^ fu r the r along the gel 
with no evidence of aggregation. Gagnon and de Lamirande (l972) 
observed 60^ autodegradation caused by EDTA i n ENA preparations 
from tobacco leaves. The DEP method of extraction does not suf fer 

2+ 
from the Mg -re la ted PAGE interference so EDTA i s not required. 
Consequently, chloroplast rENA can be maintained without loss or 
loss of resolution on PAGE (Strangeway, 1977). 

Extractions of nucleic acids from F. pratensis were carried 
2+ 

out i n the presence and absence of Mg and EDTA as described i n the 
legend to Figure 2.4.The invest igat ion was designed to establish the 
s t a b i l i t y of the chloroplast rRNA and to examine the claim of 
Bourque et a l . (l973). I ' t was considered important to optimize the 
extract ion and separation of nucleic acids par t icu la r ly i n view of 
f u r t h e r work involving the monitoring of nucleic acids from leaves 
of d i f f e r e n t ages. 

The resul ts from several experiments are summarized i n 
2+ 6 Figure 2.4. The importance of Mg i n maintaining 1.1x10 rRNA 

i n t e g r i t y i s clear. I t must be present during ce l l disruption since 
i t s subsequent addition f a i l s to confer s t a b i l i t y on t h i 1.1x10^ 
rRNA and merely confers the electrophoretic behaviouie' characteristic 
of Mg -containing PAGE systems. This i s consistent with the work of 
Ingle (I968a)which suggested fragmentation was an i n vivo event. 
However,, providing the Mg concentration i s s u f f i c i e n t l y high 
( > 10 mM. ) during extract ion, and by implication i n excess of the 



FIGUEE 2.4 
PAGE of rENA extracted from F. pratensis 
by the DEP method. The f igu re at the top 
of each p r o f i l e represents the b u f f e r 
used i n extraction (e i ther containing 
10 mM. Hĝ "̂  or 3 mM. EDTA) and the f igure 
beneath th i s indicates the electrophoresis 
and gel bu f f e r used. Electrophoresis was 
carr ied out f o r 5 ^* ei ther at room 
temperature ( r t ) or at 4°C. as indicated. 
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TABLE 2 . 3 
2+ 

Effec t of Mg concentration during 
extraction and subsequent PAGE of 
rENAs from F. pratensis. Concentrations 
of extraction buffers and PAGE buf fe rs 
used were 2.5 laM. , 5*0 and 10 mM. 
as indicated i n the Table 

a. peak area ra t ios 25S/l8S 
(cytoplasmic^ 

b. peak area ra t ios 23S /16S 

(chloroplas t ic) 
The h i ^ values f o r 'a ' on electrophoresj.s 
and correspondingly low values f o r ' b ' 
may resul t from some form of aggregation. 



TABLE 2.3 

PAGE _^ 
2-5 50 10-0 ratio 

i 
extraction 

• 1 1-58 2-01 2-60 255/185 a 

2-5 1-.66 1-57 1-A5 235/155 b 

2-27 2-11 2 68 2 5 ^ 1 8 5 a 
5 0 2-07 2-03 1-78 235 /55 b 

2-11 2-18 2-33 2 5 5 / 8 5 a 
100 1-97 1-88 1-67 2 3 ^ 6 5 b 



FIGUEE 2.5 
PAGE of rENA from F. pratensis 
extracted by the DEP method at 

2+ 
d i f f e r e n t concentrations of Mg 
and electrophoresed at that 
concentration also. 
10 mM. extract ion run on 

20 mM. PAGE gels. 
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c h e l a t i n g c a p a c i t y o f the EDTA c o n c e n t r a t i o n , i t s presence does n o t 

seem to t e r e q u i r e d d u r i n g subsequent PAGE, p a r t i c u l a r l y i f t h i s i s 

c a r r i e d o u t a t 4°C. However, these o b s e r v a t i o n s do n o t p r e c l u d e the 
2+ 

p o s s i b i l i t y o f • 'h idden b reaks" i f Mg c o u l d be conce ived o f as 
b i n d i n g i r i t h t he rEHA and i f subsequent c h e l a t i o n by EDTA -was 

2+ 

i n s u f f i c i e n t t o cause r e v e r s a l o f the Mg - imposed s t a b i l i t y . 

The most l i k e l y e x p l a n a t i o n i n v o l v e s a r e t u r n to the i n t e r p r e t a t i o n 

o f I n g l e ( l968gl wh ich i s e s s e n t i a l l y a compromise between the two 

a l t e r n a t i v e p r o p o s a l s o f A t c h i s o n e t a l . ( l 9 7 3 ) and Leaver and 

I n g l e ( 1971) . 

d . O p t i m a l e l e c t r o p h o r e s i s c o n d i t i o n s . 

The o p t i m a l c o n d i t i o n s can be summarized as f o l l o w s : -

1 . EDTA. 

'^BJL gave the bes t r e s o l u t i o n . ImlL seemed to cause 

breakdown o f 0.7x10^ r M A and 6mM. caused the 

appearance o f a peak between 1.3x10^ and 1.1z10^ rRRAs. 

2. m £ : 
A g g r e g a t i o n seems to occur a t h i g h c o n c e n t r a t i o n s 

( > 20mll. ) b u t be low t h i s M g ^ has l i t t l e apparent 

e f f e c t on r e s o l u t i o n (F igure2 . 5) .Table 5 i n d i c a t e s 

t h a t some degree o f a g g r e g a t i o n occur s on PAGE ge l s 
2+ 

c o n t a i n i n g lOmM. Hg as ev idenced by the h i g h 

1.5x10^ I 0.7x10^ rRHA r a t i o s . The h i g h e s t degree o f 

i n t e g r i t y was o b t a i n e d when e x t r a c t i o n and PAGE were 

c a r r i e d o u t a t ^miL A t 2. ^nUi. some breakdown o f 

1.1x10^ rRNA o c c u r r e d wh ich e l e v a t e d the v a l u e f o r 

0.7x10^ rRRA r e s u l t i n g i n a l o w e r c y t o p l a s m i c rENA 

r a t i o . The d e l e t e r i o u s e f f e c t s a r i s i n g f r o m e x t r a c t i o n 
2+ 

i n l o w o r h i g h Mg b u f f e r s c o u l d be compensated f o r 
2+ 

by subsequent PAGE Mg c o n c e n t r a t i o n s . 
3. E l e c t r o p h o r e s i s t i m e . 

A t 1 h . the rENA has b a r e l y en t e r ed the g e l ; by 2 h . the 

0.56x10^ and 0.7x10^ peaks are r e s o l v e d b u t the 1.1x10^ 

remains a shou lde r on the 1.3x10^ rEUA peak. By 2 h . 30 m i n . 
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t h e l . l x l O ^ r R N A i e r e s o l v e d f r o m the 1.3x10^ r M A , 

by 3 h . the peaks have broadened and any l o w m o l e c i i l a r 

w e i g h t ERA has m i g r a t e d o f f t h e g e l . 

4. Tempera ture . 

Leaver (l973) demons t ra ted the b e n e f i c i a l e f f e c t on 

maintenance o f the c h l o r o p l a s t 1.1x10^ rBNA o f l o w e r e d 

t empera tu re s . T h i s was demonst ra ted f o r F . p r a t e n s i s 

( F i g u r e 2.4)and subsequen t ly r o u t i n e l y used. 

5. C a ^ 
2+ 2+ 

S u b s t i t u t i n g Ca f o r Mg d i d n o t r e s u l t i n 

maintenance o f the 1.1x10^ r M A to the same e x t e n t . 

F u r t h e r m o r e , e l e c t r o p h o r e s i s had t o be c a r r i e d o u t i n 

the absence o f SDS s i n c e p r e c i p i t a t i o n o f a c a l c i u m 

s a l t r e s u l t e d f r o m i t s i n c l u s i o n . 

e. " S p l i t " g e l s . 

S ince the speed o f m i g r a t i o n was a f f e c t e d by the " s p l i t " g e l 

a r rangement a t r a c k e r dye o f bromophenol b l u e was always i n c l u d e d 

i n sample l o a d i n g . A l t h o u ^ good s e p a r a t i o n s c o u l d be ach ieved 

w i t h economy o f t ime and m a t e r i a l s ( F i g u r e 2, 6) t he ge l s r e q u i r e d 

much more care i n . h a n d l i n g . As a r e s u l t , the p r a c t i c a l i t y o f 

h a n d l i n g l a r g e numbers o f g e l s was i n doub t . However, as a r e l i a b l e 

and r a p i d " l o o k - s e e " p rocedure i t was h i g h l y s u c c e s s f u l . 

i v . R a d i o - i s o t o p e l a b e l l i n g o f M A . 

S t e r i l i z e d s e c t i o n s ( g e n e r a l methods) f r o m f o u r complete 

l e a v e s o r p o r t i o n s o f 1 eaves were f l o a t e d l o w e r s ide down on 

10 m l . s t e r i l i z e d wa te r c o n t a i n i n g 50 p i . '^E-aden±ne to g i v e a 

f i n a l c o n c e n t r a t i o n o f 5 / i C . i / m l . i n s t e r i l e P e t r i d i shes . . These 

were d i r e c t l y i l l u m i n a t e d a t 2,000 l u x f o r 22 h . a t 25°C. 

I n c o r p o r a t i o n was measured by t a k i n g sma l l a l i q u o t s 

( e . g . , 50 p^-) o f resuspended RNA i n c l e a n g l a s s s c i n t i l l a t i o n 

v i a l s o r p o l y p r o p y l e n e i n s e r t s and add ing ^ ml. o r 2 m l . o f 

s c i n t i l l a t i o n f l u i d r e s p e c t i v e l y . The s c i n t i l l a t i o n f l u i d used was 

t h a t o f P a t t e r s o n and Green (I965) â cL c o n s i s t e d o f : -



FIGURE 2.6 

S p e c t r o p h o t o m e t r i c p r o f i l e o f ENA 

f r o m l e a v e s o f F . p r a t e n s i s 

e l e c t r o p h o r e s e d on a ' s p l i t ' g e l . 



FGURE. 216 

I nterface 

+ ve - ve 
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4 g . PPO 

1,000 m l . t o l u e n e 

500 m l . T r i t o n X-100. 

The v i a l s were shaken, then s t o r e d i n t h e da rk f o r 24 l i . 

p r i o r t o c o t m t i n g to a l l o w f o r subsidence o f chemili iadneseence. 

Where r a d i o a c t i v i t y was to be measured i n PAGE g e l s the 

f o l l o w i n g p rocedu re was adopted . Gels were p l a c e d i n t r o u ^ s 

f o r m e d o f a l u m i n i u m f o i l o f the exac t l e n g t h o f the g e l as 

d e t e r m i n e d by p l a c i n g r u b b e r bungs a t e i t h e r end. The t r o u g h was 

l a i d on a bed o f c rushed s o l i d CO^ u n t i l t h e g e l was c o m p l e t e l y 

f r o z e n . The opaque f r o z e n g e l was then t r a n s f e r r e d to the c u t t i n g 

b l o c k o f a M i c k l e T i s sue S l i c e r ( M i c k l e L a b o r a t o r y E n g i n e e r i n g C o . , 

Gomsha l l , S u r r e y ) w h i c h was l i n e d by a s t r i p o f damp f i l t e r paper 

w h i c h i m m e d i a t e l y p r o v i d e d f i r m adhes ion . S tandard 1.0mm. s l i c e s 

were c u t and i m m e d i a t e l y t r a n s f e r r e d to s c i n t i l l a t i o n v i a l s o r 

i n s e r t s . 0 . 5 m l . p i p e r i d i n e (lOO g . / l . ) were added to each s l i c e . 

Each s l i c e was d r i e d down a t 60°C. f o r a t l e a s t 5 h , t o a l l o w 

h y d r o l y s i s o f the RNA. 0 .5 m l . wa te r were t hen added and the s l i c e s 

a l l o w e d t o s w e l l f o r 1 h . p r i o r to the a d d i t i o n o f 5 nil« o r 2 m l . 

o f s c i n t i l l a t i o n f l u i d . 

C o u n t i n g was p e r f o r m e d i n a Beckman LS-200B s c i n t i l l a t i o n 

c o u n t e r w i t h maximum c o u n t i n g e f f i c i e n c y o f 50^ f o r ^ and 85^ 

f o r ''^C o r i n a T r a c e r l a b Corumat ic 200 s c i n t i l l a t i o n coun te r w i t h 

c o u n t i n g e f f i c i e n c y o f 455>b f o r and 90^ f o r ^^C o r i n a LKB 

Rackbe ta 1215 s c i n t i l l a t i o n c o u n t e r w i t h c o u n t i n g e f f i c i e n c y o f a t 

l e a s t 45^^ f o r \ and 98?^ f o r """̂ C. 

a. Time course o f r a d i o i s o t o p i c up t ake . 

A t i m e course o f l a b e l up take was conducted (F igu re27 ) and 

a l t h o u g h u p t a k e appeared to p l a t e a u a f t e r 10 h . i n c u b a t i o n s were 

p e r f o r m e d f o r 22 h . t o ensure l a b e l l i n g o f a l l s y n t h e s i z e d f r a c t i o n s . 

b . C a l c u l a t i o n o f s p e c i f i c a c t i v i t i e s . 

R e s u l t s were expressed as s p e c i f i c a c t i v i t i e s i n o r d e r to 

compensate f o r d i f f e r e n c e s i n RNA e x t r a c t i o n o r e x t r a c t i o n r e q u i r e 

ments . These were c a l c u l a t e d aa cpm. pe r ^ g . RNA counted . 



FIGURE 2.7 

Time course o f u p t a k e o f ^H-adenine (5 u C i . / m l . ) . 

F o l l o w i n g t h o r o u ^ wash ing , 5 s e c t i o n s ( l cm. ) 

o f F. p r a t e n s i s l e a v e s w h i c h had been i n c u b a t e d 

i n r a d i o i s o t o p e were g round i n 1 m l . 5^ (w/v) 

t r i c h l o r o a c e t i c a c i d , c e n t r i f u g e d a t 2,500 g-

f o r 5 m i n . and 100 ^ 1 . a l i q u o t s were t aken f o r 

s c i n t i l l a t i o n c o u n t i n g . The p o i n t s a re an 

average o f t h r e e such v a l u e s . 
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V . N u c l e o t i d e e x t r a c t i o n and e s t i m a t i o n . 

E t h a n o l s u p e m a t a n t s l e f t a f t e r p r e c i p i t a t i o n o f ENA were 

c o n c e n t r a t e d a t l e a s t t e n t i m e s . b y b l o w i n g down w i t h compressed a i r 

and g e n t l e h e a t i n g a t 40°C. i n a Grant BT J b l o c k t h e r m o s t a t (Gran t 

I n s t r u m e n t s (Cambridge) L t d . , Cambridge) . The c o n c e n t r a t e d samples 

were a p p l i e d as spo t s to the o r i g i n on a 7 2 x^cm. Whatman No. 5 MM 

chromatography paper which was subsequen t ly s a t u r a t e d w i t h 8^ (^/v) . 

f o r m i c a c i d . E l e c t r o p h o r e s i s was conducted u s i n g a Shandon Southern 

Model L 24 h i g h v o l t a g e e l e c t r o p h o r e s i s appara tus i n 85» ( V / Y ) f o r m i c 

a c i d w i t h a p . d . o f 2 - 3 K Y ( ^ 90 mA) f o r 1 h . The p l a t e n was 

c o o l e d to m i n i m i s e r e s i s t i v e h e a t i n g . On c o m p l e t i o n o f e l e c t r o p h o r e s i s , 

t h e e l e c t r o p h o r e t o g r a p h was hung up to a i r d r y and the p o s i t i o n s o f 

t h e n u c l e o t i d e s r e c o r d e d vmder T J . Y . l i ^ t . U s u a l l y , o n l y the s tandards 

were o f s u f f i c i e n t c o n c e n t r a t i o n t o be v i s u a l i z e d i n t h i s way. These 

areas were marked and e q u i v a l e n t areas f o r the samples were c u t o u t 

f o r e l u t i o n i n 1.0 m l . d i s t i l l e d wa te r and s p e c t r o s c o p i c e s t i m a t i o n 

a t ^260 •*'290 '̂̂ •'•'̂ S ^ Unicam SP 800 spec t ropho tomete r l i n k e d 

to a Servo s c r i b e c h a r t r e c o r d e r to a l l o w f o r s ca l e expans ion . 

E s t i m a t i o n o f r a d i o i s o t o p e - l a b e l l i n g o f n u c l e o t i d e s was c a r r i e d 

o u t by t r a n s f e r r i n g a l i q u o t s (50 y a l . - 100 pi.) o f e l u t a n t to 

s c i n t i l l a t i o n v i a l i n s e t s , a d d i n g 2 m l . s c i n t i l l a t i o n f l u i d and 

f o l l o w i n g t h e c o u n t i n g p rocedure o u t l i n e d i n s e c t i o n i v . 

v i . P o l y r i b o s o m e e x t r a c t i o n . 

W e t t s t e i n e t a l . (1963) d e s c r i b e d r i b o s o m a l aggregates f r o m 

r a t l i v e r w h i c h d i r e c t e d ' ' ^ C - l e u c i n e i n c o r p o r a t i o n i n t o p r o t e i n 

p r o p o r t i o n a l l y t o the s i z e o f the aggregate . Two i m p o r t a n t methodo

l o g i c a l c o n s i d e r a t i o n s arose f r o m t h i s work , namely t h a t i t was 

necessa ry to keep e x t r a c t i o n t empera tu re a t about 0°C. i n o r d e r to 
2+ 

f a v o u r heavy aggrega tes and t h a t i s o l a t i o n r e q u i r e d Mg . High 

t e m p e r a t u r e s l e d t o d e g r a d a t i o n to i n a c t i v e monomers p o s s i b l y as a 

r e s u l t o f enhancement o f ETTAse a c t i v i t y ( A r n s t e i n , I 9 6 1 ) . 

As a l r e a d y m e n t i o n e d , p l a n t s are p a r t i c u l a r l y d i f f i c i i l t 

source m a t e r i a l because o f the ha r sh methods r e q u i r e d f o r t h e i r 
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h o m o g e n i z a t i o n . I n a d d i t i o n , t h e u b i q u i t y o f ENAse r e q u i r e s t h a t 

s t eps be t a k e n to i n h i b i t i t s a c t i o n i n po ly r ibosome e x t r a c t i o n 

(Weeks and Marcus , 1969; Anderson and Key, 1971; Rober ts e t a l . , 

1975). Payne and L o e n i n g ( l970) d e s c r i b e d a .number o f i n h i b i t o r s 

used i n r ibosome i s o l a t i o n f r o m pea r o o t s . Of these , b e n t o n i t e 

p r o v i d e d the b e s t p r o t e c t i o n b u t c a u t i o n i n i t s use had a l r e a d y 

been expressed by T e s t e r and Dure (l966) who had shown i t to cause 

e x t e n s i v e r ibosome b i n d i n g . L o e n i n g (1968) had a l so i n d i c a t e d t h a t 
2+ 

a c o m b i n a t i o n o f h i ^ Mg and b e n t o n i t e i n the e x t r a c t i o n caused 

l o s s e s , i n p a r t i c u l a r o f c h l o r o p l a s t RRA. Th i s was a l so i n d i c a t e d 

i n t h e work o f Bourque e t a l . (1973). Weeks and Marcus (1969), 

T r a v i s e t a l . ( l970) , Anderson and Key ( l 97 l ) and A l s c h e r e t a l . 

(1978) employed DEP as an e f f e c t i v e ENAse i n h i b i t o r and r o u t i n e l y 

o b t a i n e d i n c r e a s e d p r o p o r t i o n s o f p o l y r i b o s o m e s . However, i n v i e w o f 

some o f t h e l i m i t a t i o n s o u t l i n e d i n s e c t i o n I I , i i d . and r e p o r t s 

s u g g e s t i n g t h a t under some c i r cums tances DEP causes j f i A u o t i o n o f 

r ibosomes to t h e i r s u b u n i t s (Huvos and Solymosy, 1971; Anderson and 

Key , 1971 )> r e d u c t i o n i n p o l y r i b o s o m e y i e l d and the percentage o f 

l a r g e p o l y r i b o s o m e s (Pavies e t a l . , 1972) and a l so a g g r e g a t i o n i n 

PAGE (S t rangeway , 1977) i t s u s e f u l n e s s i n po ly r ibosome e x t r a c t i o n i s 

i n d o u b t . C e r t a i n l y i t cannot be used i n i s o l a t i o n o f po ly r ibosomes 

d e s t i n e d f o r i n v i t r o p r o t e i n s y n t h e t i c a c t i v i t y measurements (Weeks 

and Marcus , 1969; Anderson and Key, 1971)• 

The use o f the ENAse i n h i b i t o r , p o l y v i n y l s u l p h a t e , i s l i m i t e d 

by i t s i n t e r f e r e n c e i n U . 7 . m o n i t o r i n g o f separa ted r ibosome 

f r a c t i o n s ( C l a r k e t a l . , I964) and a t h i g h c o n c e n t r a t i o n s causes 

d i s s o c i a t i o n i n t o p o l y d i s p e r s e ( H s i a o , I968) o r d i s c r e t e (Vanyushin 

and Dunn, I967) RNA p r o d u c t s . 

The use o f Cû "*" ( H a l l and Cock ing , I966) and Zn "̂*" ( B a r k e r and 

R i e b e r , I967) as RNAse i n h i b i t o r s was shown by McGown e t a l . (1971) 

t o cause anomal ies ( n o t a b l y a g g r e g a t i o n ) i n subsequent g r a d i e n t 

a n a l y s i s . 

Dav ies e t a l . (1972) d e s c r i b e d a method f o r po ly r ibosome 

e x t r a c t i o n f r o m pea stems a v o i d i n g the use o f RNAse i n h i b i t o r s w i t h 

t h e i r c o n c o m i t a n t dub ious s i d e - e f f e c t s . T h i s i n v o l v e d the use o f 
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b u f f e r s o f h i g h c o n c e n t r a t i o n ^200 mM. , b u t l e s s than 4OO mM.) 
and h i g h pH (pH 8^5 - 9)« ^ c o n c e n t r a t i o n s ove r t h e range 

2+ 
0 - 1 0 0 mM. and Mg c o n c e n t r a t i o n s ove r t h e range 1 0 - 5 0 mM. 
were f o u n d n o t t o a f f e c t the y i e l d . However, absence o r h i ^ 

m o l a r i t y ( > 80 mM. ) o f Mg o b l i t e r a t e d po ly r ibosome appearance 

on sucrose d e n s i t y g r a d i e n t s . Breen e t a l . ( l 9 7 2 ) f o u n d t h a t 

p o l y r i b o s o m e i s o l a t i o n i n h i ^ s a l t and h i g h pH was e f f e c t i v e i n 

b a r l e y a l s o . The improvement c o n f e r r e d by r a i s i n g the pH may be 

due t o t h e removal o f ENAse a s s o c i a t e d w i t h r ibosomes which 

r ema ins absorbed and a c t i v e a t pH below^ 8 . 5 ( H s i a o , 1968). 

Beachy e t a l . (1978) e s t a b l i s h e d t h a t f o r i s o l a t i o n o f 

p o l y r i b o s o m e s f r o m soybean, pH 9 b u f f e r s y i e l d e d poor po ly r ibosome 
+ 2+ 

p a t t e m s and b u f f e r s c o n t a i n i n g h i ^ K t o Mg r a t i o s ( g r e a t e r , 
t h a n 6 : I ) were b e t t e r than l o w e r r a t i o s . Gray and Cashmore (197^) 

had a l r e a d y r e p o r t e d t h i s i n t h e i r , p o l y r i b o s o m e i s o l a t i o n u s i n g 
+ 2+ 

b u f f e r s o f pH 8 .5 and c o n t a i n i n g K and Mg i n the r a t i o 20 : 1. 

The c r i t i c i s m t h a t h i g h s a l t removes c o n s t i t u e n t p r o t e i n s can be 

i g n o r e d f r o m t h e f u n c t i o n a l aspec t as po ly r ibosomes i s o l a t e d f r o m 

pea i n h i g h s a l t c o n d i t i o n s have been shown to be f u l l y a c t i v e i n 

i n v i t r o p r o t e i n s y n t h e s i s (Cammarano e t a l . , 1972; Beachy e t a l . , 

1978). 

a. Methods used . 

The method o r i g i n a l l y adopted was e s s e n t i a l l y t h a t o f 

Jachymczyk and Cher ry (1968) as d e s c r i b e d by Pearson (1969). 

However, m o d i f i c a t i o n s were made which p r o v i d e d b o t h h i g h e r 

y i e l d s and q u a l i t a t i v e r e p r o d u c i b i l i t y f o r F. p r a t e n s i s . 

The o r i g i n a l method and t h a t uiged f i n a l l y w i l l be de sc r ibed 

s e p a r a t e l y ( A . , B . r e s p e c t i v e l y ) . F a c t o r s i n the course o f 

deve lopment o f : t h e method ,a re d e s c r i b e d i n 

A. P l a n t t i s s u e was ground t o a f i n e powder f o l l o w i n g 

f r e e z i n g i n l i q u i d n i t r o g e n . T h i s n o t o n l y a i d e d 

h o m o g e n i z a t i o n b u t a l so p r e v e n t e d po ly r ibosome l o s s 

u s u a l l y a s s o c i a t e d w i t h e x c i s i o n and subsequent w i l t i n g 
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Three t i m e s t h e t i s s u e volume o f e x t r a c t i o n b i i f f e r were 

added w i t h o r w i t h o u t N o n i d e t P40 o r P42 (0.4$o Y / V ) 

(see i x . g . ) 

The e x t r a c t i o n b u f f e r c o n t a i n e d : -

20 mM. T r i s - H C l pH 8 .0 

250 mM. sucrose (RNAse f r e e ) 

10 mM. magnesium c h l o r i d e 

15 mM. po tass ium c h l o r i d e 

5 mM. ^ - m e r c a p t o e t h a n o l 

The r e s u l t i n g b r e i was c e n t r i f u g e d a t 10,000 g. f o r 20 m i n . 

a t 4°C. i n a MSE " H i ^ Speed" c e n t r i f u g e . 3 - 4 m l . o f 

p o s t - m i to c h o n d r i a l supe rna t an t were c a r e f u l l y l a y e r e d ove r 

4 m l . o f 1 . 5M sucrose d i s s o l v e d i n e x t r a c t i o n b u f f e r . 

C e n t r i f u g a t i o n f o l l o w e d a t 105,000 g. f o r a t l e a s t 3 h . 

(see i x . e. ) i n a 10x10 m l . t i t a n i u m angle r o t o r i n a JaSE 

"Superspeed" 65 u l t r a c . e n t r i f u g e a t 4°C. F o l l o w i n g 

c e n t r i f u g a t i o n t h e supe rna t an t was decanted and the tubes 

i n v e r t e d ove r absorben t paper f o r s e v e r a l m i n u t e s . The tube 

T r a i l s were wiped w i t h absorbent paper and the opa l e scen t 

p e l l e t was t h e n e i t h e r resuspended i n e x t r a c t i o n b u f f e r 

(50 - 200 pi.) o r i m m e d i a t e l y f r o z e n i n l i q u i d n i t r o g e n and 

s t o r e d a t - 2 0 ° C . 

B . The f i n a l method adopted f o r po ly r ibosome e x t r a c t i o n was 

e s s e n t i a l l y t h a t o f Jackson and L a r k i n s ( l 976 ) and L a r k i n s 

e t a l . (1976) as m o d i f i e d by Beachy e t a l . (1978). 

P l a n t t i s s u e was ground f o l l o w i n g f r e e z i n g i n l i q u i d n i t r o g e n . 

A f t e r t h a w i n g a t 4°C. , 0.1 g . PTP (see i x . c. ) pe r g. t i s s u e 

were added f o l l o w e d by e x t r a c t i o n b u f f e r amount ing t o f i v e 

t i m e s t h e volume o f t i s s u e , w i t h o r w i t h o u t N o n i d e t P42 

(0.4?^ Vv). 
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The e x t r a c t i o n b u f f e r c o n t a i n e d i -

200 mil. T r i s - H C l pH 8 .5 

200 mM. sucrose (ENAse f r e e ) 

400 mM. po tass ium c h l o r i d e 

50 mM. magnesium c h l o r i d e 

5 mM. DTT 

I n s o l u b l e m a t e r i a l was removed by c e n t r i f u g a t i o n a t 10 ,000 g. 

f o r 20 m i n . i n a 10x10 m l . ang le r o t o r i n a MSE "Superspeed" 

50 TC a t 4°C. The r e s u l t i n g s u p e r n a t a n t was l a y e r e d over 

4 m l . I.5M sucrose d i s s o l v e d . i n e x t r a c t i o n b u f f e r ( A . ) and the 

p r o c e d u r e o u t l i n e d i n ( A . ) was pursued . 

E x t r a c t s d e s t i n e d f o r i n t r o d u c t i o n i n t o the wheatgerm c e l l - f r e e 

p r o t e i n - s y n t h e s i z i n g system o r f o r sucrose d e n s i t y g r a d i e n t 

a n a l y s i s were t r a n s f e r r e d to capped c o n i c a l m i c r o c e n t r i f u g e 

tubes and c l a r i f i e d by c e n t r i f u g a t i on a t 13,000 g. f o r 1.5 m i n . 

a t 4°C. i n a Q u i c k f i t m i c r o c e n t r i f u g e ( l 2x1 .5 m l . ) ( Q u i c k f i t 

I n s t r u m e n t a t i o n , E n g l a n d ) . 

b . S p e c t r o p h o t o m e t r i c e s t i m a t i o n o f r ibosomes. 

The TJ.Y. spec t rum was r e c o r d e d u s i n g a P e r k i n Elmer 402 o r a 

Pye Unicam SP 800 spec t ropho tome te r . Q u a n t i t a t i v e e s t i m a t i o n was made 

u s i n g the p r i n c i p l e o f T e s t e r and Dure (1966) , 

''̂ 260 ~ '^290 ~ = n i g . / m l . r ibosomes. 

v i i . Sucrose d e n s i t y g r a d i e n t c e n t r i f u g a t i o n . 

T h i s has been the most f a v o u r e d r ibosome f r a c t i o n a t i o n t e chn ique 

(Pe te rman , 19^4) and e x c e l l e n t r e s o l u t i o n can be o b t a i n e d ( N o l l , 19^9; 

Beachy e t a l . , 1978; Evans e t a l . , 1979). 

The method o f B r i t t e n and Eober t s (196O) was used i n i t i a l l y i n 

a m o d i f i e d f o r m , i n v o l v i n g t h e use o f 20 m l . g r a d i e n t s f r o m 15 - 545̂  

( W / Y ) sucrose . 1 m l . a l i q u o t s o f g r a d i e n t b u f f e r i n c r e a s i n g by 1. 2^ 

sucrose c o n t e n t were l a y e r e d over each o t h e r i n 25 m l . c e n t r i f u g e 

t ubes . E q u i l i b r a t i o n o f the g r a d i e n t s was a l l o w e d to take p l a c e ( t o 

smooth t h e s tep g r a d i e n t i n t o a l i n e a r one by d i f f u s i o n ) o v e r n i g h t 

a t 2°C. 
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The g r a d i e n t b u f f e r c o n t a i n e d i -

20 mM. T r i s - H C l pH 8 .0 

10 mM. magnesium c h l o r i d e 

20 mH. po ta s s ium c h l o r i d e 

100 p.g. r ibosomes i n a p p r o x i m a t e l y 200 ; a l . e x t r a c t i o n b u f f e r 

were l a y e r e d on to t h e g r a d i e n t s which were c e n t r i f u g e d f o r 1 h . 30 m i n . 

a t 8 5 » 0 0 0 g . i n a 3x25 m l . awing o u t r o t o r on a MSE "Superspeed" 65 

u l t r a c e n t r i f u g e a t 4°C. The g r a d i e n t s were f r a c t i o n a t e d by pumping 

sucrose (5OO g . / l . ) i n t o the bo t tom o f the c e n t r i f u g a t i o n tube and 

m o n i t o r i n g t h e a b s o r p t i o n a t 265 nm. o f the d i s p l a c e d g r a d i e n t 

t h r o u g h a f l o w - t h r o u g h a t t achment i n t h e Joyce L o e b l p o l y f r a c 

( F i g u r e 2 .8 a ) . 

P o l y r i b o s o m e s e p a r a t i o n s o b t a i n e d i n t h i s way were improved 

upon by m o d i f i c a t i o n o f t h e method adopted by Eeacly e t a l . (1978) . 

C l a r i f i e d p o l y r i b o s o m e suspens ions were a p p l i e d to 12.5 - 50?» (W/V) 

suc rose l i n e a r g r a d i e n t s made u s i n g a B u c h l e r a u t o - d e n s i f l o w apparatus 

( B u c h l e r I n s t r u m e n t s , N u c l e a r Ch icago , P o r t Lee , N . J . , U . S . A . ) and a 

two-chambered G r a d i e n t maker w i t h cons t an t s t i r r i n g . Grad ien t s were 

c e n t r i f u g e d a t 75>000 g. f o r 1 h . 45 m i n . a t 4°C. i n a 3x25 m l . 

s w i n g o u t r o t o r on a MSE "Superspeed" 50 TC c e n t r i f u g e . F r a c t i o n a t i o n 

was a c h i e v e d by r e v e r s a l o f the a u t o - d e n s i f l o w appara tus and passage 

o f t h e g r a d i e n t t h r o u g h a LKB 4701 A U v i c o r d u l t r a v i o l e t 

a b s o r p t i o m e t e r by means o f a LKB Perpex p e r i s t a l t i c pump. The 

t r a n s m i t t a n c e a t 254 nm. was r e c o r d e d on a servo s c r i b e c h a r t r e c o r d e r 

m o v i n g a t 200 mm./k. To check g r a d i e n t l i n e a r i t y , f r a c t i o n s (O. 5 m l . ) 

were c o l l e c t e d a f t e r f l o w i n g t h r o u g h the U v i c o r d and the sucrose 

d e n s i t i e s were measured w i t h r e f r a c t o m e t e r s ( F i g u r e 2.8 b ) . 

H a r r o w i n g t h e pe rcen tage range o f g r a d i e n t s d i d n o t p r o v i d e an 

a p p r e c i a b l y improved s e p a r a t i o n ( F i g u r e 2.9), n e i t h e r d i d p r o l o n g i n g 

c e n t r i f u g a t i o n ( F i g u r e 2 . i O ) . 

S ince t h e U v i c o r d r e c o r d e r r e c o r d s t r a n s m i t t a n c e the 

e x t i n c t i o n cu rve ( w h i c h i s r e l a t e d to sample c o n c e n t r a t i o n ) was 

c o n s t r u c t e d by the r e l a t i o n s h i p E = l o g ^ , so t h a t q u a n t i t a t i v e 

compar i sons o f d i f f e r e n t r ibosome s i z e c l a s se s c o u l d be assessed. 

T h i s was ach ieved by w e i g h i n g d e l i n e a t e d areas under p a r t i c u l a r 

peaks . 



FIGUEE 2 .8 

a. S p e c t r o p h o t o m e t r i c p r o f i l e o b t a i n e d 

f r o m r ibosomes e x t r a c t e d f r o m l e a v e s o f 

F. p r a t e n s i s s e p a r a t e d on a s t e p suc rose 

d e n s i t y g r a d i e n t . 

b . S p e c t r o p h o t o m e t r i c p r o f i l e o b t a i n e d 

f r o m r ibosomes e x t r a c t e d f r o m l e a v e s o f 

F . p r a t e n s i s s e p a r a t e d on a l i n e a r sucrose 

d e n s i t y g r a d i e n t , t o g e t h e r w i t h the io 

sucrose c o n c e n t r a t i o n s as r e c o r d e d by 

r e f r a c t o m e t e r . 

1 s u b u n i t 

2 monoribosome 

3 d imer 

4 t r i m e r 

5 t e t r a m e r 

6 pentamer. 



FIGURE 2.8a 

sedimentation 

sedimentation 



FIGTJEE 2.9 

S p e c t r o p h o t o m e t r i c p r o f i l e o f 

p o l y r i b o s o m e s e x t r a c t e d f r o m l e a v e s o f 

F. p r a t e n s i s on a 20 - 455̂  sucrose 

d e n s i t y g r a d i e n t . 

FIGURE 2.10 

S p e c t r o p h o t o m e t r i c p r o f i l e o f 

p o l y r i b o s o m e s e x t r a c t e d f r o m l e a v e s o f 

F. p r a t e n s i s s e p a r a t e d on 12.5 - 50f̂  

sucrose d e n s i t y g r a d i e n t f o r 2 h . 15 m i n . 



FIGURE 2.9 

sedimentat ion 

FIGURE 2.10 

sedimentat ion 
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v i i i . PAGE. 

C r i t i c i s m has been l e v e l l e d a t t h e use o f sucrose d e n s i t y 

g r a d i e n t method . o f f r a c t i o n a t i o n because o f p r o f i l e d i s t o r t i o n by 

h y d r o s t a t i c p ressures ( i n f a n t e and B a i e r l e i n , 1971), r e p r o d u c i b i l i t y 

o f g r a d i e n t s , the need f o r sample c l a r i t y and the l a r g e voliune o f 

sample r e q u i r e d f o r l o a d i n g . A l l these problems are overcome by the 

use o f PAGE. The use o f PAGE i n s e p a r a t i o n o f r ibosome f r a c t i o n s was 

f i r s t d e s c r i b e d by E j e r t e n s e t a l . (1965) and i n the s e p a r a t i o n o f 

p o l y r i b o s o m e s by B a h l b e r g e t a l . (1969; 1975)« Desp i t e the elegance 

o f t he t e c h n i q u e t h e r e have been few r e p o r t s o f i t s s u c c e s s f u l 

u t i l i z a t i o n f o r h i g h e r p l a n t r ibosomes (Thomas, 1973? L e d o i g t e t a l . , 

1975; St rangeway, 1977). 

The method used was a m o d i f i c a t i o n o f t h a t d e s c r i b e d by 

Thomas ( l 9 7 5 ) f o r t h e e l e c t r o p h o r e s i s o f pea seed r ibosomes. 

2. 2fa p o l y a c r y l a m i d e g e l s were made u s i n g the f o l l o w i n g 

p r o p o r t i o n s o f r e a g e n t s : -

s t o c k monomer 

(150 g . / l . a c r y l a m i d e : 7«5 g«A' b i s - a c r y l a m i d e 5*66 m l . 

b u f f e r 8.52 m l . 

wa t e r 12.78 m l . 

TEMED 0.02 m l . 

ammoniiim p e r s u l p h a t e (1OO g . / l . ) 0.20 m l . 

The b u f f e r used i n t h i s i n s t a n c e w a s j -

60 mM. T r i s - a c e t a t e pH 8.0 

45 inK' po tass ium ace t a t e 

22.5 magnesium a c e t a t e 

T h i s b i i f f e r was d i l u t e d 2 : 1 w i t h d i s t i l l e d wa te r f o r use as 

e l e c t r o p h o r e s i s r u n n i n g b u f f e r . E l e c t r o p h o r e s i s was c a r r i e d o u t a t 2°C. 

w i t h c o n t i n u a l c i r c u l a t i o n o f the r u n n i n g b u f f e r between the upper and 

l o w e r tanlcs u s i n g a p e r i s t a l t i c pump w i t h a f l o w r a t e o f 5.0 m l , pe r 
2+ 

m i n . T h i s was necessary to c o u n t e r a c t the c o n c e n t r a t i o n o f Mg i o n s 
2+ 

a t t h e cathode and the concomi t an t d e p l e t i o n o f Mg i n the g e l s . 

Gels were p r e - r u n f o r a t l e a s t JO m i n . a t 15 V. per g e l (5^75 mA) 

u s i n g a Vokam power pack se t on c o n s t a n t v o l t a g e mode. 5 - ^5 P-S-

p o l y r i b o s o m e s i n 10 - 100 | i l . e x t r a c t i o n b u f f e r were l oaded on to 

g e l s (no sucrose was added as the amount a d h e r i n g to the 105>000 g. 

p e l l e t a f t e r c e n t r i f u g a t i o n t h r o u ^ ^ sucrose was s u f f i c i e n t to 

" w e i g h t " t h e sample on a p p l i c a t i o n t o t h e g e l s u r f a c e ) . 
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E l e c t r o p h o r e s i s was c a r r i e d o u t f o r between 1 h . 45 m i n , and 

2 h . 15 m i n . Gels were removed and washed i n 7^ (V^) e t h a n o l f o r 

a t l e a s t 1 h . t o remove XI.V. a b s o r b i n g d e b r i s t h a t p r e v a i l e d i n 

t h e f i r s t 4 <™. o f the g e l . Po ly r ibosome bands were v i s u a l i z e d by 

s c a n n i n g a t 265 nm. i n a Joyce L o e b l p o l y f r a c . 

i x . Some q u a n t i t a t i v e and q u a l i t a t i v e v a r i a t i o n s i n 

p o l y r i b o s o m e y i e l d . 

The c o n d i t i o n s f o r po ly r ibosome e x t r a c t i o n show an apparent 

dependence on the spec ies used as s t a r t i n g m a t e r i a l . T h i s may 

p a r t l y be due to d i f f e r e n c e s i n endogenous M A s e c o n t e n t , 

d i f f e r e n c e s i n c e l l w a l l r i g i d i t y , presence o f f i b r e s and 

c o m p a r t m e n t a t i o n . Thus, f o r each spec i e s , o p t i m a l po ly r ibosome 

i s o l a t i o n c o n d i t i o n s must be a s c e r t a i n e d . 

a. Homogeniza t ion . 

L i q u i d v s . " P o l y t r o n " v s . e l e c t r i c chopper. 

Green t i s s u e i s h i g h l y f i b r o u s (Chapter 1.) and so poses 

p a r t i c u l a r p rob lems i n choice o f s u i t a b l e homogen iza t i on p rocedure . 

L i q u i d was the obv ious cho ice s ince i t i s r a p i d , subsequent 

g r i n d i n g i s i ndependen t o f f i b r e c o n t e n t o f the t i s s u e and i t i s 

a p p l i c a b l e to s m a l l q u a n t i t i e s o f s t a r t i n g m a t e r i a l . 

• However, i n r e c e n t r e p o r t s the " P o l y t r o n " ( W i l l e m s ) has been 

used w i t h success ( G i l e s e t a l . , 1977; Evans e t a l . , 1979). 
I t s g r e a t advantage l i e s i n the speed w i t h wh ich e x t r a c t i o n s can 

be c a r r i e d o u t (5 - 50 s . ) . A l t h o u g h e x c e p t i o n a l po ly r ibosome 

i s o l a t i o n s were p e r f o r m e d on pea embryonic axes and c o t y l e d o n 

t i s s u e , t h e f i b r o u s n a t u r e o f F. p r a t e n s i s was n o t s u i t e d to the 

" P o l y t r o n . " A t b e s t t h e y i e l d was i n the r e g i o n 35 - 40 ^ g . per g. 

f r e s h w e i g h t . I n a d d i t i o n l a r g e q u a n t i t i e s o f t i s s u e (5 g. ) were 

r e q u i r e d w h i c h l i m i t e d i t s u s e f u l n e s s i n t h i s i n s t a n c e . F i n a l l y , 

h o m o g e n i z a t i o n was a t t emp ted u s i n g an e l e c t r i c c a r v i n g k n i f e 

adapted t o chop t h e t i s s u e by r a z o r b lades a t h i g h speed and i n a 

c o n f i n e d a rea . T h i s c u t t i n g method was n o t hampered by the f i b r e 

c o n t e n t o f F. p r a t e n s i s b u t the l e n g t h o f t i m e r e q u i r e d f o r 

comple te h o m o g e n i z a t i o n was d e t r i m e n t a l t o the f i n a l y i e l d 

( F i g u r e 2.11). 



FIGURE 2.11 A. 

Comparison o f sucrose d e n s i t y g r a d i e n t 

a n a l y s i s o f p o l y r i b o s o m e s e x t r a c t e d by 

( a ) e l e c t r i c chopper and ( b ) l i q u i d 

f r o m F. p r a t e n s i s l e a v e s . A l t h o u g h t h e r e 

i s v i r t u a l l y no q u a l i t a t i v e d i f f e r e n c e 

i n the b e h a v i o u r o f t h e e x t r a c t s on 

sucrose d e n s i t y g r a d i e n t s , q u a n t i t a t i v e l y 

t h e l i q u i d method r e s u l t e d i n a y^Jo 

i n c r e a s e i n y i e l d o v e r the e l e c t r i c 

chopper method, ( a ) 80 ^ g . p o l y r i b o s o m e s 

l o a d e d ; ( b ) 60 ;u.g. p o l y r i b o s o m e s . 

FIGURE 2.11 B . 

Comparison o f PAGE o f p o l y r i b o s o m e s 

e x t r a c t e d by ( a ) ' P o l y t r o n ' 56 p . g . / g . f w t . 

18.2 ; i g . l o a d e d ; ( b ) l i q u i d 108 > i g . / g . f w t . 

10 ; ig . f r o m F. p r a t e n s i s l e a v e s and P. s a t i v u m 

(10 ; i g . ) . ( Y i e l d 520 ; L i g . / g . f w t . ) - i n c r e a s e 

i n y i e l d o f 300^. 
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L i q u i d was t h e most e f f e c t i v e homogen iza t ion a i d f o r 

F . p r a t e n s i s and was f i n a l l y adopted f o r use t h r o u g h o u t t h i s 

work u n l e s s o t h e r w i s e i n d i c a t e d . 

b . E f f e c t o f i o n i c s t r e n g t h . 

B o l t o n (1966) n o t e d t h a t po ly r ibosome e x t r a c t i o n f r o m E. c o l i 
2+ 2+ 

r e q u i r e d o b s e r v a t i o n o f Mg o p t i m a . Beyond the range o f Mg 

o p t i m a l c o n c e n t r a t i o n , po ly r ibosome a g g r e g a t i o n o c c u r r e d and below 

t h i s r a n g e , d i s s o c i a t i o n o f r ibosomes i n t o s u b - u n i t s and the r e l e a s e 

o f l a t e n t RNAses. Gray and Cashmore (l976) and Beachy e t a l . (l978) 

e s t a b l i s h e d t h e i m p o r t a n c e o f i o n i c c o m p o s i t i o n and Jackson and 

L a r k i n s (,1976), Breen e t a l . (1972) and Davies e t a l . (1972) the 

i m p o r t a n c e o f h i g h i o n i c s t r e n g t h and pH o f t h e b u f f e r s used i n 

p o l y r i b o s o m e i s o l a t i o n . H i g h l e v e l s o f K"*" ( > 6OO mM. ) were shown to 

l e a d t o d i s s o c i a t i o n o f po ly r ibosomes i n t o s u b - u n i t s as a r e s u l t o f 
2+ 

r e p l a c e m e n t o f Mg by the monovalent i o n (Breen e t a l . , 1972). 

W i l s o n (1968) showed t h a t a t c o n c e n t r a t i o n s above 5OO mM. 

RlTAses were s o l u b i l i z e d f r o m microsomal suspensions o f c o m t i s s u e 

w h i c h may acco i in t f o r po ly r ibosome d i s s o c i a t i o n . 

F u r t h e r t o the advantages o f u s i n g h i g h pH b u f f e r s (see 

i n t r o d u c t i o n ) W i l s o n (1968) a l so f o u n d t h a t RKAse a c t i v i t y d e c l i n e d 

a t pH above 7.2. 

F i g u r e 2.12shows the r e s u l t s o f e x t r a c t i o n s o f po ly r ibosomes 

f r o m F. p r a t e n s i s l e a v e s a t d i f f e r e n t pH and d i f f e r e n t : Mg^ 

r a t i o s . 

These r e s u l t s i n d i c a t e t h a t h i g h pH and a h i g h t Mg" r a t i o 

were r e q u i r e d f o r good y i e l d s and l a r g e r range o f po lymers . The 

b u f f e r system o f Beachy e t a l . (l978) was f i n a l l y adopted . 

c.' E f f e c t o f PVP. 

S ince Fes tuca p r a t e n s i s was known to c o n t a i n h i g h q u a n t i t i e s 

o f p h e n o l i c s , p a r t i c u l a r l y i n a s s o c i a t i o n w i t h a g e i n g , s teps were 

t a k e n to reduce t h e i r i n t e r f e r e n c e i n po ly r ibosome i s o l a t i o n . 

Tannins f r e q u e n t l y complex w i t h p r o t e i n s and' so may i n d i r e c t l y 

complex w i t h p o l y r i b o s o m e s . PVP has been shown to d i s s o c i a t e such 

complexes even to the e x t e n t o f r e v e r s i n g i m ] ^ i b i t i o n o f enzyme 



FIGURE 2 . 1 2 

PAGE p r o f i l e s o f p o l y r i b o s o m e s f r o m 

l e a v e s o f F. p r a t e n s i s e x t r a c t e d under 

v a r i a b l e c o n d i t i o n s . 

a. pH 8 . 0 w i t h o r i g i n a l e x t r a c t i o n 
2+ + 

medium (Mg : K , 1 :1 .5 ) . 

15 P - S ' p o l y r i b o s o m e s e l e c t r o p h o r e s e d . 

b . pH 8.5 w i t h o r i g i n a l e x t r a c t i o n 

medium (?.Ig : K , 1 :1 .5 ) . 
18 jig. p o l y r i b o s o m e s e l e c t r o p h o r e s e d . 

c. p H 8 . 5 ; 200 mM. T r i s (Mg^"^:K^, 1 :1 .5) . 

d . pH 8.5; 200 mM. T r i s , J>0 mM. Mg^"^ 

(Mg^'^:K'^, 1 :0 .5) 

e. pH 8.5; 200 mM. T r i s , 50 mM. Mg^"^ 

(Mg^'^:K*", 1 : 8 ) 



FIGURE 2.12 
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a c t i v i t y ( G o l d s t e i n and Swain, I965). I n s o l u b l e PVP was added to the 

homogenate p r i o r t o t h e f i r s t c e n t r i f u g a t i o n ( i n s o l u b l e PVP i s TO^ 

as e f f e c t i v e as s o l u b l e PVP b u t has the advantage o f b e i n g separab le 

by c e n t r i f u g a t i o n . ) . F i g u r e 2.13 shows t h e improvement on po ly r ibosome 

y i e l d and p a t t e r n when P7P was i n c l u d e d i n the e x t r a c t i o n . 

d . E f f e c t o f i n c o r p o r a t i n g a " L y p h o g e l " s tep 

i n the e x t r a c t i o n . 

The greened tops and ujiemerged base o f l e a v e s o f F . p r a t e n s i s 

were e x t r a c t e d s e p a r a t e l y i n the normal way. However, f o l l o w i n g t h e 

10,000 g . c e n t r i f u g a t i o n the s u p e m a t a n t s were mixed w i t h 15^ (w/v) 
" L y p h o g e l " beads and k e p t a t -4°C . f o r 20 m i n . , f o l l o w e d by 

c e n t r i f u g a t i o n a t 1,000 g. f o r 5 m i n . The s up e r n a t an t was l a y e r e d 

on 4 n i l . sucrose cush ion and the normal p rocedu re was c a r r i e d o u t . 

A t l e a s t a 30^ decrease i n y i e l d o c c u r r e d i n b o t h e x t r a c t i o n s 

p r o b a b l y as a r e s u l t o f l o s s e s r e l a t e d t o t h e f u r t h e r m a n i p u l a t i o n 

s t e p s . (The po ly r ibosomes e x t r a c t e d were f u l l y f i i n c t i o n a l i n 

d i r e c t i n g p r o t e i n s y n t h e s i s i n a wheatgerm d e r i v e d c e l l - f r e e system. 

The -vcrylamide o f t h e "Lyphoge l " d i d n o t a p p a r e n t l y p o i s o n the 

sys tem. T h i s adds w e i g h t t o t h e ' f e a s i b i l i t y o f t a k i n g p a r t i c u l a r 

p o l y m e r i c f r a c t i o n s f r o m PAGE separa ted po ly r i bosomes f o r a n a l y s i s 

o f p r o t e i n s y n t h e t i c c a p a c i t y . ) 

e. E f f e c t o f c e n t r i f u g a t i o n t i m e . 

L e a v e r and Dyer (1974) c r i t i c i s e d the i n t e r p r e t a t i o n o f 

p o l y r i b o s o m e s i z e c l a s s r a t i o s o b t a i n e d by p r e v i o u s workers w i t h o u t 

c o n s i d e r a t i o n o f the p r e f e r e n t i a l s e d i m e n t a t i o n o f these d i f f e r e n t 

c l a s s e s by d i f f e r e n t c e n t r i f u g a t i o n t i m e s . I n o r d e r to e s t a b l i s h 

t h e c e n t r i f u g a t i o n c o n d i t i o n s t h a t would p r o v i d e an accu ra t e 

i n d i c a t i o n o f s i z e c l a s s r a t i o s a number o f c e n t r i f u g a t i o n t imes 

were a n a l y s e d . F i g u r e 214 i n d i c a t e s t h a t by 3 h . 30 m i n . t h e r e i s 

l i t t l e enhancement o f the monoribosome peak by f u r t h e r 

c e n t r i f u g a t i o n . For i n v i t r o s t u d i e s (Chap te r 6) where 

monoribosomes are n o t f u n c t i o n a l , 3 h . c e n t r i f u g a t i o n s were 

c o n s i d e r e d adequate . However, a r i s i n g f r o m t h e q u e s t i o n o f 



FIGURE 2.15 

Sucrose d e n s i t y g r a d i e n t p r o f i l e s o f 

p o l y r i b o s o m e s e x t r a c t e d i n b u f f e r 2 

i n t h e p resence and absence o f PVP. 

150 > i l . p o l y r i b o s o m e s c e n t r i f u g e d i n 

each case ( c o n t a i n i n g a. 110 jig. , b . 120 ; i g . ) 

The p o l y r i b o s o m e s were e x t r a c t e d f r o m 

y o u n g , emerg ing l e a v e s o f F. p r a t e n s i s . 
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-4-
LO 
CN 

< 

sedimentat ion- sedimentati on 



FIGURE 2 .14 

PAGE p r o f i l e s o f p o l y r i b o s o m e s e x t r a c t e d 

f r o m F. p r a t e n s i s f o l l o w i n g 105,000 g . 

c e n t r i f u g a t i o n s f o r d i f f e r e n t l e n g t h s 

o f t i m e . ^0 jxl. l o a d i n g s i n each case. 
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c e h t r i f u g a t i o n t i m e i s the s p e c u l a t i o n o f how a c c u r a t e l y e x t r a c t e d 

riboBomes c h a r a c t e r i z e the s t a t u s o f r ibosomes i n s i t u , P h i l l i p s 

e t a l . (1969) r e g a r d e d a p r o p o r t i o n o f monoribosomes o f 20-25^ as 

b e i n g r a t h e r h i ^ to r e f l e c t the a c t u a l c e l l complement, b u t this 
assumed t h a t monoribosomes a r i s i n g f r o m p r o t e i n s y n t h e s i s c o m p l e t i o n 

a re spon taneous ly b roken down. However, Kabat and R i c h (1969) 

observed monoribosomes i n c e l l s n o t a c t i v e l y engaged i n p r o t e i n 

s y n t h e s i s and were a b l e to d i s t i n g u i s h a c t i v e monoribosome f r o m 

i n a c t i v e o r p r o c e d u r a l l y a l t e r e d ones ( a l s o , B l o b e l , 1971). 

Comparison w i t h e l e c t r o n m i c r o g r a p h s has c o n f i r m e d t h a t e x t r a c t e d 

p o l y r i b o s o m e s do appear to r e f l e c t the i n s i t u s i t u a t i o n , assuming 

t h a t t h e m a n i p u l a t i o n s r e q u i r e d f o r e l e c t ronmic ro scopy do n o t d i s t u r b 

the c e l l u l a r c o m p o s i t i o n . 

f . The e f f e c t o f RNAse and EDTA. 

I n o r d e r to e s t a b l i s h the v s i l i d i t y o f po ly r ibosome p r e p a r a t i o n s 

and t o r u l e o u t the p o s s i b i l i t y o f r i b o s o m a l a g g r e g a t i o n , EDTA o r 

RNAse were added to t h e resuspended po ly r ibosome p e l l e t s (Nemer 

e t a l . , 1974; Beachy e t a l . , 1978). Figiire2.15shows the e f f e c t s o f 

i n c u b a t i o n w i t h b o t h these d e n a t u r a n t s as e s t a b l i s h e d by b o t h sucrose 

d e n s i t y g r a d i e n t a n a l y s i s and PAGE. 5 ^ g ' bov ine p a n c r a e t i c ENAse 

were added to 100 resuspended po ly r ibosomes and i n c u b a t e d a t 57°C. 

f o r 50 m i n . T h i s r e s u l t e d i n the l o s s o f po ly r ibosomes and concomi tan t 

enhancement o f monoribosome and s u b - i m i t peaks. EDTA was added to a 

f i n a l c o n c e n t r a t i o n o f 20 mM. and i n c u b a t e d a t 0°C. f o r 50 m i n . 

wh ich r e s u l t e d i n d e g r a d a t i o n o f l a r g e r po ly r ibosomes l i m i t i n g 

maximum s i z e t o t h a t o f t e t r a m e r s w i t h a concomi tan t enhancement o f 

monoribosome and s u b - u n i t peaks . 

g . A d d i t i o n o f " K o n i d e t . " 

Many r e p o r t s i n d i c a t e t h a t i n c l u s i o n o f d e t e r g e n t i n the 

e x t r a c t i o n medivim f o r p o l y r i b o s o m e i s o l a t i o n leads , to an i n c r e a s e d 

y i e l d ( L o n s d a l e and B o u l t e r , 1975; L a r k i n s and Dav ie s , 1973). T h i s i s 

a t t r i b u t e d to t h e r e l e a s e o f "membrane-bound" po ly r ibosomes ( E i l a m 

e t a l . , 1971; BeachT e t a l . , 1978). Some workers have a t t r i b u t e d 



FIGURE 

Sucrose density gradient and PAGE profiles 
of polyribosomes from leaves of F. pratensis 
a. incubated in RMAse prior to separation ( ) 
b. incubated in EDTA prior to separation ( ) 

normal separation. 
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FIGURE 2.16 
Sucrose density gradient and PAGE profiles 
of polyribosomes from F. pratensis in the 
absence (a) or presence (b) of 0.4/« (V/V) 
•Nonidet' P40. 
In b, Line 1 ( ) represents the 
total polyribosomes extracted in the 
presence of 0.4/^ ( V ^ ) 'Nonidet' P4O; 
Line 2 ( ) represents re-extraction 
of the 10,000 g. pellet from a with 
0.4^ (V/v) 'Nonidet' P40. 
140 ; i l . were loaded onto sucrose density 
gradients. 
25 pi' were loaded onto PAGE gels. 
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functional significance to these two classes (Setterfield, I96 I ; . 
Wright, 19^5; Tayne aJi i i'C>vjlter , 1969)« -ELectronmicroscopic studies 
of plant and animal tissue have suggested that •'free" and "membrane-
bound" ribosomes might synthesize different'proteins" (for example, 
Opik (1968) suggested preferential synthesis of storage proteins by 
"membrane-bound" ribosomes in seeds of Phaseolus vulgaris. ) . There 
are a number of reports of specific polypeptides formed on particular 
polyribosomes. Synthesis of zein i s confined to polyribosomes 
associated with protein bodies in com (Burr and Burr, I976; Larkins 
et a l . , 1976); synthesis of the large sub-tmit of Fraction I (and not 
structural proteins) of the chloroplast i s generally attributed to free And not 
thylakoid-bound polyribosomes ( E l l i s ,1575 ; 1*376.) . 
This polyribosomal preference appears to be, to some extent, 
species-specific. For example, there i s no difference in the 
polypeptides synthesized in vitro by either "free" or "membrane-bound" 
polyribosomes from soybeans (Beachy êt a l . , 1978) and althou^ over 
50^ of tobacco chloroplast ribosomes were found to be associated with 
the thylaJcoid they were not responsible for the large sub-unit of 
Fraction I nor structural protein synthesis (Chen and Wildman, 1970). 
"Free" ribosomes have frequently been shown to be more active in 
in vitro protein-synthesizing systems than "membrane-bound" 
polyribosomes(for ejca.Tnple, Rolleston , 1*574 } . 

This has led to the suggestion that "membrane-bound" polyribosomes are 
a store of relatively inactive message. The significance of these two 
populations i s not fully known but their existence and their relation
ship during development cannot be ignored as their differential 
functions may provide a means of control during development. 

Gordon et a l . (l975) found DOC and Triton X-100 equally effective 
in providing substantially increased yields of polyribosomes. The use 
of Nonidet has most recently been preferred since i t i s a relatively 
mild detergent and of much greater purity than Triton X-100. 

A 50 - 405̂  increase in yield following Nonidet inclusion in the 
extraction procedure was usually achieved from leaves of Festuca 
pratensis. The polyribosomal profiles indicated a slight preferential 
increase in polyribosomes relative to monoribosomes (Figure 2; I 6 ) . 
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Badio-isotope labelling of polyribosomes. 
This was carried out as described in Section _iv. Particular 

care was taken in handling 2.2^ PAGE gels for slicing to prevent 
their fragmentation and distortion on freezing. 
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x i i . ExtractloB of mBNA. 
I t has already been stated (General Introduction) that mENA 

extraction has proved the most di f f icult to achieve. However, many 
mRNAs contain sequences of poly(A) which can be exploited in order 
to purify the mRNA (Aviv and Leder, 1972; Matthews, 1975; Higgins 
et a l . , 1975; Sagher et a l . . 1974; Brawerman, 1974; Yerma et a l . . 
1974). Histone mKNA (Adesnî x et a l . , 1972), spinach chloroplast 
mMA (Hartley, 1976) and yeast mitochondria mRNA (Groot et a l . , 

1974) lack these sequences. Other chloroplasts have been shown to 
contain a small proportion of poly(A)-containing mMA; for example 
maize chloroplasts contain 6̂ ^ (Haff and Bogorad, 1976). Evidence 
also suggests that there are a number of cytoplasmic mRNAs which 
lack poly(A) (Efemer et a l . . 1974; Milcarek et a l . . 1974; Fraser, 1975; 
Grierson and Covey, 1975; Covey and Grierson, 1976; Gray and Cashmore, 
1976). Poly(A)-containing mRNA can be extracted by a number of methods 
based on i t s aff inity binding to a purine base bound to a supporting 
matrix, for example oligo-dT cellulose (Aviv and Leder, 1972; Fraser, 

1975) > poly(Tj)-sepharose (Haff and Bogorad, 1976), millipore f i l t e r s 

(Sagher et_al . , 1974). 
The significance of the poly(A) sequence i s s t i l l much in 

debate. 70^ of HeLa mENAs and tf^fo of sycamore mRNAs carry poly(A) 
sequences (Milcarek et a l . , 1974; Covey and Grierson, 1976, respect
ively) . Matthews (1975) concluded from studies of the rate of 
labelling of the poly(A) region compared with the remaining portion 
of the molecule that poly(A) was added post-transcriptionally. 
Grierson (1975) and Haff and Bogorad (l976) provided evidence for this 
in Phaseolus aureus and maize respectively by the inability to detect 
poly d(T) sequences in the DNA. Milcarek et ail ; (l974) suggest 
that a large proportion of the poly(A) material in HeLa cells i s 
associated with the membrane even after removal of the associated 
polyribosomes. Could the poly(A) sequences provide some sort of 
directive, indicating the site of particular messages and their 
translational apparatus? The observation of a considerable degree of 
variation in poly(A) length (for example, Sagher et a l . , 1974) and 
reports suggesting that poly(A)-plu6 and poly(A)-minus mRNAs are 
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not necessarily fvmctionally different (Lodish et a l . , 1974; Gray 
and Cashmore, 1976) have lent support to the suggestion that ordered 
shortening of these sequences may provide some sort of timing control 
mechanism (Sheiness and Darnell, 1973)* On this basis, estimates of 
poly(A)-containing mBNA, whilst providing evidence of newly 
polyadenylated (not necessarily newly synthesized) message need not 

la 
reflect the transitional capacity of the cell since mMAs containing 
only short poly(A) sequences (and therefore excluded from aff inity 
chromatography) or without poly(A) may nevertheless be functional. 
In fact, polyadenylation has been shown not to be a prerequisite for 
polyribosome formation in early germination (Spiegel and Jtlarcus, 1975). 

Whatever the function of the poly(A) sequence and the s ignif i 

cance of poly(A)-containing mENA, i t was considered of interest to 

compare the poly(A) content of F. pratensis at different times during 

development. 

a. Method used. 
DEP complexes with adenine residues (Leonard et a l . , 1970) 

thus prohibiting i t s use in the isolation of poly(A)-containing mRNA. 
The total RNA extraction was performed using the phenol method 
outlined in Section 2 i i . a. This, too, has been criticised on the 
basis of differential aff inity of the two ends of the mRNA between the 
phenolic and aqueous phases thus removing the polyl.A; sequences. 
Special attention was, therefore, paid to retaining the interface 
region with the aqueous phase. The ethanol precipitated 2,500 g- pellet 
did not require washing since contaminating phenol was removed in the 
following procedure modified from that of Fraser and Carter (1976). 
The pellet was resuspended in 1 ml. "binding buffer" which consisted of:-

10 mM, Tris-HCl pH 7.8 
400 mM. sodium chloride 

1 mM. EDTA (disodium salt) 
SDS (2 g./l ,000 ml. ) 

This was shaken with 20 mg. oligo-dT cellulose for 50 - 60 min. 
at room temperature, followed by centrifugation at 2,500 g. for 1 min. 
The pellet was washed four times with 0.5 ml. "binding buffer" and 
the washes were pooled. I n i t i a l l y , this was then followed by four 
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successive washes with 0.5 ml. "elution buffer" which consisted of i -
10 mM. Tris-HCl pH 7,8 

1 mM. EDTA 
SDS (2 g./l ,000 ml. ) 

These washes were pooled and combined with 50 p.g. yeast 
"carrier" s-KNA. Precipitation of the "carrier" RNA and poly(A)-
containing RNA was achieved by addition of three times the volume of 
ethanol and storing at -20°C. ovemi^t. 

Additionally, an intermediate elution step was introduced 
between the "binding buffer" and "elution buffer" washes. This 
"intermediate buffer" contained 200 mM. sodium chloride. 

x i i i PAGE. 

Pellets obtained after centrifugation of the ethanol precipitate 
were resuspended in "elution buffer" containing lO/» (w/v) sucrose and 
were applied to 2.^^/0 (W/Y) polyacrylamide gels which were 
electrophoresed according to the method described in section I I i i i . a. 
PAGE was only used to demonstrate the distribution of radioactive 
label entering poly(A)-containing RNA since the carrier RNA would 
interfere with any spectrophotometric measurements and the levels of 
mRNA would probably be below the limits of conventional spectrophoto
metric scanning Capabi l i t i e s . Gels were sliced for radioactive 
counting as described in Section IV. Figure2; 17shows a typical 
distribution of label associated with mRNA and comparison with the 
yeast "carrier" RNA spectrophotometric scan shows that the criticism 
of association even under PAGE i s not valid. 

xiv. Radio-labelling of mRNA. 
Except when poly(A) was to be used for in vitro studies, labelling 

was carried out as a matter of course. This was because the low levels 
of poly (A)-containing RITA were below the limits of normal spectro
photometric estimation. Labelling was carried out by floating 1 cm. 
steri l ized leaf sections lower side down in dishes containing 5 ^Ci/ml. 
H-adenine in 10 ml. steril ized water for 17 h. at 25°C. in the light. 

Small aliquots ( 5 0 ^ . ) of "binder buffer" washes, "intermediate 

buffer" washes and "elution buffer" washes were counted as described in 

Section lY. 



FIGURE 2.17 
PAGE profile of yeast ' ca.rrier' RNA 
superimposed on the ^H-adenine 
distribution of label in poly(A)-RNA 
(histogram). 
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Experimental. 

Total Nucleic Acids. 
£u Quantitative estimation of total nucleic acids. 

Figure 2.18 shows the yield of nucleic acid obtained per leaf 
at different stages following emergence of the fourth lea)£ ( ^ Day 20), 
Nucleic acid levels rose rapidly during early growth, levelling out 
and f inal ly decreasing during senescence. I f the data are expressed 
on a unit area basis (Figure 2.18 B) the decline in nucleic acid 
content appears to occur earlier. However, comparison with Figure 1.1, 
Chapter 1, would suggest that elongation rather than cell division 
occurred at (a) and would therefore account for the apparent decline 
in nucleic acid levels. Comparison of Figures 2.18 A and B would 
imply that at (b) genuine degradation of nucleic acid has occurred. 

Figure 2.19 shows the yield of nucleic acid extracted from 
proportional sections from mature leaves of F. pratensis. Three 
other experiments a l l showed similar peaks of increased yield of the 
same order but these were either shifted acropetally or the width of 
the peak varied slightly. Since these experiments were done with 
plants grown under different conditions, these slight de\d.ations can 
be regarded as arising from this (see Chapter l ) . The decline at 
point 5 in Figure 2. 19 may also be an artifact of elongation rather 
than cel l division. 

h. Incorporation of radio-isotope label 
into nucleic acid. 

The incorporation of ^E-adenine into nucleic acid, as a 
measure of nucleic acid synthesis, was followed in development of 
the fourth leaf and development along the ful ly mature leaf of 
F. pratensis. With reference to Figure 2.20, i t can be seen that 
both developmental systems displayed at least two (and probably 
three) peaks of increased specific activity. With reference to 
chlorophyll levels (Figures 1.1 B and 1.2 B) and cellular morphology 
(as visualized by light microscopy and electronmicroscopy) these 



FIGURE 2.18 
Quantitative estimation of nucleic acid 
at different stages in development of 
the fourth leaf of F. pratensis 
expressed as 
A. pg. per leaf, and 
B. |ig./unit area. 
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FIGURE 2.19 
Quantitative estimation of nucleic acid 
along a ful ly developed leaf of 
F. pratensis. 
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FIGURE 2.20 
S p e c i f i c a c t i v i t i e s of radioisotope 
l a b e l l i n g of RNA i n development leaves 
of F. pratensis. 
A. f o u r t h l e a f at d i f f e r e n t stages 

i n development. 
B. along a f u l l y mature l e a f . 
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FIGURE 2.21 
Absolute l e v e l s of uptake of radioisotope. 
A. the f o u r t h l e a f of F. pratensis 

during development 
B. along the f u l l y mature l e a f . 
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FIGURE 2.22 
Ratio of i n c o r p o r a t i o n to uptake of 
radioisotope l a b e l 
A. i n the f o u r t h l e a f i n F. pratensis 

during development 
B. along the f u l l y mature l e a f . 
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peaks can be a t t r i b u t e d to more or l e s s s i m i l a r periods i n 
development. 

The f i r s t peaks, coincident with whole l e a f emergence or 
greening of the l e a f base, were consistent with many reports of 
l i g h t enhanced KRA synthesis (Chapter 2 I , i i . ). 

The probable second peak was l e s s f a m i l i a r but may r e f l e c t the 
synthesis of RNA required f o r the coding and t r a n s l a t i o n of proteins 
associated w i t h m a t u r i t y ( f o r example, some of those involved i n 
secondary product metabolism.). 

The t h i r d peak was consistent with a number of reports , 
(Chapter 2 I , i v . ). I n t h i s instance the f i n a l peaks are large i n 
comparison to the previous two. This may be p a r t l y due to a decrease 
i n RNA content which may r e f l e c t i n vivo loss or increased RNAse 
a c t i v i t y as a r e s u l t of wounding ( P i t t , 1974j. Nevertheless, RNA 
l e v e l s at senescence were of the order apparent at early stages of 
development (Figures 2.18 and 2.19) and these values may be -underestimates 
i n view of phenolic contamination i n extracts from older m a t e r i a l , 
60 s y n t h e t i c a c t i v i t y i s j u s t i f i a b l y implicated. This challenges the 
suggestion t h a t senescence occurs independently of RNA synthesis. 
I t could be argued that membranes of older tissue become "leaky" 
(Simon, 1974) thus p r o v i d i n g increased pools of r a d i o - i s o t o p i c a l l y 
l a b e l l e d precursor f o r RNA synthesis. However, from the values f o r 
t o t a l uptake of radio-isotope (Figured..2l) and r a t i o of incorporation 
to uptake (Figure 2 2 t h i s does not provide a v a l i d i n t e r p r e t a t i o n 
of the enhanced incorporation at i n c i p i e n t senescence. 

C r i t i c i s m can be l e v e l l e d at the i n t e r p r e t a t i o n of radio-isotope 
l a b e l l i n g through s p e c i f i c a c t i v i t i e s , not l e a s t of which i s the order 
of magnitude involved i n each piece of data.Since d i f f e r e n t conditions 
necessarily prevailed f o r d i f f e r e n t experiments s p e c i f i c a c t i v i t i e s 
provide the l e a s t controversial basis f o r comparisons. 

c. Relative changes i n s p e c i f i c RNA f r a c t i o n s . 
Using 2.6/̂  (W/V) PAGE gels more d e t a i l e d information concerning 

the metabolism of p a r t i c u l a r ribosomal f r a c t i o n s was obtained.. 
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Figures 225 and2.24 show the percentage of each f r a c t i o n of rRIIA as a 
fun c t i o n of the t o t a l rRNA (and breakdown products). Point 8 along 
the l e a f was not recorded since the l e v e l s of rERA were below the 
s e n s i t i v i t y of the spectrophotometer. I n a d d i t i o n , the increased 
l e v e l s of endogenous phenolics i n older tissue (apical and Day 56) 

prevented conclusive estimation of peak areas from being made. 
I n d i f f e r e n t aged tissue the cytoplasmic rRNAs declined with 

age w i t h a consequent increase i n breakdown products. Ageing along 
the l e a f showed an o v e r a l l decline i n cytoplasmic rKNAs apart from 
two points where an increase was apparent (Points 5 and 7 ) - I t i s 
i n t e r e s t i n g to note t h a t at these points the 0.58x10^ rRNA also 
seemed to increase. Since the i n c l u s i o n of the 0.58x10^ rRNA i n the 
ribosome has been regarded as conferring f u n c t i o n a l status on the 
ribosome (Pears-on,personal coiTimunlcaitij>n)its presence would suggest that at 
Points 5 and 7 "tbe ribosomes were active or at le a s t have had the 
capacity to be so. There i s no such d i s c o n t i n u i t y i n the d i f f e r e n t l y 
aged tissue e i t h e r i n the 1.5x10^, 0.7x10^, or the 0.58x10^rRNAs. 

The 1.1x10^ rEKA declined e a r l i e r than the 1.5x10^ rREA i n the 
ontogenic sequence along the l e a f . The proportion of 0.56x10^ rRNA 
appeared to increase s l i g h t l y but t h i s was probably due to i n f l a t i o n 
by breakdown products. I n the development w i t h time there was also a 
decrease i n 1.1x10^ rENA which preceded the 1.5X10 rRNA loss. Again, 
the 0.56X10 rRNA increase might have r e f l e c t e d breakdown of other 
rRNAs, p a r t i c u l a r l y when compared the high proportion of other 
breakdown products. 

The early decline i n 1.1x10^ rRlTA could have r e f l e c t e d a s h i f t 
i n the optimal conditions required f o r the maintainance of i t s 

2+ 
i n t e g r i t y , f o r example Mg requirements. Other r e s u l t s where 
v a r i a b l e L i ^ r t concentrations were employed showed no enhancement of 
the 1.1x10 rRNA from senescent tissue. However, the p o s s i b i l i t y of 
some other non-optimal f a c t o r i n ext r a c t i o n cannot be excluded; 
f o r example RNAse l e v e l s may be raised above those successfully 
i n h i b i t e d by DEP i n the ex t r a c t i o n . A l t h o u ^ s p e c i f i c RNAses have 



FIGURE 2.23 
Y i e l d of 1.5x10^ rRNA (25 S) 
and 0.7x10^ rRNA as °jo of the t o t a l 
RNA extracted, c a l c u l a t e d from 
2.65̂  PAGE gel p r o f i l e s 
A. i n d i f f e r e n t aged leaves of 

F. pratensis 
B. i n sections along mature leaves 

of F. pratensis. 

r e f e r to the percentage 
of breakdown products 
at each phase. 
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FIGURE 2.24 
Y i e l d of 1.1x10^ (25s) and 0.56x10^ (l6S) 
rRNAs, TMA as ^ of the t o t a l RITA extracted, 
calculated from'2.6^ PAGE gel p r o f i l e s 
A. i n d i f f e r e n t aged leaves of F. pratensis 
B. i n sections along mature leaves of 

F. pratensis. 

r e f e r to the percentage 
of breakdown products 
at each phase. 
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FIGURE 2.25 
Ratio of (5S):(4S), 0.58x10^:0.25x10^ 
rRNAs as calcxilated from 7.5^ PAGE 
gel p r o f i l e s 
A. i n d i f f e r e n t aged leaves of 

F. pratensis 
B. i n sections along mature leaves 

of F. pratensis. 
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FIGTIRE 2.26 
Cpm. incorporated i n t o I.JxIO^ (25S) 
and 0.7x10^ (l8S) cytoplasmic rRNAs 
as percentages of the t o t a l cpm. 
enteri n g the 2.6/0 PAGE gel 
A. i n d i f f e r e n t aged leaves of 

F. pratensis 
B. i n sections along mature leaves 

of F. pratensis. 
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•been observed those r e s u l t i n g f rom wounding and senescence are 

genera l ly regarded as being ubiqui tous i n t h e i r e f f e c t . I t 

t h e r e f o r e seems u n l i k e l y tha t on ly eh loroplas t rRl?A would be thus 

a f f e c t e d by t h e i r release i n e x t r a c t i o n , unless the ENAse i s 

at tached to the 1.1x10^ ERA (Hsaio, 1968). Even i f the condi t ions 

r equ i red f o r e x t r a c t i o n have changed th i s .wou ld s t i l l be evidence 

o f an age-re la ted change i n ch lo rop las t rEITA. I t would seem however 

t h a t the breakdown of 1.1x10 rHNA was an i n vivo event probably 

r e s u l t i n g f rom the d i s r u p t i o n o f ch lo rop las t s t ruc tu re . 

d. Hadio-isotope l a b e l l i n g o f s p e c i f i c ERA f r a c t i o n s . 

As a r e s u l t o f discrepancies a r i s i n g from phenolic contamination 

i n spec t rophotometr ica l ly es t imat ing RNAs from o lder t issue and i n . 

o r d e r , t o create u n i f o r m i t y i n data i t was decided to compare the 

r ad io - i so tope l a b e l l i n g of d i f f e r e n t f r a c t i o n s by reference to the 

t o t a l r ad io - i so tope l a b e l en te r ing the g e l . Both ageing systems 

showed considerable RNA synthesis o f both cytoplasmic and 

c h l o r o p l a s t i c rRNAs qu i te l a t e i n development. I n both, the ear ly 

maximal synthesis of c h l o r o p l a s t i c rRlTA preceded maximal synthesis 

o f cytoplasmic rRNA. The synthesis o f 1.3x10^ and 0.7x10^ rRNA 

appeared to be c lose ly l i n k e d i n both developmental systems but the 

l i n k between 1.1x10^ rRNA and 0.56x10^ rRRA synthesis seemed more 

tenuous. This independence i s i n accord w i t h other work which has 

suggested tha t the 1.1x10^ and 0.56x10^ rRNAs are not derived from 

the same precursor (eg.Callov et a l ,1'572.), 

The increased l e v e l s of rRNAs apparent i n Figure 2.25 B were 

m i r r o r e d by increased synthesis (Figure 2.26 B'j thus f u r t h e r 

c o n f i r m i n g the rea l natui'e o f these increases. The increased 

synthesis o f rRNAs |at i n c i p i e n t senescence i n development w i t h time 

was not m i r ro r ed by any increase i n percentage of these f r a c t i o n s . 

Th i s , however, probably ind ica tes r a p i d turnover of rRNA at t h i s 

stage as also evidenced by an increase i n breakdown products over 

tha t expected f o r the observed decl ine i n rRNA. Furthermore, since 

the whole l e a f i s taken f o r e x t r a c t i o n any increase i n RNA, which 



FIGUEE 2.27 

Cpm. incorpora ted i n t o 1.1x10^ (25S) 

and 0.56x10^ (16s) c h l o r o p l a s t i c 

rENAs as percentages o f the t o t a l cpm. 

en t e r ing the 2.6$^ PAGE gel 

A. i n d i f f e r e n t aged leaves o f 

F. p ra tens i s 

B. i n sect ions along mature leaves 

o f F. p ra tens i s . 
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ma^ i n f a c t be l o c a l i s e d ^ f o r example as apparent i n poin ts 5 and? 

a long the l e a f ) , may Ise d i l u t e d by the h igh l e v e l s elsewhere. 

The f a c t t ha t the apparently increased l e v e l s o f 0.56x10^ rKRA 

a t Day 49 were not r e f l e c t e d by increased synthesis may provide 

f u r t h e r evidence tha t t h i s f r a c t i o n has been a r t i f i c i a l l y i n f l a t e d 

by breakdown products o f non- rad io i so tope- labe l l ed o lder rRNAs. 

i i . R a d i o l a b e l l i n g o f nuc leo t ides : es t imat ion o f changes 

i n the poo l . 
The r e l a t i v e amounts o f r ad io - i so tope associated w i t h various 

adenine d e r i v a t i v e s were obtained. Spectrophotometric estimations 

were f r e q u e n t l y at the l i m i t s o f instrument r e l i a b i l i t y and so, 

whi l s t - i n f o r m a t i v e to some extent ( f o r example, h igh l e v e l s of 

l a b e l l e d adenine and adenosine were present i n young and o l d t i s sue , 

w i t h a concomitant decl ine i n l a b e l l e d nuc l eo t ide s ) , were not used 

f o r s p e c i f i c a c t i v i t y c a l cu l a t i ons . Comparison of e lu table counts 

f rom the KVPE paper were considered a more r e l i a b l e i n d i c a t o r o f 

metabol ic pools . However, w h i l s t these data may provide some 

i n d i c a t i o n o f ava i l ab l e r ad io i so tope -con ta in ing pool they do not 

take i n t o accoimt any compartmentalization tha t may l i m i t the 

a c c e s s i b i l i t y o f some or a l l o f these precursors. These precursors 

may be so loca ted as to predetermine t h e i r metabolic pathway, 

poss ib ly i n such a way as to preclude entry i n t o nucle ic acids. 

P e r t i n e n t to the question of compartmentalization i s the observation 

o f N i e r l i c h (196?> 19^8) tha t there i s a p r e f e r e n t i a l i ncorpora t ion 

o f endogenous products of MA breakdown ra the r than use o f 

exogenous precursors i n bac te r i a . I f t h i s were so i n the case of 

h igher organisms then at a time when turnover was high the r e su l t an t 

i n c o r p o r a t i o n of r a d i o i s o t o p i c a l l y - l a b e l l e d precursors might be low. 

Ead io - i so top ic l a b e l l i n g , under these circumstances, would not 

p rov ide a good i n d i c a t i o n of syn the t ic a c t i v i t y . 

The l e v e l s of l a b e l l e d AMP and ATP appeared to be inverse ly 

r e l a t e d u n t i l the o ldes t t i ssue when l a b e l appeared to be p r e f e r 

e n t i a l l y incorpora ted i n t o ADP. I t i s poss ib le that where AMP was 



FIGURE 2.28 

Cpm. en t e r i ng nuc leo t ide f r a c t i o n s 

as percentage o f the to ta l , coirnts 

en t e r ing the poo l . 
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l a b e l l e d p r e f e r e n t i a l l y t h i s i nd ica t ed high metabolic a c t i v i t y , 

r ad io i so tope l a b e l passing through ATP and ADP, and tha t stages 

w i t h h igh r a d i o i s o t o p i c a l l y - l a b e l l e d ATP l e v e l s (Day 35 - 49) 

i n d i c a t e d a bu i l d .up of energetic capaci ty, only possible when 

the l e a f stopped growing and p r i o r to senescence i n v o l v i n g h i ^ 

metabol ic a c t i v i t y once again. 
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i i i . Ribosomes. 
a. Quan t i t a t ive es t imat ion o f ribosomes. 

Ribosomes were extracted by method I u s ing 10 mM. Mg^^ and 

by method 2 (see Chapter 2, 2 v i . a) f rom p ropo r t i ona l sections 

a long the l e a f . I t was found to be necessary to carry out the 

e x t r a c t i o n s and est imations simultaneously; f r e e z i n g of the l e a f 

t i s sue f o r 24 h . storage a t -20°C and f r e e z i n g the ribosome 

lOOpOO g p e l l e t r e su l t ed i n lowered y i e l d s . The y i e l d per sect ion 

i s shown i n Figure 2.29 (each sect ion was between 5 - 4«5 cm. 

l o n g . ) . There were two peaks of increased y i e l d as was apparent 

f o r t o t a l nuc le i c ac id y i e l d (Figure 2 .19) . The second peak was 

s l i g h t l y s h i f t e d ac rope t a l l y i n the t o t a l ribosome est imations, 

which may r e s u l t from d i f f e rences i n the ease w i t h which membrane-

bound RHA was released by the d i f f e r e n t methods of ex t r ac t ion since 

f r e e ribosomes are u n l i k e l y to be l o s t . For example, a t po in t 5 

(F igure 2.19) there was an increase i n y i e l d probably d e r i v i n g from 

botuid ribosomes (Figure 2 .^0) which were, perhaps, incompletely 

released by the mi lde r detergent , Nonidet , used i n ribosome 

e x t r a c t i o n s . A l t e r n a t i v e l y t h i s s h i f t could r e s u l t , as i n other 

experiments, f rom even s l i g h t d i f f e r ences i n growth condit ions to 

which the p lan t s have been subjected vfhich r e su l t ed i n d i f f e r e n t i a l 

development. 

F igure 2.30 shows the r a t i o o f f r e e to membrane-bound 

ribosomes ( ex t rac ted by method 2) f rom p ropo r t i ona l sections along 

the l e a f o f F. p ra tens i s . The number of f r e e ribosomes increased 

d r a m a t i c a l l y w i t h i n c i p i e n t senescence. There was also an increase 

midway .along the l e a f which corresponded to a per iod o f increased 

synthes is of nuc l e i c ac id (Figures 2.20 and 2. 26) and also one 

where a number o f ribosome breakdown products were i n evidence 

(Figures 2.23 an<i 2 .24) . This may be symptomatic of a per iod which 

f o l l o w s completion of c e l l d i v i s i o n , of h igh turnover or replacement 

o f ribosomes which have been prev ious ly associated wi th ear ly 

growth. I t i s a t t h i s time tha t the r a t i o o f polyribosomes to 

monoribosomes dropped (Figure 2.31) as would be expected i f the 



FIGURE 2.29 

Y i e l d o f polyribosomes per sec t ion 

a long the mature l e a f o f F. p ra tens i s 

1. Eibosomes ex t rac ted by method 1. 

2. Ribosomes ex t rac ted by method 2. 
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FIGURE 2. 30 

The r a t i o of f r e e to membrane bound 

ribosomes f rom sections^ the mature 

l e a f o f F. p ra t ens i s . 
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FIGURE 2. 31 
The r a t i o o f polyribosomes to 

monoribosomes from sect ions 

a long the mature l e a f o f F. p r a t ens i s . 
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emphasis had been s h i f t e d from p r o t e i n synthe t ic a c t i v i t y to 

degradation and replacement o f e x i s t i n g p ro t e in synthet ic 

machinery. The r a t i o o f polyribosomes to monoribosomes mi r rored 

the data f o r f r e e and membrane-bound ribosomes, thus at senescence 

monoribosomes increased corresponding to the increase i n f r e e 

ribosomes. The two Figures taken together would tend to suggest 

t h a t membrane-bound ribosomes were polyribosomic w h i l s t f r e e 

ribosomes may have been polyribosomic but the y i e l d s were elevated 

by l o s s o f bound ribosomes i n the form o f monoribosomes. 

b. Radio-isotope l a b e l l i n g o f ribosomes. 

P r o p o r t i o n a l sect ions o f mature leaves o f F. pratensis were 

l a b e l l e d w i t h ^ - a d e n i n e . The s p e c i f i c a c t i v i t i e s obtained f rom 

r a d i o i s o t o p e - l a b e l l i n g o f the ribosomes are shown i n Figure 2.32. 

I t would appear tha t a t p o in t s 4 and 5 a considerable amount o f 

synthesis has occurred, since both the y i e l d and counts incorporated 

were h i g h . However, a t p o i n t 4» 2. 2̂ ^ PAGE gels provided evidence o f 

subunits w i t h as much as 10^ o f the t o t a l ribosomal counts appearing 

i n these. I t i s more l i k e l y tha t these were evidence o f synthesis , 

but they could r e s u l t f rom breakdown e i t h e r due to r a p i d turnover 

o r to some metabol ic change which caused the degradation o f 

ribosomes i n e x t r a c t i o n . The appearance o f subunits may have been 

a f u n c t i o n o f the increased l e v e l s o f f r e e monoribosomes which may 

have been more suscept ib le to d i s s o c i a t i o n . There seems to have basn 

considerable ribosome synthesis a t senescence, i n accord w i t h the 

r e s i i l t s i n Figures 2.20 and 2.23. 

Figure 2.33 shows the r a t i o o f comits incorporated per p.g. o f 

polyribosomes to those incorpora ted per jig. o f monoribosome. 

Comparison w i t h Figure 2.32 ind ica tes tha t a t both poin ts where 

s p e c i f i c a c t i v i t y was h i g h , i . e . a t p o i n t 4 and at the apex, the 

counts seem to have been p r e f e r e n t i a l l y en ter ing the monoribosome 

f r a c t i o n . Once again, bear ing i n mind the l o n g incubat ion i n 

rad io i so tope (22 h . ) , t h i s could have r e su l t ed from r a p i d turnover 

or have been i n d i c a t i v e o f synthesis per se. However, i t does not 

d imin i sh the f a c t t h a t considerable synthesis must have occurred a t 

both these t imes. 



FIGURE 2.32 

S p e c i f i c a c t i v i t y o f i n c o r p o r a t i o n 

o f cpm. i n t o ribosomes from sect ions 

a long the mature l e a f o f F .p ra t ens i s . 
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FIGURE 2.35 

R a t i o o f t h e s p e c i f i c a c t i v i t y o f 

c o u n t s i n c o r p o r a t e d p e r p.g. o f 

p o l y r i b o s o m e s t o t h e c o u n t s 

i n c o r p o r a t e d p e r yig. o f m o n o r i b o s o m e s 

f r o m s e c t i o n s a l o n g t h e m a t u r e l e a f 

o f F . p r a t e n s i s . 
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i v . P o l y ( A ) - c o n t a i n i n ^ mRNA. 

P o l y ( A ) - c o n t a i n i n g mENA f r o m p r o p o r t i o n a l s e c t i o n s a l o n g 

m a t u r e t i s s u e s o f F . p r a t e n s i s was l a b e l l e d w i t h -^H-adenine f o r 

17 h . i n t h e l i ^ t . E x t r a c t i o n i n v o l v e d t h r e e washes o f t h e 

o l i g o ( d T ) c e l l u l o 8 € - p o l y ( A ) - m R W A c o m p l e x w i t h " b i n d i n g b u f f e r " 

f o l l o w e d b y one o f " i n t e r m e d i a t e b u f f e r " and f i n a l l y d i s s o c i a t i o n 

b y w a s h i n g w i t h e l u t i o n b u f f e r . The c o u n t s o b t a i n e d f r o m r e s u s p e n d e d 

mRI?A, f o l l o w i n g a l c o h o l i c p r e c i p i t a t i o n w i t h a c a r r i e r RNA, were 

r e c o r d e d o n a p e r s e c t i o n b a s i s ( F i g u r e 2 .54)« T h r e e a r e a s o f h i g h 

p o l y - a d e n y l a t i o n w e r e a p p a r e n t , w h i c h seemed t o p r e c e d e t h e h i g h 

p o l y r i b o s o m e t o m o n o r i b o s o m e s y n t h e s e s ( F i g u r e 2.33) c o i n c i d e d 

w i t h h i g h l e v e l s o f p o l y r i b o s o m e s ( F i g u r e 2.^^). 

S i n c e n o e s t i m a t e o f y i e l d o f mRKA c o u l d be o b t a i n e d f r o m 

s u c h s m a l l q u a n t i t i e s o f m a t e r i a l , t h e s e r e s u l t s were o f l i m i t e d 

v a l u e . F u r t h e r m o r e , i t i s n o t p o s s i b l e t o a s c e r t a i n w h e t h e r 

p o l y ( a ) - c o n t a i n i n g mRNA i n t h e p r o c e s s o f b e i n g t r a n s l a t e d i s as 

e a s i l y e x t r a c t e d as " f r e e " mJLNA e i t h e r due t o t h e i n a c c e s s a b i l i t y 

o f t h e p c l y ( A ) t a i l o r r e d u c t i o n o f i t s s i z e . 

I t doe s seem t h a t l o w l e v e l s o f p o l y a d e n y l a t i o n do o c c u r even 

q u i t e l a t e i n d e v e l o p m e n t . 



FIGURE 2.54 

Cpm. i n c o r p o r a t e d i n t o p o l y ( A ) - c o n t a i n i n g 

mRlU f r o m s e c t i o n s a l o n g m a t u r e l e a f 

o f F . p r a t e n s i s . 
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C h a p t e r 5. P r o t e i n s and d e v e l o p m e n t o f l e a v e s 

o f F e s t u c a p r a t e n s i s . 

I . I n t r o d u c t i o n 

i . E a r l y d e v e l o p m e n t 

i i . L i g h t e f f e c t s . 

i i i . Phase o f m a t u r a t i o n , 

i v . S e n e s c e n c e . 

V . A i m s i n i n v e s t i g a t i n g p r o t e i n s i n d e v e l o p m e n t 

o f F . p r a t e n s i s . 

I I . M e t h o d s 
i . E x t r a c t i o n o f p r o t e i n s a n d amino a c i d s . 

i i . PAGE. 

i i i . E s t i m a t i o n o f p r o t e i n . 

i v . E s t i m a t i o n o f f r e e amino a c i d s . 

V . R a d i o i s o t o p e - l a b e l l i n g o f p r o t e i n s a n d 

amino a c i d p o o l s . 

I I I . E > r p e r i m e n t a l 
i . Q u a n t i t a t i v e e s t i m a t i o n o f p r o t e i n d u r i n g 

d e v e l o p m e n t . 

i i . R a d i o i s o t o p e - l a b e l l i n g o f p r o t e i n d u r i n g 

d e v e l o p m e n t . 

i i i . Q u a n t i t a t i v e e s t i i n a t i o n o f t h e f r e e 

amino a c i d p o o l . 

i v . R a d i o i s o t o p e - l a b e l l i n g o f t h e f r e e 

amino a c i d p o o l . 

V . R a d i o i s o t o p e - l a b e l l i n g o f p r o t e i n f r a c t i o n s . 

v i . Summary. 
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I . I n t r o d u c t i o n . 

E s t i m a t e s o f t o t a l p r o t e i n c o n t e n t a n d s y n t h e s i s d u r i n g 

d e v e l o p m e n t h a v e l a r g e l y been i g n o r e d i n f a v o u r o f e x a m i n a t i o n o f 

p a r t i c u l a r enzymes ( s e e C h a p t e r 4) o r s t r u c t u r a l p r o t e i n s . Where 

s u c h w o r k h a s b e e n r e p o r t e d t h e c e l l u l a r p r o t e i n s have u s u a l l y been 

s p l i t i n t o t w o g e n e r a l c l a s s e s , " s o l u b l e " a n d " p a r t i c u l a t e . " The 

f o r m e r a r e f r e e i n t h e c y t o s o l and a r e e a s i l y e x t r a c t e d w h e r e a s t h e 

l a t t e r a r e e i t h e r i n t e g r a l p a r t s o f membranes o r a s s o c i a t e d w i t h 

c e l l o r g a n e l l e s a n d r e q u i r e more v i g o r o u s e x t r a c t i o n , f o r example 

w i t h d e t e r g e n t . S i n c e t h e e x t r a c t i o n p r o c e d u r e s a r e r e l a t i v e l y 

s t r a i g h t f o r w a r d i t i s s u r p r i s i n g how l i t t l e i n f o r m a t i o n o n t h e 

s y n t h e s i s a n d t u r n o v e r o f t h e s e c l a s s e s o f p r o t e i n i s a v a i l a b l e . 

T h i s i n f o r m a t i o n , p a r t i c u l a r l y i n c o n j u n c t i o n 7 » l t h c o n c o m i t a n t 

n u c l e i c a c i d e s t i m a t i o n s , c o u l d p r o v i d e i m p o r t a n t c l u e s t o t h e 

f a c t o r s i n v o l v e d i n t h e d i s p l a c e m e n t s o f s y n t h e s i s and d e g r a d a t i o n 

w h i c h l e a d t o g r o w t h a n d f i n a l l y t o t h e d e a t h o f t h e p l a n t . 

E a r l y w o r k e r s ( f o r e x a m p l e , G r e g o r y a n d Sen , 193?) assumed 

t h a t t h e r e was a c o n t i n u a l t u r n o v e r o f p r o t e i n s . 7 « i t h t h e i n t r o d u c t i o n 

o f r a d i o i s o t o p e p r e c u r s o r s , t h i s was c o n f i r m e d ; n e t p r o t e i n c o n t e n t 

was f o u n d t o be r e m a r k a b l y s t a b l e b u t c o n c u r r e n t w i t h t h i s was a 

c o n t i n u a l s y n t h e s i s a n d d e g r a d a t i o n . The b a l a n c e b e t w e e n a n a b o l i c 

a n d c a t a b o l i c p r o c e s s e s seems t o be l a r g e l y r e s p o n s i b l e f o r t h e 

p r o g r e s s o f d e v e l o p m e n t ( M o t h e s , I926; W a l k l e y , I94O; V i c k e r y e t a l . , 

I94O; C h i b n a l l a n d W i l t s h i r e , 1954; D e d e k e n - G r e n s o n , 1954). 

T h e r e i s l i t t l e r e c e n t w o r k c o n c e r n i n g t o t a l p r o t e i n m e t a b o l i s m 

d u r i n g t h e d e v e l o p m e n t o f a t t a c h e d l e a v e s . K o s t w o r k e r s have a d o p t e d 

t h e a p p r o a c h o f p r o b i n g i n t o t h e c o n t r o l mechan i sms v i a a r t i f i c i a l 

s y s t e m s w h i c h e l i m i n a t e c o r r e l a t i v e i n f l u e n c e s , f o r example b y 

f o l l o w i n g t h e e a r l y m e t a b o l i s m t h r o u g h g r e e n i n g o f e t i o l a t e d t i s s u e 

a n d l a t e m e t a b o l i s m t h r o u g h e x c i s i o n and a p p l y i n g e x t e r n a l c o n d i t i o n s 

o f s u p p r e s s i o n o r s t i m u l a t i o n ( s e e C h a p t e r 5 ) ; w h i l s t t h e s e a r e 

u s e f u l m o d e l s y s t e m s t h e y n e e d n o t n e c e s s a r i l y r e l a t e t o t h e p r o c e s s e s 

o f t h e i n t a c t p l a n t ( f o r e x a m p l e s , see C h a p t e r 5 ) . T h i s C h a p t e r i s 

c o n c e r n e d w i t h t h e p r o t e i n c o m p l e m e n t o f i n t a c t l e a v e s o f 

F e s t u c a p r a t e n s i s . 
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1 . E e j l y d e v e l o p m e n t . 

A p p r e c i a b l e p r o t e i n s y n t h e s i s i s a p p a r e n t w i t h i n a f e w h o u r s 

o f i m b i b i t i o n o f s eeds ( M a r c u s a n d F e e l e y , 1964; H a l l a m e t a l . , 1972; 

B h a t a n d ' P a d a y a t t y , 1975; S t o d d a r t e t a l . . 1973) w i t h l i t t l e o r no 

n e t p r o t e i n c o n t e n t c h a n g e . P r o t e i n s y n t h e s i s i s o b l i g a t o r y f o r t h e 

p r o g r e s s o f g e r m i n a t i o n as w o r k •> i t h i n h i b i t o r s has s u g g e s t e d 

( S t o d d a r t e t a l . , 1973; B h a t a n d P a d a y a t t y , 1975) . T h i s i s u n l i k e t h e 

i n d e p e n d e n c e o f g e r m i n a t i o n f r o m t h e e a r l y s y n t h e s i s o f RNA. 

S t o d d a r t e t e l . (1973) o b s e r v e d two p h a s e s o f i n c r e a s e d p r o t e i n 

s y n t h e s i s : t h e f i r s t maximum o c c u r r i n g b e t w e e n 4 a n d 5 h o u r s f o l l o ? , ' i n i 

t h e o n s e t o f i m b i b i t i o n a n d i n d e p e n d e n t o f RNA s y n t h e s i s , a n d t h e 

s e c o n d ia t 8 h . a n d a t l e a s t p a r t i a l l y d e p e n d e n t o n RHA s y n t h e s i s . 

J a c h j r m c z y k e t a l . (1974) showed t h a t p r o t e i n s y n t h e s i s c o u l d p r o c e e d 

w i t h o u t RKA s y n t h e s i s f o r u p t o 40 h . i n pea e m b r y o n i c a x e s . T h i s and 

many o t h e r o b s e r v a t i o n s ( f o r e x a m p l e , L ;a rcus and P e e l e y , 1964; B h a t 

and P a d a y a t t y , 1975; O s b o r n e e t a l . , 1977) n e c e s s a r i l y r e q u i r e d 

v i a b l e p r e - e x i s t i n g mRl^A, rRKA a n d o t h e r c o m p o n e n t s o f t r a n s l a t i o n 

( s e e C h a p t e r 2 , I n t r o d u c t i o n ) . 

O b s e r v a t i o n o f h i g h l e v e l s o f t h e enzymes r e q u i r e d f o r Rl^A 

s y n t h e s i s ( B a r k e r and R e i b e r , 19^7) a n d o f a number o f o t h e r enzymes 

( E e d l e y a n d S t o d d a r t , 1972^ a t t h e s t a r t o f g e r m i n a t i o n s u g g e s t s t h a t 

t h e e a r l y s y n t h e s i z e d p r o t e i n s a r e n o t c o n c e r n e d w i t h r e s y n t h e s i s o f 

t h e enzyme c o m p l e m e n t . The e x i s t i n g o r a c t i v a t e d enzyme complemen t 

f r e q u e n t l y c o n s i s t s o f h i g h l e v e l s o f s o l u b l e h y d r o l a s e s w h i c h 

p r o v i d e p r e c u r s o r s f o r t h e e a r l y s y n t h e s i s o f p r o t e i n ( a n d R H A ) f r o m 

t h e b r e a k d o w n o f t h e s t o r a g e m a t e r i a l s o f t h e seed endosperm 

( L a r s o n a n d B e e v e r s , I 9 6 5 ) . I t w o u l d seem l i k e l y t h a t t h e e a r l y 

s y n t h e s i z e d p r o t e i n s a r e t h o s e o f a s t r u c t u r a l k i n d a n d / o r t h o s e 

r e q u i r e d f o r t h e m o r e s u b t l e a s p e c t s o f m e t a b o l i c c o n t r o l p r o d u c e d 

i n r e s p o n s e t o e n v i r o r j n e n t a l c o n d i t i o n s . 
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i i . L i g h t e f f e c t s . 

T o t a l l e a f p r o t e i n i n c r e a s e s r a p i d l y - ( 2 - 5 h . ) when e t i o l a t e d 

l e a v e s a r e p l a c e d i n t h e l i g h t ( D e - D e k e n G r e n s o n , 1954; Mego a n d 

J a g e n d o r f , 1961; Rhodes a n d Yemm, 1963)* As a l r e a d y o b s e r v e d f o r 

KEk synthesis ( s e e C h a p t e r 2 ) , l i g h t i s n o t a p r e r e q u i s i t e f o r 

p r o t e i n a c c i i m u l a t i o n e i t h e r ; f o r e x a m p l e , F r a c t i o n I s y n t h e s i s i s 

m e r e l y a c c e l e r a t e d b y l i g h t t r e a t m e n t ( E l l i s , 19^9 ) . F r a c t i o n I 

c o n t e n t h a s b e e n t h e m o s t s t u d i e d s o l u b l e p r o t e i n w i t h r e l a t i o n t o 

d e v e l o p m e n t . I t s s y n t h e s i s i s r e s t r i c t e d t o t h e e a r l y phase o f l e a f 

d e v e l o p m e n t c o r r e s p o n d i n g w i t h l e a f e x p a n s i o n ( W o o l h o u s e , 196?; 

S m i l l i e , 1969)- F o l l o w i n g t h i s i t t u r n s o v e r a t a very l o w r a t e a n d 

d e c l i n e s g - r a d u a l l y . 

The i n c r e a s e d c a p a c i t y o f r i b o s o m e s f r o m l i g h t t r e a t e d l e a v e s 

t o d i r e c t p o l y - ( T J ) i n c o r p o r a t i o n i n t o p h e n y l a l a n i n e as a r e s u l t o f 

a c c e l e r a t e d a c c e p t a n c e o f i n i t i a t i o n f a c t o r s ( T r a v i s e t a l . , 1972) 

may p r o v i d e a t l e a s t p a r t o f t h e r e a s o n f o r l i g h t - a c c e l e r a t e d , b u t 

n o t n e c e s s a r i l y e n h a n c e d , p r o t e i n s j m t h e s i s i n v i v o . O t h e r r e s u l t s 

c o n f i r m t h a t l i g h t i s a s s o c i a t e d w i t h t h e d e v e l o p m e n t and m a i n t e n a n c e 

o f t h e p r o t e i n - s j T i t h e s i z i n g a p p a r a t u s ( W i l l i a m s and N o v e l l i , I 9 6 4 , 

1968; T r a v i s e t a l . , 1970) r a t h e r t h a n b e i n g i n v o l v e d s p e c i f i c a l l y 

w i t h t h e i n d u c t i o n o f p a r t i c u l a r p r o t e i n s o r s t a b i l i s a t i o n o f mEITA 

( P i n e a n d K l e i n , 1972) . 

i i i . Phase o f m a t u r a t i o n . 

: h e s i s H e d l e y a n d S t o d d a r t (1972b} r e p o r t e d a p e a k o f p r o t e i n synth 

w h i c h c o r r e l a t e d w i t h a t t a i r j n e n t o f maximum c h J i o r o p h y l l ^ a n d o c c u r r e d 

a p p r o x i m a t e l y m i d w a y t h r o u g h t h e t o t a l l i f e span o f a t t a c h e d l e a v e s 

o f L o l i u j n t e m u l e n t u m . The enzyme a c t i v i t i e s a s s o c i a t e d w i t h t h i s 

p h a s e v a r i e d d e p e n d i n g o n p h o t o p e r i o d and l e a f p o s i t i o n . N e v e r t h e l e s s , 

t h i s p e a k b o r e a c o n s t a n t t e m p o r a l r e l a t i o n s h i p t o l e a f emergence and 

no v i s i b l e e f f e c t o f p h o t o p e r i o d o n t h i s p h a s e was d e t e c t a b l e . 
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E n v i r o n m e n t a l f a c t o r s w h i c h t e n d e d t o d e l a y t h e o n s e t o f s e n e s c e n c e 

a p p a r e n t l y d i d so b y e x t e n s i o n o f t h e i n t e r v a l b e t w e e n t h e s e c o n d a n d 

t h i r d i n c o r p o r a t i o n m a x i m a a n d p a r t l y b y d e l a y i n g i n i t i a t i o n o f t h e 

f i r s t . E n v i r o n m e n t a l f a c t o r s p r e v a i l i n g i n t h e e a r l y s t a g e s o f 

d e v e l o p m e n t c a n a f f e c t t h e o n s e t a n d c o u r s e o f s enescence (Schwabe , 

1 9 7 0 ) ' I t i s p o s s i b l e t h a t t h i s p r e d e s t i n e d s e c o n d p r o t e i n s y n t h e t i c 

p h a s e m e r e l y ha s a m a i n t e n a n c e f u n c t i o n r a t h e r t h a n one i n w h i c h 

i m p o r t a n t c o n t r o l f a c t o r s m i g h t be o p e r a t i n g a n d , as s u c h , n e e d n o t be 

f l e x i b l e . 

i v . S e n e s c e n c e . 

T h e r e a r e many r e p o r t s w h i c h s u g g e s t t h a t s enescence r e q u i r e s 

s \ v n t h e s i s o f p r o t e i n ( W o l l g i e h n , 19^7; W o o l h o u s e , 1967; McHale a n d 

D o v e , 1968; U d v a r d y e t a l . , I 9 6 9 ; E e d l e y a n d S t o d d a r t , 1971 b ; 

M a r t i n a n d Thimann 1972; B a u m g a r t n e r e t a l . , 1975; Thomas, 1976^ 

a l t h o u g h t h e n e t l e v e l s o f p r o t e i n d e c l i n e ( C a r r a n d P a t e , 1967; 

W o o l h o u s e , 1967) . T h i s d e c l i n e may r e s u l t f r o m d e g r a d a t i o n o r d e c r e a s e d 

s y n t h e s i s . S y n t h e s i s ma^- be l i m i t e d b y a jn ino a c i d a v a i l a b i l i t y due t o 

e x p o r t t o y o u n g e r p a r t s o f t h e p l a n t o r b y r e d u c e d p r o t e i n s y n t h e t i c 

c a p a c i t y . The f o r m e r s u g g e s t i o n l o s e s c r e d i b i l i t y i n t h e l i g h t o f w o r k 

w i t h d e t a c h e d l e a v e s w h e r e p r o t e i n d e c l i n e s e v e n i n t h e p r e s e n c e o f 

h i g i i l e v e l s o f am:no a c i d ( V i c k e r y e t a l . , 1937) ^Jid w i t h i t s r e l i a n c e 

o n t h e a s s u m p t i o n o f c o n t i n u a l t u r n o v e r o f p r o t e i n . F r a c t i o n I , f o r 

e x a m p l e , d o e s n o t t u r n o v e r a p p r e c i a b l y f o l l o w i n g m a t u r a t i o n y e t i t 

d e c l i n e s q u i t e r a p i d l y a t s e n e s c e n c e . P r o t e a s e s ( M a r t i n and ThimanA 

1972) a n d RNAses ( D o v e , 1975; B a u m g a r t n e r e t a l . , 1975; Thomas, 1975) 

a r e s y n t h e s i z e d a t s e n e s c e n c e a n d o b v i o u s l y r e q u i r e a l o w t h r e s h o l d 

o f p r o t e i n s y n t h e t i c a c t i v i t : ^ ' . Once d e g r a d a t i v e enzymes have been 

m a x i m a l l y i n d u c e d o r a c t i v a t e d s e n e s c e n c e w i l l p r o c e e d u n a b a t e d and i t 

i s a t t h i s p o i n t t h a t s e n e s c e n c e becomes i r r e v e r s i b l e . 



75 

T . A i m s i n i n v e s t i g a t i n g p r o t e i n s 

i n d e v e l o p m e n t o f F e s t u c a . 

S y n t h e s e s o f s o l u b l e and p a r t i c u l a t e p r o t e i n f r a c t i o n s were 

q u a n t i f i e d f r o m l e a v e s o f F . p r a t e n s i s t h r o u g h o u t d e v e l o p m e n t , b o t h 

s e q u e n t i a l l y a l o n g t h e l e a f and t e m p o r a l l y . E s t i m a t e s o f f r e e amino 

a c i d s w e r e a l s o c a . r r i e d o u t i n o r d e r t o p r o v i d e some i n d i c a t i o n o f 

amino a c i d f l i i x and p o o l s i z e b u t w i t h o u t c o n s i d e r a t i o n o f c o m p a r t -

m e n t a t i o n . W o u l d t h e t h r e e p h a s e s o f m a x i m a l p r o t e i n s y n t h e s i s i n 

d e v e l o p m e n t o f l e a v e s o f L o l i u m t e m u l e n t u m ( E e d l e y and S t o d d a r t , 1972i) 

be r e f l e c t e d n o t o n l y i n a n o t h e r s p e c i e s , F e s t u c a p r a t e n s i s , b u t a l s o , 

i n t h e d e v e l o p m e n t s e q u e n t i a l l y a l o n g t h e l e a f a x i s ? 
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I I . M e t h o d s . 

i . E x t r a c t i o n o f p r o t e i n a n d amino a c i d s . 

P r o t e i n e x t r a c t i o n i s r e l a t i v e l y s t r a i g h t f o r w a r d p r o v i d i n g 

p r e c a u t i o n s a r e t a k e n t o b u f f e r t h e e x t r a c t a t a p p r o x i m a t e l y 

n e u t r a l i t y , t o p r o t e c t t h e e a s i l y o x i d i z e d s u l p h y d r y l g r o u p s 

w i t h s u i t a b l e r e d u c i n g a g e n t s 

L e a f m a t e r i a l ( O . 1 6 - 2 .0 g . ) was h o m o g e n i z e d i n 2 m l . 

e x t r a c t i o n b u f f e r w i t h a c i d - w a s h e d sand a t room t e m p e r a t u r e . The 

e x t r a c t i o n b u f f e r c o n s i s t e d o f 

40 mM. T r i s - H C l pH 7 .5 

10 mM. magnes ium s u l p h a t e 

250 mM. EDTA ( d i s o d i u m s a l t ) 

2 mM. m e r c a p t o e t h a n o l . 

The h o m o g e n a t e was c e n t r i f u g e d a t l ^ j O O O g . f o r 6 m i n . i n a 

Q u i c k f i t m i c r o c e n t r i f u g e . 0 .5 m l . s u p e r n a t a n t were m i x e d w i t h 

0 .5 m l . ' d e n a t u r a t i o n b u f f e r ' and h e a t e d i n a v r a t e r b a t h a t 100°C. 

f o r 2 m i n . t o g i v e a c r u d e d e n a t u r e d s o l u b l e p r o t e i n e x t r a c t . 

The ' d e n a t u r a t i o n b u f f e r ' , c o n s i s t e d o f 

6 2 . 5 mM. T r i s - H C l pH 6.8 

5f° ( W / V ) g l y c e r o l 

256 mM. m e r c a p t o e t h a n o l 

20 g . / l . S D S . 

0 , 2 5 m l . s u p e r n a t a n t were added t o 0 .25 t r i c h l o r o a c e t i c 

a c i d (100 g . / l . ) a n d c e n t r i f u g e d a t 13,000 g . f o r 6 m i n . t o r emove 

p r e c i p i t a t e d s o l u b l e p r o t e i n . The s u p e r n a t a n t was t a k e n f o r f r e e 

amino a c i d e s t i m a t i o n . 

The 13,000 g . p e l l e t f r o m t h e f i r s t c e n t r i f u g a t i o n was 

r e - e x t r a c t e d w i t h 1 m l . e x t r a c t i o n b u f f e r f o l l o w e d by a n o t h e r 

13 ,000 g . s p i n . T h i s s u p e r n a t a n t was d i s c a r d e d and t h e p e l l e t was 

w a s h e d t w i c e w i t h 1 m l , c h J L o r o f o r m ; m e t h a n o l m i x ( 2 : 1 V/v) f o l l o w e d 

b y one wash w i t h a B h y d r o u s m e t h a n o l t o r emove r e m a i n i n g l i p i d s . 

The 13 ,000 g . s u p e m a t a n t s were p o o l e d and k e p t i n t h e d a r k a t 4 ° C . 
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f o r l a t e r c h l o r o p h y l l e s t i m a t i o n s . 

2 m l . ' d e n a t u r a t i o n b u f f e r ' w e r e added t o t h e f i n a l 

13 ,000 g . w h i t e p e l l e t w h i c h was t h e n i n c u b a t e d a t 100°C. f o r 

2 m i n . C l a r i f i c a t i o n was c a r r i e d o u t b y c e n t r i f u g a t i o n a t 13,000 g . 

f o r 6 m i n . The s u p e r n a t a n t r e p r e s e n t e d t h e c r u d e p a r t i c u l a t e p r o t e i n 

f r a c t i o n . 

i i . PAGE 

The p o l y a c r y l a m i d e r o d g e l s y s t e m u s e d was e s s e n t i a l l y t h a t o f 

E e n r i q u e s a n d P a r k ( l 9 7 5 ) a n d e m p l o y e d a 1 cm. s t a c k i n g g e l o f 

5i° (W/V) p o l y a c r y l a m i d e a n d a 9 cm. r u n n i n g g e l o f 15^° (W/v) 

p o l y a c r y l a m i d e . The a c r j ' - l a m i d e was made u p i n 

190 TM. T r i s - H C l pH 8.8 

1 g . / l . SDS 

20 mM. EDTA ( d i s o d i u m s a l t ) 

w i t h 4 g « / l ' b i s - a c r y l a m i d e . 

The f i n a l pH o f t h e s t a c k i n g g e l was 7 .0 T h i s r e s u l t e d f r o m 

i t b e i n g made u p w i t h g e l b u f f e r d i l u t e d w i t h two v o l u m e s o f d i l u t i n g 

s o l u t i o n c o n s i s t i n g o f 1 g . / l . SDS a n d 20 mM. EDTA ( d i s o d i u m s a l t ) 

a t pH 6 . 5 . The g e l s w e r e p r e p a r e d i n p e r s p e x t u b e s o f i n t e r n a l d i a m e t e r 

0 .6 cm. The s u r f a c e s o f b o t h t h e r u n n i n g a n d s t a c k i n g g e l s were l e v e l l e d 

b y c a r e f u l o v e r l a y i n g w i t h a b o u t 100 yX' d i s t i l l e d w a t e r w h i c h were 

r e m o v e d f o l l o w i n g g e l p o l y m e r i z a t i o n . The r u n n i n g b u f f e r c o n s i s t e d o f 

50 mM. T r i s - H C l pH 8.2 

2 mlti. EDTA ( d i s o d i u m s a l t ) 

1 g . / l . SDS 

38O mM. g l y c i n e . 

The e l e c t r o p h o r e s i s t a n k s were s e t up as d e s c r i b e d i n 

C h a p t e r 2 , I I i i i . 50 ' d e s a l t e d ' p r o t e i n e x t r a c t ( s e e f o l l o w i n g 

s e c t i o n ) w e r e l o a d e d o n t o g e l s and r u n a t 3 mA. p e r g e l . i i J l e c t r o -

phoi^e ' s ie was c a r r i e d o u t , a t r o o m t e m p e r a t u r e , u n t i l t h e b r o m o p h e n o l 

b l u e t r a c k e r d y e , w h i c h m a r k e d t h e s o l v e n t f r o n t , was a p p r o x i m a t e l y 

0 .5 cm. f r o m t h e b o t t o m o f t h e t u b e . 
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G e l s w e r e r e m o v e d w i t h a s y r i n g e d e v i c e w h i c h r e l e a s e d them 

f r o m t h e t u b e s by p r e s s u r e a n d c i r c u l a t i o n o f w a t e r . G e l s were 

i i o m e d i a t e l y s t a i n e d w i t h CBB s t a i n made u p as a 37.5 g . / l . s o l u t i o n 

i n 12.5^ ( v / v ) a c e t i c a c i d a n d 31-25^ ( V ^ ) p r o p a n o l , f o r a t l e a s t 

3 h . ( F a i r b a n k s e t a l . , 1971)' D e s t a i n i n g was a c h i e v e d b y i m m e r s i o n i n 

3.75 g . / l - CBB 

12.5/^ ( vA) a c e t i c a c i d 

12.5^^ (v/v) p r o p a n o l 

f o r 1 - 2 h . , f o l l o w e d b y 

1.875 g . / l . CBB 

^2.Jio (v/v) a c e t i c a c i d , 

f o r 3 h . a n d , f i n a l l y , s e v e r a l c h a n g e s o f lOJi (v/v) a c e t i c a c i d . 

G e l s w e r e s c a n n e d a t 64O nin. u s i n g t h e d e n s i t o m e t e r a t t a c h m e n t 

o f a V i t a t r o n MPS s p e c t r o p h o t o m e t e r . 

K o l e c u l a r w e i g h t s w e r e e s t i m a t e d by c o m p a r i s o n o f m i g r a t i o n o f 

c y t o c h r o m e C (12,270 MW), o v a l b u m i n (45,000 J.fW) and BSA (66,000 MW) 

( B e n r i q u e s a n d P a r k , 1975; vveber and O s b o m , I969) . 

i i i . E s t i m a t i o n o f p r o t e i n . 

F o l l o v i l n g c o m p a r i s o n w i t h t h e B i u r e t m e t h o d f o r p r o t e i n 

e s t i m a t i o n , t h e m e t h o d o f L o w r y e t a l . ( l 9 5 l ) was f i n a l l y a d o p t e d . 

P r i o r t o q u a n t i t a t i o n , t h e c r u d e e x t r a c t s ( b o t h s o l u b l e and p a r t i c u l a t e ) 

w e r e s u b j e c t e d t o a ' d e s a l t i n g ' s t e p i n v o l v i n g passage t h r o u g h 

Sephadex G-25 c o l u m n s s u p p o r t e d v e r t i c a l l y i n P a s t e u r p i p e t t e s , by 

e l u t i o n w i t h d i s t i l l e d w a t e r w i t h o u t r e s t r i c t i n g f l o w . T h i s was 

e s s e n t i a l s i n c e SDS and m e r c a p t o e t h a n o l b o t h i n t e r f e r e w i t h t h e c o l o u r 

p r o d u c t i o n i n t h e Lovary m e t h o d ( V a l l e j o and L a g u n a s , 1970; G e i g e r a n d 

Bessman , 1972; Ross and S c h a t z , 1975)- O t h e r m e t h o d s o f s u l p h y d r j - l 

c o n t a m i n a t i o n r e m o v a l w e r e a l s o t r i e d , n a m e l y by c a r b o x s n a e t h j - ' l a t i o n 

w i t h e x c e s s i o d o a c e t a t e ( R o s s and Schatz^'..1973) > o x i d a t i o n by a d d i t i o n 

o f h y d r o g e n p e r o x i d e ( G e i g e r a n d Bessman, 1972) and d i a l y s i s , b u t t h e s e 

w e r e n o t as s u c c e s s f u l as G-25 c o l u m n s . The ' d e s a l t e d ' e x t r a c t s were 

s u i t a b l y d i l u t e d ( u s u a l l y 60 i n a t o t a l o f 6OO ; i l . w a t e r o r b u f f e r ) 

a n d b r o u g h t t o 37°C. 3 m l . c o p p e r s o l u t i o n ( f r e s h l y made by t h e 



FIGURE 5 .1 

C a l i b r a t i o n o f L o w r y e s t i m a t i o n o f 

p r o t e i n w i t h d i f f e r e n t c o n c e n t r a t i o n s 

o f BSA. 

FIGURE 

C a l i b r a t i o n o f f l u o r e s c e n c e n e t h o d 

o f a m i n o a c i d e s t i m a t i o n u s i n g 

d i f f e r e n t c o n c e n t r a t i o n s o f g l y c i n e . 
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a d d i t i o n o f 1 m l . o f CuSO^. 51^0 s t o c k ( 2 0 mM. ) t o 100 m l . o f s o d i u m 

c a r b o n a t e ( a n h y d r o u s ) s t o c k ( 7 0 mM. ) i n 100 mM. s o d i u m h y d r o x i d e , 

a n d e q u i l i b r a t e d a t 5 7 ° C . ) w e r e a d d e d a n d i n c u b a t e d f o r e x a c t l y 

10 m i n . a t 3 7 ° C . JOO p i . P o l i n - C i o c a l t e a u r e a g e n t w e r e t h e n a d d e d 

w i t h t h o r o u g h a n d i m m e d i a t e m i x i n g . E x a c t l y 15 m i n . l a t e r t h e 

a b s o r b a n c e a t 719 i i m , was m e a s u r e d u s i n g a V i t a t r o n c o l o r i m e t e r 

( V i t a t r o n U . K . L t d . ) i n c o n j u n c t i o n w i t h a F i s o n s a u t o d i s p e n s e r . 

P o l l o \ 7 i n g c o r r e c t i o n f o r t h e b l a n k ( p r e p a r e d b y s u b s t i t u t i n g w a t e r 

o r b u f f e r f o r t h e p r o t e i n e x t r a c t ) t h e p r o t e i n c o n t e n t was e s t i m a t e d 

b y r e f e r e n c e t o a s t a n d a r d c a l i b r a t i o n c u r v e ( F i g u r e E r r o r s 

due t o s u l p h y d r y l g r o u p r e a c t i o n s w e r e f u r t h e r m i n i m i z e d by a s s a y i n g 

i n c h r o m i c a c i d washed t u b e s . v?here s amp le s were n o t ' d e s a l t e d ' , 

p r o t e i n was p r e c i p i t a t e d w i t h two and a h a l f t i m e s sample v o l u m e 

w i t h t r i c h l o r o a c e t i c a c i d ( l O O g . / l . ) a t 4 ° C . f o r 30 m i n . , c e n t r i f u g e d 

a t 1 3 , 0 0 0 g . f o r 6 m i n . a t 4 ° C . i n a Q u i c k f i t m i c r o c e n t r i f u g e a n d t h e 

p e l l e t s d i g e s t e d w i t h 2^0 p i . 100 mM. s o d i u m h j ^ d r o x i d e o v e r n i g h t a t 

4 0 ° C . i n a G r a n t BT 3 b l o c k t h e r m o s t a t . S u i t a b l e a l i q u o t s o f t h i s 

d i g e s t w e r e t h e n u s e d i n Lovnry e s t i m a t i o n s . 

i v . E s t i m a t i o n o f f r e e amino a c i d s . 

A m i n o a c i d e s t i m a t i o n was a c h i e v e d by f l u o r i m e t r i c m e a s u r e m e n t 

o f t h e r e a c t i o n o f F l u r a m w i t h p r i m a r y a m i n e s . P r o v i d i n g f l u o p h o r 

c o n c e n t r a t i o n does n o t become s e l f q u e n c h i n g t h i s m e t h o d i s h i g h l y 

r e p r o d u c i b l e , s e n s i t i v e t o p i c o m o l e a m o u n t s , r e q u i r e s no h e a t i n g o r 

h a r s h c o n d i t i o n s , t h u s h a v i n g many a d v a n t a g e s o v e r more t r a d i t i o n a l 

m e t h o d s . 

E s t i m a t i o n s w e r e c a r r i e d o u t u s i n g a V i t a t r o n J.!PS w i t h t h e 

f l u o r i m e t e r mode. 0 .1 m l . s amp le ( s u i t a b l y d i l u t e d , i f n e c e s s a r y ) 

was m i x e d w i t h 1 . 5 m l . 200 mM. b o r a t e b u f f e r ( p H 9 - 0 ) . 0 . 5 m l . F l u r a m 

( 1 5 m g . / 1 O O m l . a c e t o n e ) was a d d e d w i t h i n s t a n t a n e o u s m i x i n g . The 

f l u o r e s c e n c e was r e c o r d e d T / i t h r e f e r e n c e t o a b l a n k o f 0 .1 m l . 

6 0 ^ ( V / V ) e t h a n o l a n d a s t a n d a r d g l y c i n e s o l u t i o n ( I ml-I. i n SOfp ( v / v ) 

e t h a n o l ) . The c o n c e n t r a t i o n s o f amino a c i d s w e r e e s t i m a t e d b y r e f e r e n c e , 

t o a c a l i b r a t i o n c u r v e o b t a i n e d f o r g l y c i n e ( F i g u r e 3 . 2 ) . 
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V . R a d i o i s o t o p e l a b e l l i n g 

o f p r o t e i n s a n d amino a c i d p o o l s . 

F o l l o w i n g s t e r i l i s a t i o n , 1 cm. s e c t i o n s o f 4 l e a v e s were 

i n c u b a t e d w i t h s h a k i n g f o r 16 h . a t room t e m p e r a t u r e i n 4 .1 n i l . 

b u f f e r ( p H 7 . 5 ) c o n t a i n i n g 1 . 2 5 p C i p e r m l . L - ( ' ' ^ - C ) amino a c i d 

a n d 5 . 5 nJ^. ATP, i n l i g h t f r o m an A n g l e - p o i s e l a m p a t 5 ,000 l u x . 

The b u f f e r was t h a t u s e d as e x t r a c t i o n b u f f e r ( S e c t i o n I I . i ) . 

E s t i m a t i o n o f a m i n o a c i d i n c o r p o r a t i o n i n v o l v e d h a r v e s t i n g t h e 

l e a f s e c t i o n s a n d , f o l l o w i n g p r o f u s e w a s h i n g t o remove s u r f a c e 

r a d i o a c t i v i t y , h o m o g e n i z a t i o n a s d e s c r i b e d i n S e c t i o n I I . i . 

The r a d i o a c t i v i t y i n c o r p o r a t e d i n t o p r o t e i n was c a l c u l a t e d f r o m t h e 

t o t a l c o i m t s w h i c h h a d e n t e r e d t h e PAGE g e l f o l l o w i n g e l e c t r o p h o r e s i s , 

b y c o u n t i n g 1 .8 mm. s l i c e s o b t a i n e d u s i n g a v d r e s l i c e r and m e t a l g u i d & 

The f i r s t 3 . 6 mm. o f t h e g e l w e r e n o t i n c l u d e d i n t h i s e s t i m a t i o n 

a s s u m i n g t h i s t o c o n t a i n r e s i d u a l l i p i d s a n d n o n - p r o t e i n m a t e r i a l . 

G e l s l i c e s were t r e a t e d as f o r RKA g e l s l i c e s ( s e e C h a p t e r 2 , I I i v ) 

a n d c o u n t e d i n a T r a c e - L a b C o r u m a t i c 200 s c i n t i l l a t i o n c o u n t e r w i t h 

9 8 ^ e f f i c i e n c y f o r ^ ^ C , u s i n g t o l u e n e : T r i t o n X 100 : PPG 

s c i n t i l l a t i o n f l u i d ( C h a p t e r 2 , I I i v ) . 
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I I I . E x p e r i m e n t a l . 

i . Q u a n t i t a t i v e e s t i m a t i o n 

o f p r o t e i n d u r i n g d e v e l o p m e n t . 

S o l u b l e and p a r t i c u l a t e p r o t e i n f r a c t i o n s were e s t i m a t e d i n 

b o t h d e v e l o p m e n t a l s y s t e m s . F i g u r e s 3 . 5 a n d 3 . 4 show t h e p r o t e i n 

y i e l d s o b t a i n e d . F i g u r e 3. 3 A shows t h a t s o l u b l e p r o t e i n i n c r e a s e s 

t o a maximum b y Day 49 ( f u l l e x p a n s i o n ) a n d i s t h e n d e g r a d e d . 

P a r t i c u l a t e p r o t e i n i s a l s o m a x i m a l b y Day 49 b u t seems t o d e c l i n e 

p r i o r t o t h i s , p e r h a p s as a r e s u l t o f membrane m a t u r a t i o n a s s o c i a t e d 

w i t h e x t e n s i o n g r o w t h . The e a r l y d e c l i n e i n s o l u b l e p r o t e i n c o n t e n t 

i f e x p r e s s e d p e r u n i t a r e a ( F i g u r e 3 . 3 B ) i s p r o b a b l y due t o 

v a c u o l a t i o n . F i g u r e 3 . 4 shows a s i m i l a r t r e n d i n p r o t e i n c o n t e n t t o 

F i g u r e 3 . 3 B , w i t h a n e a r l y i n c r e a s e w h i c h d e c l i n e s w i t h age t o t h e 

i n i t i a l l e v e l . 

i i . R a d i o i s o t o p e l a b e l l i n g 

o f p r o t e i n s d u r i n g d e v e l o p m e n t . 

F i g u r e s 3 - 5 a j i d 3 . 6 show t h e r e s u l t s o f s e v e r a l e x p e r i m e n t s 

d e s i g n e d t o i n v e s t i g a t e t h e l e v e l s o f p r o t e i n s y n t h e s i s w i t h 

d e v e l o p m e n t . I n t h i s i n s t a n c e t h e l a b e l l i n g p a t t e r n s a r e v e r y 

d i f f e r e n t ( c f . s i m i l a r i t i e s i n r a d i o i s o t o p e - l a b e l l i n g RNA, C h a p t e r 2 , 

F i g u r e 2 0 ) . H o w e v e r , i n b o t h d e v e l o p m e n t a l s y s t e m s t h e r e a r e h i g h 

r a t e s o f s o l u b l e p r o t e i n s y n t h e s i s a t e a r l y a n d s e n e s c e n t s t a g e s o f 

d e v e l o p m e n t . The h i g h r a t e o f p r o t e i n s y n t h e s i s a t e x t r e m e s e n e s c e n c e 

( D a y 6 2 ) i s c o n s i s t e n t w i t h a number o f r e p o r t s o f de novo s y n t h e s i s 

o f d e g r a d a t i v e enzymes ( C h a p t e r 3> ^ i " v ) ' 

I n F i g u r e 3 . 6 t h e r e i s a t h i r d p e a k o f i n c r e a s e d s p e c i f i c 

a c t i v i t y o f s o l u b l e p r o t e i n a p p r o x i m a t e l y m i d - w a y i n d e v e l o p m e n t . 

N o t o n l y i s t h i s c o n s i s t e n t m t h t h e r e s u l t s o f H e d l e y a n d S t o d d a r t 

(1972b) f o r t e m p o r a l d e v e l o p m e n t o f L o l i i i m t e m u l e n t u m b u t a l s o i t 

c o i n c i d e s w i t h a p e r i o d o f i n c r e a s e d RNA s y n t h e s i s ( C h a p t e r 2 , 

F i g u r e 2 . 2 0 ) . I f t h i s p h a s e i s s h o r t - l i v e d ( 2 - 4 d ays i n 

L . t e m u l e n t i i m : H e d l e y a n d S t o d d a r t , 197^'') t h e n i t i s p o s s i b l e t h a t 



FIGURE 3 . 3 

S o l u b l e ( S ) a n d p a r t i c u l a t e ( p ) 

p r o t e i n c o n t e n t s o f f o u r t h l e a v e s 

o f d i f f e r e n t a g e s e j r p r e s s e d 

A . o n a p e r l e a f b a s i s 

B . o n a p e r u n i t a r e a b a s i s . 
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FIGURE 3 . 4 

S o l u b l e ( S ) a n d p a r t i c u l a t e ( p ) 

p r o t e i n c o n t e n t s o f s e c t i o n s a l o n g 

t h e m a t u r e l e a f . 
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FIGURE 3 . 5 

S p e c i f i c a c t i v i t y o f 

r a d i o i s o t o p e - l a b e l l i n g o f 

s o l u b l e ( S ) a n d p a r t i c u l a t e ( P ) 

p r o t e i n s d u r i n g d e v e l o p m e n t o f 

t h e f o u r t h l e a f w i t h t i m e . 
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FIGURE 3 . 6 

S p e c i f i c a c t i v i t y o f 

r a d i o i s o t o p e - l a b e l l i n g o f 

s o l u b l e ( S ) a n d p a r t i c u l a t e ( ? ) 

p r o t e i n s i n s e c t i o n s a l o n g t h e 

m a t u r e l e a f . 
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FIGURE 5 . 7 

A m i n o a c i d c o n t e n t o f f o u r t h l e a f 

o f F . p r a t e n s i s e x p r e s s e d 

A . o n a p e r l e a f b a s i s 

B . o n a p e r u n i t a r e a b a s i s . 
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FIGURE 3.8 

A m i n o a c i d c o n t e n t o f s e c t i o n s a l o n g 

t h e m a t u r e l e a f . 

FIGURE 3.9 

S p e c i f i c a c t i v i t i e s o f 

r a d i o i s o t o p e - l a b e l l i n g o f 

a m i n o a c i d p o o l s i n s e c t i o n s 

a l o n g t h e m a t u r e l e a f . 
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FIGURE 3.10 

S p e c i f i c a c t i v i t i e s of 

r a d i o i s o t o p e - l a b e l l e d pools 

i n the development of the 

f o u r t h l e a f . 
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i n the sampling of d i f f e r e n t aged l e a v e s from F . p r a t e n s i s i t was 

mi s sed , s i n c e there were up to 7 days between samples. A l t e r n a t i v e l y , 

i t may be such a l o c a l i z e d resurgence of s y n t h e t i c a c t i v i t y that the 

r e l a t i v e i n a c t i v i t y of other areas may d i l u t e out i t s e f f e c t when 

expressed as t o t a l l e a f s p e c i f i c a c t i v i t i e s . The s y n t h e t i c pat tern 

f o r p a r t i c u l a t e p r o t e i n i s very d i f f e r e n t along the l e a f (F igure 3.6) 

when compared with temporal development ( F i g u r e 5.5)- Thi s could a l so 

be exp la ined i f the l a y i n g down of pa(r t i cu la te p r o t e i n was l o c a l i z e d 

i n very young t i s s u e , i . e . , the e f f e c t of e longation and maturation 

wi th lower l e v e l s of p a r t i c u l a t e p r o t e i n s y n t h e s i s e f f e c t i v e l y 

d i l u t e s out the high l o c a l i z e d a c t i v i t y . 

i i i . Quant i ta t i ve es t imat ion 

of the f r e e amino a c i d pool . 

I n both developmental systems there i s an i n c r e a s e i n f r e e 

amino a c i d s a t i n c i p i e n t senescence. T h i s may r e s u l t from an increased 

degradat ion of p r o t e i n s i n excess of s y n t h e s i s (even though t h i s i s 

enhanced a t t h i s t ime) . The amino a c i d s may accumulate p r i o r to 

t r a n s l o c a t i o n and redeployment to younger p a r t s of the p l a n t . 

F o l l o w i n g the i n c r e a s e i s a f i n a l dec l ine which co inc ides with the 

f i n a l s tages of senescence when p r o t e i n s y n t h e s i s i s very low. 

The e a r l y i n c r e a s e i n f r e e amino a c i d pool ( p a r t i c u l a r l y not iceable 

a t Day 29> F i g u r e 3*7) may r e s u l t from i n c r e a s e d metabolism of pro te in . 

i v . Radioisotope l a b e l l i n g 

of the f r e e amino a c i d pool . 

The i n c r e a s e i n s p e c i f i c a c t i v i t y of the amino a c i d pool a t 

very l a t e senescence i s shown by both developmental systems ( F i g u r e s 3*9 

and 3-10). I t has been suggested f o r b a c t e r i a that anabolism 

p r e f e r e n t i a l l y u t i l i z e s the breakdown products of catabol ism 

( i J i e r l i c h , I967; see Chapter 2, I I I i i ) . I f t h i s could be extended to 

the p r e f e r e n t i a l t r a n s l o c a t i o n ( f o r redeployment) of the products of 
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catabo l i sm then the e levated s p e c i f i c a c t i v i t i e s of rad io i so tope-

l a b e l l e d amino a c i d pools cotild be thus expla ined . The increased 

s p e c i f i c a c t i v i t y a t Day 42 ^.Figure 3. IO) may be i n d i c a t i v e of t h i s 

p r e c u r s o r a l pre ference and may, i n a d d i t i o n , provide the answer to 

the m i s s i n g peak of p r o t e i n s y n t h e t i c a c t i v i t y o c c u r r i n g , as i t does, 

approximately mid-way i n development, corresponding to the increased 

UNA s y n t h e t i c l e v e l s shown i n F i g u r e 2.20 and i n d i c a t e d equ ivoca l ly 

i n F i g u r e 5.11 ( a l l p a r t i c u l a t e and one so luble peak showing increased 

r e l a t i v e s y n t h e s i s ) . 

V . Radioisotope l a b e l l i n g 

of p r o t e i n f r a c t i o n s . 

F o u r major so lub le p r o t e i n s and three major p a r t i c u l a t e 

p r o t e i n s were c l e a r l y d i s t i n g u i s h e d at a l l ages. T h e i r r e l a t i v e 

syntheses were est imated by measurement of the radio i sotope l a b e l 

present i n them compared with the t o t a l radio i sotope l a b e l enter ing 

the g e l . The p r o f i l e s show s t r i k i n g s i m i l a r i t i e s . There are two 

predominant types of phas i c s y n t h e s i s apparent f o r these p r o t e i n s , 

both c o n s i s t i n g of two per iods of increased s y n t h e s i s . One shows 

e a r l y and l a t e phases , as exempl i f ied by so lub le pro te ins 1, 2 and 4> 

and the second shows an e a r l y and a mid-developmental phase, as 

e x e m p l i f i e d by a l l the p a r t i c u l a t e pro te ins and by so luble pro te in 3. 

These r e s u l t s may be i n d i c a t i v e of three s y n t h e t i c phases, the f i r s t 

corresponding to o v e r a l l c e l l u l a r synthes i s and p r o v i s i o n f o r normal 

metabolism, the second maybe represent ing a maintenance and 

replacement of e x i s t i n g p r o t e i n cons t i tuents (mostly p a r t i c u l a t e ) 

and the t h i r d phase r e p r e s e n t i n g a de novo s y n t h e s i s of degradative 

s o l u b l e enzymes. 

v i . Summary. 

Although three peaks of increased pro te in synthes i s were not 

apparent i n whole l e a f ageing (F igure 3.5) the r e l a t i v e syntheses of 

p a r t i c u l a r p r o t e i n s would suggest three phases of increased synthe t i c 

a c t i v i t y ( F i g u r e 3-11). I n the development along the l e a f evidence 
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i s presented of three phases of i n c r e a s e d p r o t e i n synthes i s i n 

s o l u b l e p r o t e i n a t l e a s t (F igure 3«6) . Amino a c i d s i n c r e a s e p r i o r 

to t r a n s l o c a t i o n a t e a r l y senescence ( F i g u r e s 3.7, 3«8 ) . The s p e c i f i c 

a c t i v i t i e s o f the amino a c i d pools i n c r e a s e d a t l a t e senescence 

( F i g u r e s 3.9, 3-10) perhaps as a r e s u l t o f p r e f e r e n t i a l t r a n s l o c a t i o n 

of products of catabol i sm. At l e v e l s of decreased incorporat ion of 

r a d i o i so t o p i c a l l y - l a b e l l e d amino a c i d s into p r o t e i n the siz-esof 

amino a c i d pools were not the l i m i t i n g f a c t o r s . 
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Chapter 4. Enzymes and develoiament of leaves, 

of F e s t u c a p r a t e n s i s . 

I . I n t r o d u c t i o n 

i . E a r l y events 

i i . L i g h t e f f e c t s 

i i i . Phase of m a t u r i t y 

i v . Senescence 

V . Enzyme l o c a t i o n . 

I I . Methods 
i . E x t r a c t i o n f o r assay of so lub le enzymes 

i i . PAGE of isoenzymes 

i i i . ATPase 
A. a . t e s t - tube assay 

b. c a l c u l a t i o n of enzyme a c t i v i t y 

_c. d i v a l e n t ion requirement 

d. pH opt imizat ion 

_e. s p e c i f i c i t y towards ATP 

f . c a l c u l a t i o n of K and V 

£ . optimal ilg 

h. response to enzyme concentrat ion 

B. PAGE as say . 

i v . RNAse 
A. a. t e s t - tube assay 

b. c a l c u l a t i o n of enzyme a c t i v i t y 

£ . pH opt imizat ion 

d. subs tra te opt imiza t ion 

_e. response to enzyme concentrat ion 

B . PAGE as say . 
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V . Pyrophosphatase 

A. a. t e s t - tube assay' 

h. ca lcx i la t ion of enzyme a c t i v i t y 
2+ 

_c. pH opt imizat ion and Mg requirement 
2+ 

d. optimal Mg 
e. c a l c u l a t i o n of K„ and V 
— in max 
f . response to enzyme concentrat ion 

B. PAGE assay . 

v i . Phosphatase 

A. a . t e s t - tube assay 

b. c a l c u l a t i o n of enzyme a c t i v i t y 
2+ 

_c. pH opt imizat ion and Mg requirement 
d. c a l c u l a t i o n of K and V 
— m max 
e. response to enzyme concentrat ion 

B. PAGE assay 

a. a c i d phosphatase 

b. a l k a l i n e phosphatase. 

v i i . Phosphodiesterase 

A. a. t e s t - tube assay 

b. c a l c u l a t i o n of enzyme a c t i v i t y 

_c. pH opt imizat ion 

d. c a l c u l a t i o n of K and V 
- m max 

v i i i . L o c a t i o n of enzymes 
a. sucrose dens i ty gradient c e n t r i f u g a t i o n 

b. d i f f e r e n t i a l c e n t r i f u g a t i o n . 

i x . Assays of other enzymes used as c y t o l o g i c a l markers 

a. c a t a l a s e 

b. NAD-cytochrome C oxidoreductase 

_c. succ ina te dehydrogenase 

d. u r i c a s e . 
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I I I . Exper imenta l work. 

i . Enzymes of phosphorus metabolism during development 

i i . Isoenzyme p a t t e r n s dur ing development 

i i i . Enzyme l o c a t i o n . 
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I . I n t r o d u c t i o n . 

Enzymes are n e c e s s a r i l y invo lved i n developmental control and 

have taken on an even more c e n t r a l r o l e with the r e a l i s a t i o n that 

the r a t e s of catabol ism are as important as the r a t e s of anabolism 

i n , t h e r e g u l a t i o n of gene ac t ion (Trewavas, 1976). Nucleases w i l l 

t h e r e f o r e be i m p l i c a t e d i n control of gene express ion . Nuc le i c ac ids 

t u r n over a t d i f f e r e n t r a t e s i n d i f f e r e n t spec ies ( L i n et a l . , 1976; 

Trewavas, 1970; G r i e r s o n , 1976), and Dove (1973) has suggested that 

d i f f e r e n t nuc l ease s are re spons ib l e f o r the r e g u l a t i o n of d i f f e r e n t 

n u c l e i c a c i d s . Ribonucleases may a c t i n a degradative ( E e s s l e r and 

Enge lberg , 1962; Bagi and F a r k a s , 1967; Dove, I967; Lewington et a l . , 

1967) o r s y n t h e t i c f a s h i o n (Barker and Douglas, 196O; Reddi, 1959) 

and may a c t a t a number of d i f f e r e n t l e v e l s or may be compaxtmented 

such tha t t h e i r ac t ion i s r e s t r i c t e d . I n add i t i on to r ibonucleases a 

number of o ther enzymes may regula te n u c l e i c a c i d l e v e l s by h y d r o l y s i s 

( f o r example, phosphatases and phosphodies terases ) . I n most s tudies the 

l a t t e r has not been d i s t i n g u i s h e d from K R A - s p e c i f i c enzymes (TSyen 

et a l . , 1969)* Pyrophosphatases have been impl i ca ted as important i n 

development i n that t h e i r a c t i v i t i e s r e s u l t i n s h i f t s i n the production 

of ATP. K o m b e r g (1962) noted that b i o s y n t h e t i c pathways f o r n u c l e i c 

a c i d s , p r o t e i n s , l i p i d s and carbohydrates had at l e a s t one synthet i c 

r e a c t i o n r e l e a s i n g pyrophosphate. Ac id pyrophosphatase has been 

a s s o c i a t e d with c a t a b o l i c processes and a l k a l i n e pyrophosphatase with 

a n a b o l i c processes (Naganna and S r i p a t h i , 1954; Parups, 1976). 

ATPase, w i th i t s c r i t i c a l r o l e i n membrane-mediated transport and ATP 

p r o v i s i o n (Raghavendra and Das, 1978) i s a l s o l i k e l y to have important 

consequences i n development. Although a number of other enzymes have 

been shown to p lay important r o l e s i n the determination of development -

f o r example, g lutanine synthetase a c t i v i t y i s important i n i t s r o l e of 

c o n v e r t i n g n i trogen r e l e a s e d from pro te in h y d r o l y s i s into t rans loea tab le 

g l u t a n i n e (Skorey and Beevers , 1978) and the concomitant change i n l e a f 

s t a t u s from s i n k to source (Ryle and Powe l l , 1972) - the r e l a t i o n s h i p 

o f phosphorus metabolism to ontogenetic contro l must be c r u c i a l . 
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E a r l y events . 

Germination i n v o l v e s r a p i d i n c r e a s e s i n a nximber of enzyme 

a c t i v i t i e s r e s u l t i n g from a c t i v a t i o n and inxiuction (see Chapter 3)« 

Thomas (l9764> found that the i n c r e a s e i n phosphatase dur ing germination 

was p a r t i a l l y i n s e n s i t i v e to cyclohexamide and that t h i s form of 

enzyme was p a r t i c l e - b o u n d . Y a t s u and J a c k s (1968) noted the presence 

of a c i d phosphatase i n p r o t e i n bodies of dry cotton seeds. Hydration 

may r e s u l t i n i t s a c t i v a t i o n . De novo s y n t h e s i s does occur concurrent ly wi t i 

t h i s a c t i v a t i o n ( S h a i n and I£ayer, I968; Thomas, I9764). A l l but one of 

the n i n e isoenzymes of a c i d phosphatase i n germinating l e t t u c e seeds 

were p r e s e n t i n the dry seeds (Meyer et a l . , 1971)• Stoddart et a l . 

(1973) observed an a c i d phosphatase isoenzymic s h i f t dur ing the f i r s t 

12 h. o f b a r l e y germination from a slow moving form to two fas ter-moving 

forms ( i n e l e c t r o p h o r e t i c s e p a r a t i o n ) suggest ive of m o b i l i z a t i o n by 

d i s s o l u t i o n of h igh molecular weight aggregates or a s s o c i a t i o n s . 

Naganna and S r i p a t h i (l954) found i n c r e a s e s i n a c i d phosphatase and 

both a c i d and a l k a l i n e pyrophosphatases i n germinating wheat 

presumed to have a c a t a b o l i c f u n c t i o n i n the m o b i l i z a t i o n of food 

r e s e r v e s f o r germinat ion. A new so lub le ATPase appears 24 - 48 h. a f t e r 

l e t t u c e seed germination (Meyer et a l . , 1971) but independent o f p r o t e i n 

s y n t h e s i s , Meyer e t a l . ( l97l) provide equivocal suggestions that t h i s 

a r i s e s from r e l e a s e o f a p a r t i a l l y i n a c t i v e p a r t i c u l a t e phosphatase. 

RNAse a c t i v i t y has been shown to i n c r e a s e i n germinating peas (Barker 

and Douglas , 196O) and b a r l e y coleopii les (Ledoux et a l . , I962); 
however, G r e l l e b t e t a l . , (1968) noted simultaneous i n c r e a s e i n RNA 

and RNAse i n V i c i a s a t i v a embryos with an i n c r e a s e i n RNAse but 

d e c l i n e i n RKA of the cotyledons. 
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i i . L i g h t e f f e c t s . 

There are a number of novel enzymes which a r i s e from l i g h t 

treatment and the a c t i v i t i e s of many others axe modif ied d r a s t i c a l l y 

by l i g h t (Marcus, I96O; K e i s t e r et a l . , 1962; Kagawa et a l . . 1973). 

One of the most s t r i k i n g i n c r e a s e s i n a c t i v i t y i s that of 

polyribosome a s s o c i a t e d RNAse i n l u p i n seedl ings which may be up to 

a twofold i n c r e a s e (Acton et a l . , 1970)« T h i s observat ion i s 

c o n s i s t e n t wi th the degradat ive f u n c t i o n of RKAse s ince growth has 

been i n h i b i t e d by l i g h t . TJdvardy et a l . (1967) found l i g h t i n h i b i t e d 

p a r t i c l e - b o u n d RKAses but s t imulated t o t a l RNAse a c t i v i t y i n Avena 

l e a v e s . The p a r t i c u l a t e REAse was mostly a s s o c i a t e d with c h l o r o p l a s t s . 

ATPase a c t i v i t y i n c r e a s e d by 72^ i n greening bean l e a v e s and 
2+ 

developed a requirement f o r Mg (Gregory and Bradbeer, 1975) 

resembl ing the a c t i v i t y reported f o r greening 

(McCarty and Racker , I968) but the short time requ ired f o r t h i s i n c r e a s e 

suggests that i t r e s u l t e d from a c t i v a t i o n r a t h e r than de novo 

s y n t h e s i s . A l k a l i n e pyrophosphatase a c t i v i t y c o r r e l a t e s with increased 

p r o t e i n s y n t h e s i s i n bean l e a f d i s c s and i s a s s o c i a t e d with ch lorophy l l 

i n c r e a s e i n cucumber cotyledons (Rauser , 1971)• Ac id phosphatase 

a c t i v i t y doubled i n the f i r s t 10 h. of i l lv iminat ion i n l e a v e s o f 

L . temulentum (Hedley and Stoddart , 1972^. 

i i i . Phase of matur i ty . 

Enzymes a s s o c i a t e d with r a p i d growth and high metabol ic 

a c t i v i t y d e c l i n e a t maturat ion. A c i d RNAse d e c l i n e s vrith c e s s a t i o n 

of p r o t e i n s y n t h e s i s i n f i r s t s e e d l i n g l e a v e s of bar ley ( L a z a r and 

&ecreA<ie% relative to 

F a r k a s , 1970). A l k a l i n e pyrophosphatase t&««.s i*B dominanoe &^fe=c 

a c i d pyrophosphatase i n f u l l y grown bean l e a v e s as subsequent l e a v e s 

develop (Naganna and S r i p a t h i , 1954)' Leaves developing t r a n s l o c a t i o n 

f u n c t i o n show i n c r e a s e d a c i d pyrophosphatase a c t i v i t i e s (Naganna and 

S r i p a t h i , 1954; K a r and Mishra , 1975). 
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i v . Senescence. 

Although caut ion has a l r e a d y been appl i ed to i n t e r p r e t a t i o n of the 

r e s u l t s obtained i n ageing s t u d i e s p a r t i c u l a r l y concerning the 

r e l a t i o n s h i p of detached and at tached t i s s u e , i t i s even more c r i t i c a l 

to the i n t e r p r e t a t i o n of enzyme a c t i v i t i e s ( see Chapter 5)« I n vivo 

r e s u l t s would suggest tha t RNAses and a c i d phosphatases i n c r e a s e 

markedly a t senescence ( L a z a r and Parkas , 1970; I>IcHale and Dove, 1968j 

P a r i s h , 1968 ; Hedley and Stoddart , 1972t);Yatsu and J a c k s , 1972). 

Chromatin a s s o c i a t e d Rl^Ase i n c r e a s e d with the progress of 

senescence i n b a r l e y f i r s t l e a v e s as the second l eaves s t a r t e d to 

grow ( S r i v a s t a v a , I968 a ) w h i l s t so luble RNAse decreased and only 

i n c r e a s e d a t very l a t e s tages of senescence. Baumgartner and Malile 

(1977) observed dramatic changes i n the proport ions of isoenzymes of 

RNAse dur ing the course of morning g lory p e t a l senescence with two 

isoenzymes i n c r e a s i n g and two d isappear ing . The RNAse i n c r e a s e i s a t 

l e a s t p a r t i a l l y due to de novo s y n t h e s i s as shown by dens i ty l a b e l l i n g 

s t u d i e s (Baximgartner et a l . , 1975; Sacher and Davies , 1974) and work 

wi th i n h i b i t o r s (DeLeo and Sacher , 1970; Thomas, 1975)-

Both a l k a l i n e and a c i d pyrophosphatases dec l ine with age i n 

sunf lower and tobacco l e a v e s and cucumber cotyledons, but the a l k a l i n e 

pyrophosphatase d e c l i n e showed a c l o s e r c o r r e l a t i o n with ch lorophyl l 

d e c l i n e (Rauser , 1971) and with i n c r e a s e s of c a t a b o l i c enzymes 

(Lewington et a l . , I967). K a r and Mishra (l975) reported a concomitant 

i n c r e a s e i n a c i d pyrophosphatase wi th a decrease i n a l k a l i n e 

pyrophosphatase i n senescence of both at tached and excised r i c e 

l e a v e s . K i sban et a l . (1964) a l so found a reduced a l k a l i n e to a c i d 

pyrophosphatase r a t i o i n wheat and bar ley l e a f senescence. 

V . Enzyme l o c a t i o n . 

There i s evidence to suggest that the primary c y t o l o g i c a l l o c a t i o n 

of many enzymes changes during development or more s p e c i f i c a l l y that 

d i f f e r e n t isoenzymes, which are d i f f e r e n t l y l o c a t e d , are dominant at 
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d i f f e r e n t s tages . As has a l ready been mentioned, chromatin-assoc iated 

ENAse i s more a c t i v e than so lub le ENAse i n senescence ( S r i v a s t a v a , 

1968 b ) and dominant ATPase a c t i v i t y changes from.-a p a r t i c u l a t e to a 

s o l u b l e c e l l u l a r l o c a t i o n dur ing the f i r s t 72 h . o f germination of 

l e t t u c e seeds (Meyer et a l . , 1971)• 
S i m i l a r l y , the i n c r e a s e i n a c i d phosphatase with age has been 

found to be r e s t r i c t e d to the p a r t i c u l a t e f r a c t i o n (Udvardy et a l . , 

1969). The c e l l u l a r l o c a t i o n of the enzymes T inde r i n v e s t i g a t i o n was 

e s t a b l i s h e d i n order to d i s t i n g u i s h a g e - r e l a t e d s h i f t s i n l o c a t i o n . 

N e u t r a l ATPases are g e n e r a l l y considered to be a s s o c i a t e d with the 

plasma membrane ( f o r example. W i n t e r - S l u i t e r et a l . , 1977) send 

a l k a l i n e ATPases may be of mitochondria l o r i g i n (Leonard and 

H o t c h k i s s , 1978). 
Approximately 80/« RNAse i s so luble (Lyndon, I966; Gibson and 

P a l e g , 1972). Vacuoles or l y sosome- l ike v e s i c l e s have been impl i ca ted 

as the s i t e f o r so lub le a c i d RNAses. Ac id RNAses have a l so been 

observed i n mitochondria l l o c a t i o n (Wilson and Shannon, 19^3; 

Maiile, 1966; Ma^e . ' and Ivbor, 1968; L e i g h , 1978 personal communication). 

The a l k a l i n e ENAses have f r e q u e n t l y been observed as be ing p a r t i c u l a t e 

( M a t s u s h i t a and I b u k i , 196O; Reddi and i iauser , 1965; Semadeni, 1967)-
The l a t e n c y of enzymes a t d i f f e r e n t stages may a l t e r . 

P a r i s h (I968) and PdrLe (l959) noted that peroxidase a c t i v i t y could 

be r a i s e d i n young p l a n t t i s s u e to almost mature l e v e l s by f r e e z i n g 

and thawing or a p p l i c a t i o n of an ion ic detergents . 
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I I . Methods . 

i . E x t r a c t i o n f o r assay o f s o l u b l e enzymes. 

L e a f t i s s u e was homogenized i n a p e s t l e and m o r t a r w i t h t h r e e 

t i m e s i t s volume o f e x t r a c t i o n b u f f e r w i t h a p p r o x i m a t e l y (w/?) 

sand and 1.6^ (w/v) PVP. The e x t r a c t i o n b u f f e r c o n s i s t e d o f ' 

50 mil. T r i s - H C l pH 7 .6 

5 mM. magnesitun su lpha te 

15 mM. po tass ium c h l o r i d e 

2 mM. m e r c a p t o e t h a n o l . 

The homogenate was c e n t r i f u g e d a t 1,000 g. f o r 10 m i n . a t 4 °C . 

i n a MSE bench c e n t r i f u g e . A l i q u o t s o f the supe rna t an t were used f o r 

ATPase e s t i m a t i o n w i t h o u t f u r t h e r p u r i f i c a t i o n . The 1,000 g . 

s u p e r n a t a n t was c e n t r i f u g e d a t 20,000 g. f o r 20 m i n . i n an lEC 

I n t e r n a t i o n a l r e f r i g e r a t e d c e n t r i f u g e I todel PR-2 ( i n t e r n a t i o n a l 

Equipment Co. , Needham H t s . L'lass. , USA) u s i n g a 6x7 ml* ang le r o t o r 

(295 h e a d ) . A l i q u o t s o f t h i s superna tan t were used d i r e c t l y on PAGE 

a f t e r m a k i n g to 10$^ (W/v) w i t h sucrose . F u r t h e r a l i q u o t s were used 

i n Lowry p r o t e i n e s t i m a t i o n f o l l o w i n g p r e c i p i t a t i o n w i t h 

t r i c h l o r o a c e t i c a c i d and d i g e s t i o n w i t h sodium h y d r o x i d e (as d e s c r i b e d 

i n Chapte r 3> H i i i ) » 

The s u p e m a t a n t s were d e s a l t e d by passage t h r o u g h Sephadex G-25 

(medium) columns ( i J x O . S cm. ; v o i d volume = 4 m l . ) , w i t h o u t r e s t r i c t i n g 

f l o w then e l u t e d . w i t h b u f f e r c o n t a i n i n g 

10 mM. T r i s - H C l pH 7 .6 

1 mM. magnesium su lpha te 

3 mM. po tass ium c h l o r i d e 

and c o l l e c t e d i n f o u r t imes the o r i g i n a l volume. D e s a l t i n g p r o v i d e d 

up to 4.00^ improvement i n enzyme a c t i v i t y . These e l u a n t s were used 

\ i n d i l u t e d ' f o r a l l o t h e r enzyme assays. The 20,000 g. p e l l e t was 

combined w i t h t h e 1,000 g . p e l l e t f o r c h l o r o p h y l l e s t i m a t i o n . 
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i i . PAGE o f isoenzymes. 

A m o d i f i e d s l a b g e l system, s i m i l a r t o t h a t d e s c r i b e d by 

P r i c e ( 1 9 6 8 ) and i l l u s t r a t e d and d e s c r i b e d . i n d e t a i l by Hedley (1971) 

was adop ted . The ffo (w/v) a c r y l a m i d e ge l s o l u t i o n was made up by 

m i x i n g 

7^ (W/v) "Cyanogum 4 I " ) a d j u s t e d to pH 9 

7 6 . 3 mM. T r i s j w i t h 1.0 M. c i t r i c a c i d 

O.^fo ( V / V ) TEMED 

0 . 1 ^ (w/v) ammonium p e r s u l p h a t e . 

S labs ( 7 . 5 x 7 - 5 x 0 . 3 cm.) were poured ( w h i l s t h o r i z o n t a l ) and 

c o n t a i n e d by perspex ' f o r m e r s ' made w a t e r - t i g h t w i t h s i l i c o n e grease. 

A t the e v e n t u a l uppe r end, the perspex f o r m e r was s l o t t e d so as to 

p r o v i d e s i x l a n e s ( 0 . 8 cm. w i d e ) f o r sample a p p l i c a t i o n . A g l a s s 

f r o n t p l a t e was p l a c e d c a r e f u l l y o v e r the s e t t i n g g e l so as to 

exc lude a i r b u b b l e s . The f r o n t and back p l a t e s were clamped t o g e t h e r . 

Once t h e g e l had p o l y m e r i z e d the upper and l o w e r ' f o r m e r s ' were 

removed and excess a c r y l a m i d e scraped away o r washed o f f w i t h 

' r u n n i n g b u f f e r ' c o n t a i n i n g 

30 mM. b o r i c a c i d a d j u s t e d to pH 9.O 

w i t h 2 .5 M. NaOH. 

S t r i p s o f a c r y l a m i d e g e l the w i d t h o f t h e s lab and 0 . 5 cm. wide 

were l a y e r e d across t h e t op o f t h e s l o t t e d end o f the s l ab ge l so as 

t o f o r m enc losed c o m p a r t m e n t s " f o r sample a p p l i c a t i o n . The PAGE g e l s 

were h e l d v e r t i c a l l y between two perspex t r o u g h s , the l o w e r end 

immersed i n ' r u n n i n g b u f f e r ' c o n t a i n i n g an anod ic p l a t i n u m e l e c t r o d e . 

1 3 cm. w i c k s o f t h r e e l a y e r s o f Whatman No. 3 chromatography paper 

( 7 . 5 cm. w ide ) were soaked i n ' r u n n i n g b u f f e r ' and then eased between 

t h e f r o n t and back p l a t e s u n t i l f l u s h w i t h the s t r i p o f g e l 

o v e r l a y i n g the s l a b . The o t h e r ends o f the w icks were immersed i n 

' r u n n i n g b u f f e r ' c o n t a i n e d i n t h e c a t h o d i c chamber. 

50 - 100 / i l . samples were a p p l i e d to the compartmented s u r f a c e 

o f t h e g e l . E l e c t r o p h o r e s i s was c a r r i e d o u t u s i n g a power pack se t 

a t c o n s t a n t c u r r e n t mode p r o v i d i n g 15 inA. p e r g e l ( r e s u l t i n g i n a 
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p o t e n t i a l d i f f e r e n c e o f about 320 V . ) a t 4 ° C . , u n t i l t he i o n i c 

f r o n t ( v i s u a l i z e d by c o - e l e c t r o p h o r e s i s w i t h bromophenol b l u e ) was 

1 cm. f r o m t h e l o w e r end o f the g e l ( u s u a l l y about 3 li« ) • 

P r i o r t o e l e c t r o p h o r e s i s , g e l s c o u l d be s t o r e d f o r up to 

36 h . w i t h t h e ' f o r m e r s ' s t i l l i n p o s i t i o n , i n c l o s e d c o n t a i n e r s 

a t 4 ° C . 

i i i . ATPase (EC 3. 6. 1 . 3) 

ATPase 
ATP ;̂  " ADP + P 

1 

A . a. T e s t - t u b e assay 

P o r each sample two tubes were p r e p a r e d c o n t a i n i n g 
f i n a l 

c o n c e n t r a t i o n 

150 p i . 100 mM. c i t r a t e b u f f e r pH 5 

( S ^ e n s e n ) 60 mM. 

50 50 ml*l. ATP 10 ml.!. 

25 J i l . 100 mil. c a l c i u m n i t r a t e 10 mM. 

o r 25 p i . 100 mM. magnesium s u l p h a t e 10 mM. 

o r n e i t h e r o f these l a s t two. 

The ATP was made as a 5 n i l . s t o c k s o l u t i o n o f 50 mM. i n water 

s a t u r a t e d w i t h sodium b i c a r b o n a t e to pH 6. 

To one o f the d u p l i c a t e tubes 25 p i . enzyme e x t r a c t (c rude 

1,000 g . s u p e r n a t a n t ) were added, t o g i v e a f i n a l assay volume o f 

250 yUl. B o t h tubes were i n c u b a t e d a t 37°C. f o r 10 min . The r e a c t i o n 

was t e r m i n a t e d by a d d i t i o n o f 5OO p .1. ammonium molybdate (2 mM. i n 

5 M. s u l p h u r i c a c i d ) . 25 p i . enzyme e x t r a c t was added to the second 

assay tube ( c o n t r o l ) f o l l o w i n g the a d d i t i o n o f the ammonium molybda te . 

200 pil . F i s k e SubbaRow reduce r ( B a r t l e t t , 1959 - see be low) were added 

and t h e m i x was made up to 5*0 inl. w i t h d i s t i l l e d v/ater. The - ^ ^ ^ 'was 

r e c o r d e d . E s t i m a t i o n o f ATPase a c t i v i t y was expressed as P^ r e l e a s e d 

w i t h r e f e r e n c e to a c a l i b r a t i o n curve c o n s t r u c t e d u s i n g R a ^ O ^ . 12H2O 

( F i g u r e 4 . 1 ) . 



FIGURE 4.1 

C a l i b r a t i o n o f absorbance a t 719 

f o r r e l e a s e d phosphorus (P^^). 

TABLE 4.1 

D i v a l e n t i o n r e q u i r e m e n t . L e f t hand column 

i n d i c a t e s the assay c o n d i t i o n s , -^y^^ i s 

t h e absorbance o f the assay to w h i c h 

enzyme e x t r a c t has been added. A ^ ^ ^ B l k i s 

t h e c o n t r o l , enzyme added a f t e r c o m p l e t i o n 

o f i n c u b a t i o n , and ^ • ] ^ d i f f e r e n c e 

be tween these two v a l u e s . 



FIGURE A.I 

T A B L E 4.1 

A 719 A719 Blk AA719 

buffer blank 0-10 0 10 0 

9+ 9+ 
- Mg^ - Cdt- 0-31 0-25 0 0 6 

0 45 0-25 0-20 • 

0 A 5 0-26 0-19 

* Mg2* + Ca^* 0-40 0-24 0-16 
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The Piske-Subbafiow r e d u c e r c o n s i s t e d o f 

10 mM. aminonaph tho l s u l p h o n i c a c i d 

40 mM. sodium s u l p h i t e 

made up i n 790 mM. sodium m e t a b i s u l p h i t e . 

The r e d u c e r was f i l t e r e d t h r o u g h Whatman No. 1 chromatography 

paper p r i o r to use and was made up f r e s h every f o r t n i g h t , 

b . C a l c u l a t i o n o f enzyme a c t i v i t y . 

1 pmole ?^ i n 5.0 m l . g i v e s A ^ ^ ^ = 0.875 

Since ATP + H"̂  + O H " ADP + P^ 

ATPase a c t i v i t y can be o b t a i n e d as f o l l o w s : 

40 X X 
U . m l " ' ' - . 5 

10 xO.875 
4.57X 

where x = assay. 

_c. D i v a l e n t i o n r e q u i r e m e n t . 

Assays were c a r r i e d o u t i n t h e presence o r absence o f 

10 mM. magnesium suphate o r 10 mliS. c a l c i u m n i t r a t e as shown i n 

Tab le 4«1 . A l l subsequent assays i n c l u d e d 10 mJJ, magnesium s u l p h a t e . 

A c e r t a i n amount o f c o m p e t i t i v e i n h i b i t i o n o c c u r r e d when b o t h 

c a t a l y t i c i o n s were added a t 5 

d . pH o p t i m i z a t i o n . 

U s i n g b u f f e r s r a n g i n g f r o m pH 3 to pH 10 assays were c a r r i e d 

o u t a t f i n a l pH 4 t o pH 8 ( T a b l e 4 .2 , F i g u r e 4 .2 ) . 

A l l subsequent assays were conducted a t pH 5.O u s i n g 100 mJJ. 

c i t r a t e b u f f e r (Sjzi'renson). 

_e. S p e c i f i c i t y towards ATP. 

50 mM. s o l u t i o n s o f ADP and AMP were prepared i n a s i m i l a r 

way to t h e p r e p a r a t i o n o f s t o c k ATP s o l u t i o n s and were used i n 

p l a c e o f ATP i n i n c u b a t i o n s as i n d i c a t e d i n Table 4.3' 
f • C a l c i a a t i o n o f K_ and 7 . . — m max 

S e v e r a l ATP c o n c e n t r a t i o n s were i n t r o d u c e d i n t o the assay 

( F i g u r e 4. 3 A ) . A L i n e w e a v e i v B u r k p l o t (Lineweaver and B u r k , 1954) 

was c o n s t r u c t e d ( F i g u r e 4.3 B ) and the f o u n d to equal 3.6 mM. 
and t h e V = 4.7 TJml ." ' ' . A l l subsequent assays i n c l u d e d 10 mM. ^ t P . 

max 



TABLE 4 . 2 

ATPase a c t i v i t y as e s t i m a t e d by P^ r e l e a s e 

under d i f f e r e n t pH assay c o n d i t i o n s ( f i n a l 

p E ) . The d i f f e r e n t c o m p o s i t i o n s o f b u f f e r s 

had d i f f e r e n t e f f e c t s on t h e f i n a l pH 

as i n d i c a t e d . 

FIGURE 4 . 2 

ATPase a c t i v i t y under d i f f e r e n t pH assay-

c o n d i t i o n s , 

• • the r e s u l t s o f t h e use o f Sj^rensen 

c i t r a t e and Gomori T r i s - H C l b u f f e r s 

the r e s u l t s f r o m t h e use o f 
A A S^rensen g l y c i n e . K a O H b u f f e r s . 



TABLEA.2 

c 
(L> 

buffer 
PH 

f i nal 
pH 

A A7-19 enzyme activity 

3 0 A-0 0-60 • 2 7A 

AO A 5 0-7A 3-38 

5 0 5 0 1-27 5-80 

60 60 0-85 3-38 

7 0 6-5 0-58 2-65 

80 8 0 0-29 1 33 

8-5 6 0 0-5A 2-47 

9-5 8 0 0-1 3 0-59 

10 8-5 O i l 0-50 

F I G U R E / . . 2 

50 

AO 

I 30 

rO 20 
CL 

< 
10 

7 8 
pH 



TABLE 4.3 

S p e c i f i c i t y o f ATPase e f f e c t o f 

enzyme e x t r a c t on ATP, ADP and AMP. 

FIGURE 4. 3 A. 

E f f e c t o f s u b s t r a t e ( A T P ) c o n c e n t r a t i o n 

on ATPase a c t i v i t y . 



TABLEA.3 

substete AA719 
enzyme , 
activityUml 

ATP 0-65 2-97 

ADP 0-33 1-51 

AMP 0-15 0-69 

F I G U R E A.3 

A. 

=> 20 

A 6 8 
A T P ( m M ) 

10 



FIGURE 4 .3 B. 

L i n e w e a v e r - B u r k p l o t o f ATPase a c t i v i t y . 

V = U . m l " ' ' 
S = s u b s t r a t e c o n c e n t r a t i o n i n moles . 

FIGURE 4 . 4 

E f f e c t o f magnesium c o n c e n t r a t i o n on 

ATPase a c t i v i t y . 



FIGURE A.3 

FIGURE A.A 

CD 

10 

A 8 12 16 

Mg2*(nnM) 

20 



FIGURE 4 . 5 

E f f e c t o f enzyme e x t r a c t c o n c e n t r a t i o n 

on the assay f o r ATPase. 

FIGURE 4 . 6 

P h o t o g r a p h o f PAGE g e l s t a i n e d f o r 

ATPase a c t i v i t y ( d ) c T r a c k s 1&2 a r e 

s t a i n e d f o r AMPase a n d ADPase r e s p e c t i v e l y . 



FIGUREA.5 

c 03 

10 20 30 AO 

enzyme extract 

F I G U R E A.6 

II 
: ! 
I I 
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2+ £ . O p t i m a l Mg c o n c e n t r a t i o n . 

H a v i n g e s t a b l i s h e d the d i v a l e n t i o n r e q u i r e m e n t (see _c. ) 

t h e o p t i m a l c o n c e n t r a t i o n was a s c e r t a i n e d u s i n g a range o f 

c o n c e n t r a t i o n s ( F i g u r e 4 .4) . Subsequent assays were c a r r i e d o u t 

i n the p resence o f 10 mM. magnesium s u l p h a t e , 

h . Response to enzyme c o n c e n t r a t i o n . 

A number o f enzyme c o n c e n t r a t i o n s were added to the assay i n 

o r d e r t o c o n f i r m c l a s s i c enzymat ic c h a r a c t e r i s t i c s ( F i g u r e 4 .5 ) . 

B. PAGE assa;y. 

F o l l o w i n g e l e c t r o p h o r e s i s t h e s l ab g e l s were i n c u b a t e d o v e r n i g h t 

i n a m i x t u r e o f 

9.4 mM. ATP 

1 mM. magnesium s u l p h i t e 

50 mM. c a l c i u m n i t r a t e 

20 mM. T r i s - H C l pH 7.5 

5 mM. magnesium s i i l p h a t e 

125 mM. EDTA ( d i s o d i u m s a l t ) 

1 mM. m e r c a p t o e t h a n o l . 

A s t o c k o f ATP and magnesium s u l p h i t e was made to pH 7.5 w i t h 

NaOH and was added i n equal volume t o a s t o c k c o n t a i n i n g 100 mM. ca l c ium 

n i t r a t e i n p r o t e i n . e x t r a c t i o n b u f f e r (see Chapter 3. I I i ) . The ATPase 

isoenzymes appeared as w h i t e bands o f c a l c i u m phosphate . N e i t h e r the 

i n c l u s i o n o f l e a d n i t r a t e i n the i n c u b a t i o n ( P l a n t B i o c h e m i s t i y , 

J o d r e l l L a b o r a t o i y , Kew, 1978; p e r s o n a l communicat ion) n o r the i n c l u s i o n 

o f ammoni\im s u l p h a t e ( IO g . / l . ) p r o v i d e d any improvement i n the t echn ique 

o r v i s u a l i z a t i o n o f t h e bands. The s p e c i f i t y o f t h i s l o c a t i o n porcedure 

was t e s t e d by s u b s t i t u t i n g ADP and AilP f o r the ATP i n the i n c u b a t i o n 

( F i g u r e 4 . 6 ) . I n the enzyme e x t r a c t t h e r e i s one gene ra l phosphatase ( e •) 

a n o t h e r n o n - s p e c i f i c phosphatase ( c ) and ATPase ( d ) . The genera l 

phosphatases a re p r o b a b l y r e s p o n s i b l e f o r t h e a c t i v i t y r e c o r d e d i n 

Tab l e 4. 3. 
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i v . BNAse. , (EC 2. 7. 7. I6/17) 

RNAse d i s r u p t s a l l i n t e m u c l e o t i d e l i n k a g e s i n RNA v i a 

i n t r a m o l e c u l a r t r a n s p h o s p h p r y l a t i o n . 

The assay was based on the r e l e a s e o f s o l u b l e n u c l e o t i d e s by the 

a c t i o n o f t h e ENAses on RRA. The amount o f a c t i v i t y can be assessed 

by the i n c r e a s e i n absorbance a t A^gQ due t o s o l u b l e n u c l e o t i d e s 

a f t e r p r e c i p i t a t i o n o f the o l i g o n u c l e o t i d e s . 

A . a. T e s t - t u b e assay. 

The i n c u b a t i o n c o n t a i n e d 
125 p i . b u f f e r ( e i t h e r . T r i s - H C l pH 7.5 (Gomori ) 

o r c i t r a t e pH 5.O (S^renson) ) 

125 p i . y e a s t r i b o n u c l e i c a c i d (sodium s a l t ) 

(made up as O.Sjfa (W/v) s o l u t i o n a t 

pH 5.2 w i t h 0.1 M. NaOH) 

50 enzyme e x t r a c t . 

I n c u b a t i o n a t 37°C. was t e r m i n a t e d a f t e r 45 m i n . by the a d d i t i o n 

o f an equa l volume ( i . e . , 3OO p i . ) o f 4OO mM. cadmium su lpha t e 

f o l l o w e d by a f u r t h e r i n c u b a t i o n a t 37°C. f o r 15 m i n . The p r e c i p i t a t e d 

o l i g o n u c l e o t i d e s were removed by c e n t r i f u g a t i o n a t 1,000 g. f o r 5 m i n . 

i n a MSE bench c e n t r i f u g e . 100 p i . o f the supe rna t an t were d i l u t e d 

25 t i m e s ?ri.th d i s t i l l e d wa t e r and the ^260 r e c o r d e d on a Pye-Unicam 

SP 800 s p e c t r o p h o t o m e t e r w i t h r e f e r e n c e t o b o t h "wate r b l a n k s " and 

"no s u b s t r a t e b l a n k s . " 

b . C a l c u l a t i o n o f enz?rme a c t i v i t y . 

I t was f o u n d t h a t 1 pmole NTP i n an e q u i v a l e n t assay volume o f 

0,6 m l . , d i l u t e d and measured i n the manner d e s c r i b e d , gave an 

A26o= 0.26. 
Thus , i f ° ^ sample = x , 

'̂ ^^ _^ 20 X X 

enzyme a c t i v i t y ( U . m l ) = 0.26 x45 
I.709X. 

jc. -pH o p t i m i z a t i o n . 
U s i n g b u f f e r s r a n g i n g f r o m pH 5.2 to pH 10, assays were c a r r i e d 

o u t as shown i n F i g u r e 4.7. 

pH 5 was f o u n d t o be o p t i m a l f o r the assay o f RNAse b u t as t h e r e 

a r e numerous r e p o r t s o f an a l k a l i n e RNAse ( f o r example, Redd i , I966; 



FIGURE 4.7 
E f f e c t o f pH on RlTAse a c t i v i t y . 

FIGURE 4.8 

E f f e c t o f substra te concent ra t ion 

(expressed as 5̂  W/V o f t o t a l assay 

since yeast RKA i s o f heterologous 

molecTilar weight ) on RRAse a c t i v i t y . 
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Wilson , 1968; Birmingham and Maclachlan, 1972; Dove, 1975) estimations 

were also made a t pH 7.O on the p r i n c i p l e tha t i t might manifest i t s e l f 

a t d i f f e r e n t stages o f development (Sahulka, 1971)) a p o s s i b i l i t y ishich 

may have been obscured by us ing ex t rac t s o f complete, f u l l y matured 

leaves. 

d . Substrate o p t i m i z a t i o n . 

Several assays were ca r r i ed out a t d i f f e r e n t substrate 

concentra t ions to f i n d the concentrat ion a t which maximal a c t i v i t y 

( Y . ) occurred , i . e . , s a tu ra t ion . A l l subsequent assays used 0.85^ ( V ^ ) 
in.9.jC 

r i b o n u c l e i c ac id so lu t ions (F igure .4 .8) . 

B PAGE assay. 

The RNAse isoenzyme de tec t ion method was e s sen t i a l l y tha t of 

Wilson (1969). 

F o l l o w i n g e lec t rophores i s , slab gels were incubated at 4°C. i n 

5 mM. c i t r a t e b u f f e r (pH 5.0) f o r 15 min. to b r i n g the pH o f the gel 

to t h a t f o r opt imal RKAse a c t i v i t y . The gels were then incubated f o r 

a f u r t h e r 30 min. i n 0,4 i° (W/v) yeast ENA i n c i t r a t e b u f f e r (pH 5.0) 

a t room temperature. The gels were then immersed f o r 50 s. w i th 

constant a g i t a t i o n i n t o l u i d i n e blue s o l u t i o n (0.2 g. i n 0.5^ (v/v) 

ace t i c a c i d ) . The gels were then plunged i n t o a l a rge volume of 

de - ion ized water to d i l u t e the s t a i n r a p i d l y . Desta ining was achieved 

by several washes o f 75̂  (v/^) ace t i c ac id . Subsequent soaking i n 

bi" (V/V) p e r c h l o r i c ac id (Wilson, I969) d i d no t enhance the banding 

p a t t e r n . Isoenzymes appeared as c lear bands against a background o f 

b lue -b lack RNA sta ined gel (Figure 4.1^). 

The RNAse l o c a t i n g method o f Rosenthal and Lacks (l977) was 

t e s ted . Although l i t t l e success was achieved w i t h slab gels , the 

method was successful when appl ied to rod ge ls . This may be due to 

the increased i n t e n s i t y o f background s t a i n i n g i n the rod gels by 

v i r t u e o f t h e i r thickness which al lowed c leare r de l i nea t ion o f the 

uns ta ined areas. The method works on the p r i n c i p l e tha t RKAse a c t i v i t y 

can be r e s to red a f t e r e lec t rophores is i n SDS, i . e . , denaturing 

c o n d i t i o n s . RNA substrate i s immobil ised on the gel supports by 



FIGURE 4.9 

E f f e c t o f enzyme e x t r a c t concent ra t ion 

on the assay f o r RNAse. 
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FIGURE 4 . 1 0 

Photograph o f RIJAse isoenzymes as 

v i s u a l i z e d by the method m o d i f i e d 

f rom Wilson ( 1 9 6 9 ) as app l ied to 

s l a t PAGE gels . 

FIGURE 4 . 1 1 

Diagram o f RNAse l o c a t i o n on rod gels 

as v i s u a l i z e d by the method o f Rosenthal 

and Lacks ( 1 9 7 7 ) . 

EB = s ta ined by e thidium bromide 

CBB = p r o t e i n s ta ined by coomassie 

B r i l l i a n t Blue 

presumptive RKAse 

F-^ areas o f CBB s t a i n 

iSl f luorescence 

• c lear areas o f RfTAse a c t i o n 

^ opaque band 

H dark opaque band. 
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i n c l u s i o n p r i o r to po lymer iza t ion o f the gel ( u n l i k e the p rev ious ly 

described method where fiNA substrate i s on ly allowed to penetrate 

the gel a f t e r e l ec t rophore s i s ) . Rod o r slab gels were made i n c l u d i n g 

0.002^ (w/v) yeast RNA. Fo l lowing e lect rophoresis i n appropria te 

running b u f f e r s con ta in ing 0.1^ (w/v) SDS and 2 mM. EDTA (disodium 

s a l t ) the gels were washed i n d i s t i l l e d water fo l lowed by incubat ion 

f o r 1 h . i n a mix ture o f 

40 mM. Tris-HCl pH 7.6 

2 mM. magnesium ch lor ide 

0.02^ (W/7) sodium azide 

then a second d i s t i l l e d water wash, and incubat ion overnight a t 30°G. 

to a l l ow f o r r e c o n s t i t u t i o n o f the RTTAse. The gels were then 

t r a n s f e r r e d to another mix conta in ing i n a d d i t i o n 2 mM. calcium 

ch lo r ide and were incubated f o r a f u r t h e r 3 h . at 30°C. 

1 p g . / m l . ethidium bromide was then added and the development o f 

f luorescence under a U.V. source was monitored over 1 h . Figure 4.11 

shows a t y p i c a l band d i s t r i b u t i o n as recorded from rod gels . (These 

gels could not be photographed eas i ly because o f the necessi ty f o r 

U.V. l i g h t . ) . 

V. Pyrophosphatase (EC 3' 6. 1. l ) 

Pyrophosphatase hydrolyses pyrophosphate to orthophosphate. 

A. a. Test- tube assay. 

The determinat ion o f ac id and a l k a l i n e inorganic pyrophosphatase 

a c t i v i t i e s was c a r r i e d out e s s e n t i a l l y by the method o f Ear and 

Mishra (l975) i n con junc t ion w i t h the method o f Stanton (1968) f o r 

the determinat ion o f l i b e r a t e d phosphorus as modi f i ed from B a r t l e t t 

(1959). The methods o f J a f f e and Galston (1966) and Lowry and Lopez 

(1946) f o r phosphorus measurement were compared but the Stanton 

procedure proved the most reproducible and s t r a igh t fo rward . 

The assay mix inc luded 

150/11. c i t r a t e b u f f e r pH 5 

50 75 mM. sodium pyrophosphate 

50 jxl. enzyme ex t rac t 



i o i 

or 100 jil. Tr i s -HCl b u f f e r pE 8 

50 7 5 bM . sodium pyrophosphate 

50 7 5 0 niM, magnesium ch lo r ide 

50 pi, enzyme ex t r ac t . 

Incuba t ion was c a r r i e d out a t 37°C. f o r 10 min. and was 

terminated by a d d i t i o n o f 500 jH. 20 mM. ammonium molybdate i n 

5 M. su lphur i c ac id . I n i t i a l l y , 1 ml . 20^ (v/v) p e r ch lo r i c ac id was 

used to stop the r e a c t i o n and a f t e r c e n t r i f u g a t i o n , a l i quo t s o f the 

c l a r i f i e d supernatant were taken f o r phosphorus es t imat ion . The 

method was s i m p l i f i e d by the a d d i t i o n o f ammonium molybdate d i r e c t l y 

to the i ncuba t ion . 200 jil. Piske-SubbaRow reducer (see I I i i i , A a) 

were added and the incuba t ion was made up to 5 n i l . before c e n t r i 

f u g a t i o n a t 5 , 5 0 0 g. i n a MSE Multex c e n t r i f u g e . The developed colour 

was measured at - ^ ^ ^ ^ V i t a t r o n color imeter and the phosphorus 

concent ra t ion ca lcu la ted by reference to a standard curve constructed 

u s i n g Na^PO^.12H2O (Figure 4 . l ) a f t e r adjustment f o r "no'enzyme" and 

"water b l a n k s . " 

b . Ca?culat ion o f enzyme a c t i v i t y . 
1 p i o l e P^ i n 5 . 0 m l , gives -^-y^^ = 0 . 8 7 5 

20 XX 
U,ml~ pyrophosphatase = 

lOx 0 . 8 7 5 

= 2 . 2 9 X where z = A^^^ assay, 

jc. pH o p t i m i z a t i o n and lig^ requirement. 

The assays were c a r r i e d out at a range o f pH i n the presence 

or absence o f 200 mil. magnesium ch lo r ide . From Figure 4 . 1 2 i t can be 

seen tha t magnesium favours a l k a l i n e pyrophosphatase a c t i v i t y and 
i n h i b i t s the a c t i v i t y at lower pH (Rauser, 1 9 7 1 ) • 

2+ 
d. Optimal Mg 

Assays were c a r r i e d out a t pH 8 . 0 i n the presence o f a range of 

magnesium ch lo r ide concentrat ions (Figure 4 . 1 5 ) ' Subsequent assays 

inc luded 75O mU. Mg^"^. 
e. C a l c u l a t i o n o f K and Y — — nt max 

Several sodium pyrophosphatase concentrations were introduced 
i n t o the assay (Figure 4.14 A ) . A Lineweaver-Burk p l o t was constructed 

(Figure 4 . 1 4 B ) and the f o r ac id pyrophosphate was found to equal 

9 . 0 mM, and the V = 1.69,* K f o r a l k a l i n e pyrophosphatase 
max m 



FIGURE 4.12 

E f f e c t o f pH on the assay f o r 

pyrophosphatase i n the presence ( • • ) 

or absence ( A - - - - A ) o f . 200 mM. ligCl . 
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FIGURE 4.15 

2+ 
E f f e c t o f Mg concen t ra t ion on 

a l k a l i n e pyrophosphatase 

a c t i v i t y (pH 8 . 0 ) . 

FIGURE 4.14 A. 

E f f e c t o f sodium pyrophosphate 

concent ra t ion on pyrophosphatase 

a c t i v i t y . 
2+ 

• — • p lus Mg a t pH 8.0 
2+ 

A - - - A minus Mg a t pH 5.0. 
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FIGURE 4 . 1 4 B. 
Lineweaver-Burk p l o t f o r ac id ( A A ) 

and a l k a l i n e ^ ) pyrophosphatases. 

The a l k a l i n e pyrophosphatase assay 

inc luded 750 mM. M g ^ . 



FIGURE 4.14 
B. 

2-8^ 
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was found to equal 27.5 i^M. j Y = 4 , 55. 
max 

A l l subsequent assays inc luded 75 inl^. sodium pyrophosphate, 

f . Response to enzyme concentra t ion. 

F igure 4.15 shows the r e s u l t s o f a number o f assays ca r r i ed out 

u s i n g var ious enzyme concentrat ions to conf i rm c lass ic enzymatic 

c h a r a c t e r i s t i c s . 

B. PAGE assay. 
The i d e n t i f i c a t i o n o f pyrophosphatase isoenzymes on PAGE slab 

gels was based on the t es t - tube method as suggested by Shaw and 

Prasad ( l970) . Fo l lowing e lec t rophores is the gels were incubated i n 

15 m l . c i t r a t e b u f f e r pH 5.0 

5 m l . 75 J i i ^ soditim pyrophosphate 

o r 10 m l . Tr is -HCl pH 6.0 

5 i n l . 750 inM. magnesium ch lo r ide 

5 m l . 75 IDM. sodium pyrophosphate 

f o r 1 h . 50 inin. a t room temperature. 10 ml . 200 mM, ammonium molybdate 

i n 5 su lphur ic ac id were added f o l l o w e d by 4 n i l . Fiske-SubbaRow 

reducer. Blue bands appeared almost immediately. Recording o f these 

had to be c a r r i e d out w i t h i n 1 h . due to t h e i r t r ans ien t nature. 

The bands were never p a r t i c u l a r l y we l l def ined as i n other enzyme 

l o c a t i o n procedures, tending to appear d i f f u s e d (Figure 4 . I 6 ) . 

v i . Phosphatase. 
(Ac id phosphatase EC 5. 1. 5. 2; 

A l k a l i n e phosphatase EC 3. 1. 3. I ) 

The assay i s based on the amount o f 4-ni t rophenol l i b e r a t e d 

per u n i t t ime from 4 - n i t r o phenyl phosphate, as determined i n a l k a l i n e 

s o l u t i o n a t 4IO nM. (Walter and Schttt t , 1974). 

phosphatase 
4 - n i t r o phenyl phosphate * H^O ^ ^ 4 -n i t rophenol + ^ ^ ' ^ ^ 

A. a. Test-tube assay. 
The assay mix contained 

250 pi. acetate b u f f e r pH 5 

or 250 p i . g lyc ine b u f f e r pH 10 

250 pi. 15.2 mM. p -d in i t ropheno l phosphate 

100 enzyme ex t r ac t ( d i l u t e d t e n f o l d ) 



FIGURE 4.15 
E f f e c t o f enzyme ex t r ac t concen t ra t ion 

on the assay f o r pyrophosphatase. 

£h • a l k a l i n e pyrophosphatase 

A A a c i d pyrophosphatase. 



FIGURE 

0 2 0-4 0-6 0-3 
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FIGURE 4.16 

Photograph o f a l k a l i n e pyrophosphatase 

isoenzymes v i s u a l i z e d hy the method o f 

Shaw and Prasad ( l970) as app l i ed to 

s lab PAGE gels . 



FIGURE A.16 
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Incuba t ion was f o r 10 min. a t 57°C. and was terminated by add i t ion 

o f 2.5 n i l . 100 mlL soditun hydroxide. The r e s u l t a n t colour development 

was measured a t ^^^Q w i t h a V i t a t r o n co lor imeter . Enzyme a c t i v i t y was 

ca l cu l a t ed by reference to a standard curve constructed f o r 

p -n i t r opheno l (Figure 4.17) a f t e r adjustment f o r "no enzyme" and 

"water" b lanks . 

b . C a l c u l a t i o n o f enzyme a c t i v i t y . 

The vxL±t o f enzyme i s tha t amount of enzyme re leas ing 1,0 umole 

o f p -n i t r opheno l per min. a t 57°C. 

Figure 4.17 shows the c a l i b r a t i o n curve constructed f o r 

p - h i t r o p h e n o l d i l u t e d as f o r the enzyme assay. Prom t h i s i t can be 

ex t r apo la t ed tha t 1 ^ o l e p -n i t rophenol has an ^^Q^ = 6.75* 

100 X X 
t h e r e f o r e , TJ.ml"' = = 1. 5x 

10^ 6.75 

where x = A assay. 
2+ 

_c. Op t imiza t ion o f pH and Mg requirement. 

The e f f e c t o f 200 mM. and 20 mM. magnesium ch lo r ide concentrations 

on the assay were examined a t a range o f pH. There was no p r e f e r e n t i a l 

enzyme a c t i v a t i o n w i t h e i t h e r concentra t ion o f magnesium (Figure 4.18) 

a t pH 5»0> t u t there was s l i g h t a c t i v a t i o n a t higher pH. 
d. C a l c u l a t i o n of K_ and "V" — m max 

Several concentrat ions o f p -n i t rophenol phosphate were included 

i n assays f o r ac id phosphatase (Figure 4-19 A ) . A Lineweaver-Burk p l o t 
-1 

was const ructed (Figure 4.19 B ) . V was found to equal 1.1 T I , m l 
and -K^ = 1»9 ^imole. 
e^. Response to enzyme concentra t ion. 

F igure 4.20 shows the r e s u l t s o f a number o f assays ca r r ied out 

u s i n g var ious enzyme concentrat ions to confi rm c lass ic enzymatic 

c h a r a c t e r i s t i c s . 



FIGURE 4.17 
C a l i b r a t i o n o f absorp t ion a t 410 nm. 

o f p -n i t ropheno l i n a l k a l i n e s o l u t i o n . 
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FIGURE 4.18 
2+ 

E f f e c t o f pH and Mg on phosphatase 

assay. 

• — • No Mg 
2+ 

A - - ^ 20 mM. Mg 
2+ 

D o 200 mM. Mg . 
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FIGURE 4.19 A. 

E f f e c t o f p -n i t ropheno l phosphate 

concent ra t ion on a c i d phosphatase 

a c t i v i t y . 

FIGURE 4.19 B. 

Lineweaver-Burk p l o t f o r ac id 

phosphatase. 
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FIGURE 4.20 

E f f e c t o f enzyme e x t r a c t concen t ra t ion 

on the assay f o r a c id phosphatase. 

FIGURE 4.21 
Photograph o f ac id phosphatase 

isoenzymes separated on slab PAGE ge ls . 
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B. PAGE assay. 

a. Ac id •phosphatase. 

F o l l o w i n g e l ec t rophores i s , the slab gels were soaked i n 

400 mM. sodivun acetate pE 5.0 f o r 5O min. a t 4°C. The gels were then 

t r a n s f e r r e d to a 100 m l . mix c o n s i s t i n g o f 
6 mM. sodium-alpha-naphthyl phosphate 

(made up as a stock o f 3OO mM. i n acetone:water 1:1), 

2.2 mM. Fast Garnet GBC s a l t 

2.5 inM. magnesium ch lo r ide 

200 mM. sodium acetate pH 5.0. 

Bands were allowed to develop over several hours i n the dark at room 

temperature. 

An a l t e r n a t i v e method developed by A l l e n et a l . (I963) was 

t e s t ed . I n essence i t was very s i m i l a r to the above method except i n 

the use o f Black K s a l t ins tead o f Fast Garnet and o m i t t i n g the 

magnesium c h l o r i d e . Bands were obtained f o l l o w i n g incubat ion a t room 

temperature f o r several hours, but t h e i r c l a r i t y and the homogeneity 

o f the s t a i n were i n f e r i o r to the above method, 

b . A l k a l i n e phosphatase. 

The method used above was adapted f o r a l k a l i n e phosphatase 

s u b s t i t u t i n g Tr is -HCl b i i f f e r (pH 9.0) f o r the acetate b u f f e r . Bands 

were never as intense as those obtained f o r ac id phosphatase ( and 

t h e r e f o r e d i d n o t photograph w e l l ) . 

v i i . Phosphodiesterase. (EC 3. 1. 4. I ) 

The assay f o r ' n o n - s p e c i f i c ' phosphodiesterase involves the 

l i b e r a t i o n o f p -n i t ropbeno l f rom sodium bis- (p-ni t rophenyl)phosphate , 

A. a. Test- tube assay. (Koemer and Sinsheimer, 1957J 

The assay contained 

100 c i t r a t e b u f f e r pH 5.0 

or 100 ; i l . Tr is -HCl pH 8.0 

100 JJI. 10 mM. bis-p-nitrophenylphosphate 

1 0 0 ^ . enzyme ex t r ac t ( d i l u t e d t e n f o l d ) . 
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The i n c u b a t i o n a t 37°C. was terminated a f t e r 10 min. by the a d d i t i o n 

o f 2.5 na. 100 mM. sodium hydroxide. The r e s u l t i n g colour was 

measured a t A^^^ . The enzyme a c t i v i t y was ca lcu la ted a f t e r due 

adjustment f o r "no enzyme" and "water" blanks, w i t h reference to a 

standard curve constructed f o r p -n i t rophenol phosphate (Figure 4.17). 

b . C a l c t i l a t i o n o f enzyme a c t i v i t y . 

As f o r phosphatase ( v i . A a ) . 
i . e . , U.ml" ' ' = 1.5x where x = A^^^ assay. 

_c. pH o p t i m i z a t i o n . 

The e f f e c t o f pH on the assay f o r phosphodiesterase was 

examined over a range o f pH (Figure 4.22). Subsequent assays were 

c a r r i e d out at pH 5 and pH 8. 
d. C a l c u l a t i o n o f V and K . — — — • max m 

Several concentrat ions o f b i s - p - n i t r o p h e n y l phosphate were 

in t roduced i n t o the assay and enzyme a c t i v i t y recorded (Figure 4-25 A) . 

A Lineweave3>Burk p l o t gave a = 0.14 U.ml"' ' and = 4*2 mM. 

v i i i . Locat ion o f enzymes. 

P r e l i m i n a r y work was ca r r i ed out on the c e l l u l a r l o c a t i o n o f 

the enzymes under i n v e s t i g a t i o n , w i t h a view to comparison a t 

d i f f e r e n t ages. This was c a r r i e d out i n two ways, as f o l l o w s : -

( a ) . Sucrose densi ty gradien t . 

Separation o f c e l l u l a r organel les was achieved by c e n t r i f u g a t i o n 

on a 25 - 57?̂  (W/V) sucrose dens i ty gradient (see Chapter 2). 

3 - 5 g. F. pra tens is l e a f t i s sue were chopped by an e l e c t r i c 

chopper i n 7 ml . b u f f e r cons i s t i ng o f 
100 mM. NaH^PO^ 
1.2 mM. EDTA (disodium s a l t ) 

15% (WA) sucrose. 

F o l l o w i n g c e n t r i f u g a t i o n a t 5,000 g. to remove excess p l a s t i d 

and debr is m a t e r i a l , 4.5 m l . supernatant were loaded onto the 

g rad i en t , which was cen t r i fuged a t 90,000 g. f o r 15 t . i n a 

5x25 m l . swing-out r o t o r on a MSE Superspeed 50 TC at 4°C. 

The separation i n t o d i sc re te organel las bands was v i s i b l e by 

v i r t u e o f t h e i r associated pigments (Figure 4.24). 



FIGURE 4.22 

E f f e c t o f pH on the assay f o r 

phosphodiesterase. 
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FlgtJBE 4 . 2 3 A. 

E f f e c t o f b i s - n i t r o p h e n y l phosphate 

c o n c e n t r a t i o n on p h o s p h o d i e s t e r a s e 

a c t i v i t y a t pH 8 .0 

FIGURE 4 . 2 5 B. 

L i n e w e a v e r - B u r k p l o t o f a l k a l i n e 

p h o s p h o d i e s t e r a s e a c t i v i t y . 
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FIGT3EE 4 .24 

Photograph o f sucrose d e n s i t y g r a d i e n t 

(25 - 57^ ( W / V ) ) s e p a r a t i o n o f c e l l 

f r a c t i o n s o f l e a v e s o f F. p r a t e n s i s . 
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750 } i l . f r a c t i o n s were c o l l e c t e d u s i n g an a u t o - d e n s i f l o w 

a p p a r a t u s ( B u c h l e r I n s t r u m e n t s , USA) l i n k e d to a LKB Perpex 

p e r i s t a l t i c pump. Enzyme assays , i n c l u d i n g those f o r marker 

enzymes (see f o l l o w i n g s e c t i o n ) were c a r r i e d o u t on these 

f r a c t i o n s . 

( b ) . D i f f e r e n t i a l c e n t r i f u p ; a t i o n . 

3.0 g. F. p r a t e n s i s l e a f t i s s u e were chopped i n 13 m l . b u f f e r 

c o n t a i n i n g 50 T r i s - H C l (pE 7 . 6 ) and 250 mJL sucrose , u s i n g 

an e l e c t r i c chopper a t 4°C. The b r e i was passed th rough two 

l a y e r s o f L l i r a c l o t h and c e n t r i f u g e d a t 4OO g . f o r 10 m i n . i n a 

I'SE bench c e n t r i f u g e . The r e s u l t a n t p e l l e t was washed w i t h 2 m l . 

e x t r a c t i o n b u f f e r and r e - c e n t r i f u g e d a t 4OO g. f o r 10 m i n . 

( f r a c t i o n I ) . The s u p e m a t a n t s were p o o l e d and c e n t r i f u g e d a t 

4,000 g . i n a 10x10 m l . ang le r o t o r i n a MSE super speed 50 TC 

f o r 10 m i n . The p e l l e t was washed w i t h 2 m l . e x t r a c t i o n b u f f e r 

and r e - c e n t r i f u g e d ( f r a c t i o n 2 ) . The poo led supema tan t s were 

c e n t r i f u g e d a t 17,000 g . and, f o l l o w i n g r e t e n t i o n and washing 

o f t h e p e l l e t ( f r a c t i o n 3 ) , a t 160,000 g . to g i v e a f i n a l 

p e l l e t ( f r a c t i o n 4 ) and supe rna t an t ( f r a c t i o n 5)« Enzyme and 

enzyme marker assays were p e r f o r m e d on the f i v e f r a c t i o n s . 

To a s c e r t a i n whether a c t i v i t y was reduced by compar tmenta t ion o f 

some k i n d (whe the r r e a l o r i n d u c e d by e x t r a c t i o n c o n d i t i o n s ) , 

0 . 1 ^ ( V / Y ) T r i t o n X 100 was added to d u p l i c a t e assays. 

A l t e r n a t i v e l y , enzyme f r a c t i o n s were s o n i c a t e d a t an a m p l i t u d e 

o f 3. 5 f o r 50 s. i n a MSE U l t r a s o n i c a t o r p r i o r t o i n t r o d u c t i o n 

i n t o the assay systems. 
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i x . Assays o f o t h e r enzymes used 
as c y t o l o g i c a l marke r s . 

There has "been c o n s i d e r a b l e dehate as to t h e v a l u e o f marker 

enzymes i n t h e i d e n t i f i c a t i o n o f c e l l c o n s t i t u e n t s ( f o r example, 

6th I n t e r n a t i o n a l S u b - c e l l u l a r Methodology Forum, 1978). Problems 

e v o l v e f r o m c o n t a m i n a t i o n o f p r e p a r a t i o n s by o t h e r c e l l u l a r o r 

e x t r a - c e l l u l a r components, t he l a c k o f a b s o l u t e markers ( i . e . , those 

whose d i s t r i b u t i o n i s r e s t r i c t e d to a s i n g l e c e l l component) , the 

t r a n s i t o r y appearance o f markers e lsewhere ( f o r example, i n e a r l y 

c e l l t i l a r deve lopment ) and membrane l e a k i n e s s . 

S u c c i n a t e dehydrogenase i s the enzyme marker o f cho ice f o r 

i n t a c t m i t o c h o n d r i a . Ca ta l a se and u r i c a s e a re a l so recommended as 

g e n e r a l marke r s o f m i t o c h o n d r i a and t h e i r f r a g m e n t s (6 th I n t e r n a t i o n a l 

S u b - c e l l u l a r Methodology Forum, 1978) . 

KAD-cytochrome C o x i d o r e d u c t a s e , wh ich i s A n t i m y c i n A i n s e n s i t i v e , 

o c c u r s i n endoplasmic r e t i c u l u m b u t i s n o t an a b s o l u t e marker s i nce i t 

i s p r e s e n t i n s m a l l amounts i n t h e n u c l e a r enve lope , G o l g i appara tus 

and plasma membrane. D e s p i t e these c o m p l i c a t i o n s o f secondary l o c a t i o n 

i t i s n e v e r t h e l e s s cons ide red as a u s e f t i l marker (6th I n t e r n a t i o n a l 

S u b - c e l l u l a r Methodology Forum, 1978). 

S i n c e a l l these marker enzymes have been f r e q u e n t l y measured 

a t t h e Welsh P l a n t B r e e d i n g S t a t i o n , o p t i m a l c o n d i t i o n s were assumed 

w i t h o u t re -assessment . 
a. CateuLase. (EC 1. 11. 1. 6 ) 

The assay was p e r f o r m e d i n a q u a r t z c u v e t t e i n a Pye-TInicam 

SP 8 0 0 s p e c t r o p h o t o m e t e r . The change i n A^^Q was m o n i t o r e d over a t 

l e a s t 5 m i n . 
The assay m i x c o n s i s t e d o f 

3 mM. phosphate b u f f e r pH 7 .5 ) 

0.05?^ ( V / V ) hydrogen p e r o x i d e ) 2 .9 nd . 

50 pi. enzyme e x t r a c t j 

On a d d i t i o n o f the enzyme and f o l l o w i n g t h o r o u ^ m i x i n g , 

t h e f a l l i n A ^ ^ Q was i m m e d i a t e l y r e c o r d e d so as t o p r o v i d e as c lo se 

an e s t i m a t i o n o f i n i t i a l r e a c t i o n r a t e as p o s s i b l e . The p r o d u c t i o n o f 

b u b b l e s i n t h e c u v e t t e b r o u ^ t the r e a c t i o n r a p i d l y t o n o n - l i n e a r i t y . 



108 

m 

2 m l . 

C a l c u l a t i o n o f enzyme a c t i v i t y : 

Uvml""" = '^250^'' 

A = change i n absorbance pe r m i n . 

b . HAD-cyto chrome C o x i d o r e d u c t a s e . . (EC 1. 6. 2. I ) 
The assay m i x i n a al. g l a s s c u v e t t e se t i n a Pye-Unicam 

SP 800 s p e c t r o p h o t o m e t e r c o n s i s t e d o f 

50 ml£. phosphate b u f f e r pH 8 .0 

0 .75 mM. NADH 

25 niM. po tass ium cyanide 

20 mM. A n t i m y c i n A 

I m m e d i a t e l y p r i o r to the a d d i t i o n o f enzyme e x t r a c t , 200 pi. 

0 .4 iJiM. cytochrome C s o l u t i o n were added, f o l l o w e d by 1 0 0 ^ . enzyme 

e x t r a c t . The change i n ^c:cn '^^^ f o l l o w e d o v e r s e v e r a l m i n u t e s . 

As w i t h t h e c a t a l a s e assay, speed was i m p o r t a n t i n o r d e r to o b t a i n 

as nea r to i n i t i a l r e a c t i o n r a t e s as p o s s i b l e . 

C a l c u l a t i o n o f enzyme a c t i v i t y : 

U.ml""" = '^550''5-59 
A^^Q = change i n absorbance pe r m i n . 

_c. S u c c i n a t e dehydrogenase. (EC 1. 3. 99. I ) 

The assay c o n s i s t e d o f 

250 jil. 200 mM. phosphate b u f f e r pH 7.4 

c o n t a i n i n g 12 mM. MTT t e t r a z o l i u m 

500 j j l . enzyme e x t r a c t 

250 500 mM. sodium s u c c i n a t e pH 7 .4 

o r 300 mM. sodium malonate . 

F o l l o w i n g i n c u b a t i o n a t 37°C. f o r 10 m i n . , 6 m l . " s t o p p i n g 

r e a g e n t " were added, shaken and c e n t r i f u g e d a t 1,000 g. f o r 5 m i n . 

to remove dena tu r ed p r o t e i n . " S t o p p i n g r eagen t " c o n s i s t e d o f 

36^ ( V / V ) e t h a n o l 

57^ ( V / Y ) e t h y l a c e t a t e 

O.Sfo (w/v) t r i c h l o r o a c e t i c a c i d 

6.4fb ( Y / V ) wa t e r . 

The r e s u l t a n t c o l o u r e d supe rna t an t was r eco rded a t A ^ ^ ^ . 
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d . U r i c a s e . (EC 1. 7. 3. 3) 

u r i c a s e 

U r a t e +02"*" ^ 2 ° ^ A l l a n t o i n + H^O^ + CO^ 

The assay i s based on the p r i n c i p l e t h a t u r a t e has a h i g h U . Y . 

a b s o r p t i o n ( a t 290 nm. ) whereas t h e p r o d u c t o f the r e a c t i o n , a l l a n t o i n , 

does n o t absorb a t t h i s w a v e l e n g t h . 

The assay was c a r r i e d o u t i n 3 ^1* q u a r t z c u v e t t e s a t room 

t e m p e r a t u r e . The assay c o n t a i n e d 
1.0 m l . 8 uM. u r i c a c i d 

1.0 m l . 200 mM. b o r a t e b u f f e r pH 8 . 5 

500 jil. enzyme e x t r a c t 

500 d i s t i l l e d wa t e r . 

The decrease i n A^^Q was r e c o r d e d r e l a t i v e to a c o n t r o l 

i n c l u d i n g 200 vl. O. l^t (w/v) po tass ium cyan ide ( i n p l a c e o f some o f 

t h e d i s t i l l e d wa te r a d d i t i o n ) o v e r s e v e r a l m i n u t e s . 
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I I I . E x p e r i m e n t a l Work. 

i . Enzymes o f phosphorus me tabo l i sm 

d u r i n g development. 

Three separa te exper imen t s were conducted; one u s i n g the whole 

l e a v e s o f d i f f e r e n t ages, and two u s i n g s e c t i o n s a l o n g the l e a f . 

The enzyme a c t i v i t i e s f r o m each exper iment a re l i n k e d i n F i g u r e s 

4.25 t o 4 « 3 5 so t h a t d i s c o n t i n u i t i e s due to seasonal v a r i a t i o n s o r 

g r o w t h c o n d i t i o n s wou ld n o t obscure the s a l i e n t t r e n d s . 

ATPase and a l k a l i n e and a c i d pyrophosphatases show s i m i l a r 

p a t t e r n s o f a c t i v i t y i n whole l e a f a g e i n g , d i s p l a y i n g an e a r l y peak 

o f i n c r e a s e d a c t i v i t y between 55 aJ^d 42 days and a l a t e r phase a t 

55 t o 62 days ( F i g u r e s 4.25> 4 . 2 8 , 4 . 2 9 ) . A l k a l i n e pyrophosphatase i s 

about f o u r t i m e s as a c t i v e as a c i d pyrophosphatase i n the f i r s t phase 

o f i n c r e a s e d a c t i v i t y . The second phase r e v e a l s a r e d u c t i o n i n the 

a l k a l i n e to a c i d pyrophosphatase r a t i o by h a l f , wh ich i s c o n s i s t e n t 

w i t h the r e p o r t s i n the l i t e r a t u r e which a t t r i b u t e an a n a b o l i c 

f u n c t i o n t o a l k a l i n e pyrophosphatase and a c a t a b o l i c f u n c t i o n to 

a c i d py rophospha ta se . Kar and llishra. (1975) emphasised the impor tance o f 

t h e r a t i o o f - these two enzjines r a t h e r than t h e i r a b s o l u t e a c t i v i t i e s . 

F u r t h e r m o r e , t h e peak o f a c i d pyrophosphatase a c t i v i t y a t senescence 

i s b r o a d e r t h a n f o r a l k a l i n e pyrophosphatase wh ich resembles the 

ATPase p a t t e r n s l i g h t l y b e t t e r . A g e i n g a l o n g t h e l e a f shows d i f f e r e n c e s 

i n the p a t t e r n o f a l l these t h r e e enzyme a c t i v i t i e s compared w i t h the 

deve lopment o f the whole l e a f . However, a l l show h i g h a c t i v i t i e s a t 

t h e base and r e d u c t i o n i n a c t i v i t y i n senescent a p i c a l s e c t i o n s w i t h 

an i n c r e a s e d phase o f a c t i v i t y a t S e c t i o n 5-6. The r a t i o o f a l k a l i n e 

pyrophospha tase to a c i d phosphatase ( F i g u r e s 4 .28 B and 4.29 B ) does 

n o t d e c l i n e a t senescence as observed f o r whole l e a f age ing . Th i s 

may be i n d i c a t i v e o f v e r y l o c a l i z e d areas o f i n c r e a s e d a c i d 

pyrophospha tase a c t i v i t y which would f u n c t i o n i n c a t a b o l i s m perhaps 

by r edep loymen t o f p r e c u r s o r s to g r o w i n g r e g i o n s . T h i s may be the 

cause o f t h e peak a t S e c t i o n 5 wh ich corresponds to h i g h m e t a b o l i c 

a c t i v i t y as i n d i c a t e d by ATPase a c t i v i t y . 



FIGURE 4 . 2 5 A. 

ATPase a c t i v i t y expressed pe r ^ g . p r o t e i n 

i n enzyme e x t r a c t o f f o u r t h l e a v e s o f 

F . p r a t e n s i s a t d i f f e r e n t ages. 

FIGURE 4 .25 B. 

ATPase a c t i v i t y expressed p e r ^ g . p r o t e i n 

i n the enzyme e x t r a c t , f r o m s e c t i o n s 

a l o n g t h e l e a f . 

Each • — • r e p r e s e n t s a d i f f e r e n t 

e x p e r i m e n t . 
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FIGURE 4 .26 

A c i d RNAse a c t i v i t i e s expressed 

p e r p.g. p r o t e i n i n enzyme e x t r a c t , 

A . o f f o u r t h l e a v e s o f F . p r a t e n s i s 

a t d i f f e r e n t ages 

B . f r o m s e c t i o n s a l o n g the l e a f . 
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FIGURE 4 .27 

A l k a l i n e RKAse a c t i v i t i e s expressed 

p e r jxg. p r o t e i n i n enzyme e x t r a c t o f 

A. f o u r t h l e a v e s o f F . p r a t e n s i s a t 

d i f f e r e n t ages 

B. s e c t i o n s a l o n g t h e l e a f . 
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FIGURE 4.28 

A c i d pyrophosphatase a c t i v i t i e s 

expressed per ^ g . o f p r o t e i n i n 

enzyme e x t r a c t o f 

A. f o u r t h leaves o f F. p ra tens is 

a t d i f f e r e n t ages 

B. sect ions along the l e a f . 
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FIGUEE 4.29 

A l k a l i n e pyrophosphatase a c t i v i t i e s 

expressed per ^ g . p r o t e i n o f enzyme 

e x t r a c t o f 

A. f o u r t h leaves o f F. p ra tens i s a t 

d i f f e r e n t ages 

B. sect ions along the l e a f . 
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RNAses and phosphodiesterases f o l l o w s i m i l a r pa t t en s i n both 

developmental systems (Figures 4 « 2 6 , 4 . 2 7 , 4 - 3 2 , 4 . 3 3 ) d i s p l a y i n g 

a c l a s s i c l a rge increase i n a c t i v i t y at senescence. RNAse a c t i v i t i e s 

are s l i g h t l y enhanced at ea r ly development-amounting to approximately 

a quar te r o f the senescent a c t i v i t y i n the whole l e a f ageing and 

h a l f the senescent a c t i v i t y i n development along the l e a f . 

Phosphodiesterase a c t i v i t i e s a t the base o f the l e a f are o f a sinsilar 

order to a p i c a l a c t i v i t i e s . Acid phosphodiesterase i s approximately 

twice as a c t i v e as a l k a l i n e phosphodiesterase but the developmental 

p a t t e r n d isplayed by both i s s i m i l a r . Acid ENAse i s approximately 30^ 

more a c t i v e a t a l l development stages u n t i l senescence when the 

a c t i v i t i e s are s i m i l a r . 

Phosphatase a c t i v i t y displays f u r t h e r d i f f e r e n t pat terns 

(Figures 4 . 3 0 » 4 . 3 ' ' ) . A l k a l i n e phosphatase a c t i v i t i e s would tend to 

suggest a three peak p a t t e r n w i t h a peak o f a c t i v i t y a t 4 0 - 4 5 days i n 

whole l e a f ageing (Figure 4*31 ^) and a t Section 5 - 6 i n development 

a long the l e a f (Figure 4 . 3 I B ) . Acid phosphatase a c t i v i t y ind ica tes 

a s l i g h t l y e a r l i e r mid-peak a t day 35-40 (Figure 4 . 3 0 A) and 

Section 3 - 4 (Figure 4 . 30 B ) . 

The e a r l y and l a t e phases o f increased enzyme a c t i v i t y 

correspond to the increased l e v e l s o f soluble p r o t e i n synthesis along 

the l e a f (F igure 3 » 6 ) and i n the development o f the whole l e a f 

(Figure 3 * 5 ) . Ageing along the l e a f shows an increased phase o f 

synthesis a t Section 4 which would correspond to the increase i n ac id 

phosphatase a c t i v i t y (Figure 4 . 3 0 ) and precedes the increase i n 

a l k a l i n e phosphatase a c t i v i t y (Figure 4 « 3 l ) « 

Only the phosphatases displayed any so r t o f three peak pa t t e rn 

o f a c t i v i t y . Comparison w i t h Figure 3 .11 would suggest tha t increased 

synthesis du r ing mid-development tends to be associated wi th p a r t i c u l a t e 

p r o t e i n s r a t h e r than soluble ones; only one of the soluble pro te ins 

moni tored showed any increased r e l a t i v e synthesis a t t h i s phase (Day 4 2 ) . 



FIGURE 4.50 

Ac id phosphatase a c t i v i t i e s expressed 

per y.g. p r o t e i n i n enzyme ex t r ac t o f 

A. f o u r t h leaves o f F. p ra tens i s a t 

d i f f e r e n t ages 

B. sect ions along the l e a f . 
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FIGURE 4.51 
A l k a l i n e phosphatase a c t i v i t i e s expressed 

per jug. p r o t e i n i n enzyme ex t r ac t o f 

A. f o u r t h leaves o f F. p ra tens i s a t 

d i f f e r e n t ages 

B. sect ions along the l e a f . 
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FIGURE 4.32 

A c i d phosphodiesterase a c t i v i t i e s 

expressed per p.g. p r o t e i n i n enzyme 

e x t r a c t o f 

A. f o u r t h leaves o f F. p ra tens i s a t 

d i f f e r e n t ages 

B. sect ions a long the l e a f . 
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FIGURE 4.33 

A l k a l i n e phosphodiesterase a c t i v i t i e s 

expressed per ^ g . p r o t e i n o f enzyme 

e x t r a c t o f 

A, f o u r t h leaves o f F. pra tens is 

a t d i f f e r e n t ages 

B. sect ions a long the l e a f . 
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FIGURE 4.54 
Sucrose dens i ty g rad ien t c e n t r i f u g a t i o n 

l o c a t i o n o f enzymes and marker enzymes. 
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FIGURE 4 . 3 5 
Rela t ive enzyme a c t i v i t i e s and 

c h l o r o p h y l l content f rom the 

f i v e f r a c t i o n s r e s u l t i n g f rom 

d i f f e r e n t i a l c e n t r i f u g a t i o n . 

I enzyme a c t i v i t y 

enzyme a c t i v i t y f o l l o w i n g 

son ica t ion a t 3* 5 ^ f o r 3O s. 
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i i . Isoenzyme p a t t e r n s d u r i n g development . . 

PAGE o f a c i d phosphatase isoenzymes showed a s h i f t i n 

isoenzyme p r o p o r t i o n s w i t h development a l o n g the l e a f . Low m o l e c u l a r 

w e i g h t isoenzymes were p r e v a l e n t i n e a r l y development and a n o v e l 

h i g h m o l e c u l a r w e i g h t isoenzyme appeared a t i n c i p i e n t senescence 

i n t e n s i f y i n g w i t h the course o f senescence (see F i g u r e 4.3G). 

ATPase, RNAse and pyrophosphatase isoenzyme p a t t e r n s showed 

no such o b s e r v a b l e s h i f t i n emphasis w i t h development . 

i i i . Enzyme l o c a t i o n . 

F i g u r e 4.54 shows the r e s u l t s f r o m m o n i t o r i n g o f f r a c t i o n s 

f r o m suc rose d e n s i t y c e n t r i f u g a t i o n f o r enzyme a c t i v i t y a s s o c i a t e d 

w i t h p a r t i c u l a r c e l l f r a c t i o n s . A c i d RI^Ase a c t i v i t y was f o u n d to be 

f i r m l y a s s o c i a t e d w i t h b o t h peaks ( a and b ) o f c a t a l a s e a c t i v i t y 

and a c i d phosphatase was a s s o c i a t e d w i t h pealc b o n l y . N e i t h e r 

enzyme cor responded w i t h NAD cytochrome C o x i d o r e d u c t a s e a c t i v i t y 

(peak c ) . These r e s u l t s c o u l d be t e n t a t i v e l y regarded as p r o v i d i n g 

ev idence f o r the m i t o c h o n d r i a l l o c a t i o n o f b o t h a c i d phosphatase and 

a c i d M A s e . 

F i g u r e 4*55 shows the .enzyme a c t i v i t i e s a s s o c i a t e d w i t h the 

f i v e f r a c t i o n s o b t a i n e d by d i f f e r e n t i a l c e n t r i f u g a t i o n . The f r a c t i o n s 

were s o n i c a t e d to r e l e a s e l a t e n t enzymes. U r i c a s e was p r i m a r i l y 

a s s o c i a t e d w i t h f r a c t i o n 2 b u t was o n l y r e l e a s e d a f t e r s o n i c a t i o n . 

There was no s o l u b l e a c t i v i t y and f r a c t i o n 1 d i s p l a y e d c o n s i d e r a b l e 

a c t i v i t y T r i t h o u t s o n i c a t i o n . Ca ta l a se was p r i m a r i l y a s s o c i a t e d w i t h 

f r a c t i o n 2 b u t , u n l i k e u r i c a s e , t h e r e was a c t i v i t y a s s o c i a t e d w i t h a l l 

t h e o t h e r f r a c t i o n s i n c l u d i n g s o l u b l e f r a c t i o n 5. The d i s t r i b u t i o n o f 

s u c c i n a t e dehydrogenase, u r i c a s e and c a t a l a s e would suggest t h a t 

m i t o c h o n d r i a and m i t o c h o n d r i a l f r a g m e n t s are p r e sen t i n f r a c t i o n s 

1 and 2. A l l phosphorus me tabo l i sm enzymes i n v e s t i g a t e d showed m a j o r 

a c t i v i t y a s s o c i a t e d w i t h s o l u b l e f r a c t i o n . ATPase, a l k a l i n e 

p h o s p h o d i e s t e r a s e and a c i d pyrophosphatase, showed i n c r e a s e d a c t i v i t i e s 

f o l l o w i n g s o n i c a t i o n o f f r a c t i o n s 1 and 2. ATPase showed i n c r e a s e d 

a c t i v i t y f o l l o w i n g s o n i c a t i o n i n a l l f r a c t i o n s s u g g e s t i n g t h a t i t i s 



FlgURE 4. 56. 

A c i d phosphatase isoenzymes f r o m 

s e c t i o n s a l o n g the ma tu re l e a f 

o f F. p r a t e n s i s . 
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membrane bound. C l e a r l y , t he a c i d and a l k a l i n e isoenzymes o f 

pyrophospha tase and t h e a c i d and a l k a l i n e isoenzymes o f 

phosphod ie s t e r a se a r e n o t s i m i l a r l y l o c a t e d i n membranes. 

The r e s u l t s f r o m d i f f e r e n t i a l c e n t r i f u g a t i o n do n o t i n d i c a t e a 

c l o s e a s s o c i a t i o n o f c a t a l a s e s u c c i n a t e dehydrogenase o r u r i c a s e 

a c t i v i t i e s w i t h a c i d ENAse o r a c i d phosphatase a c t i v i t i e s a l t h o u ^ 

a c i d phosphatase does show some a s s o c i a t i o n w i t h membrane f r a c t i o n s . 

H a v i n g e s t a b l i s h e d the d i s t r i b u t i o n o f enzyme a c t i v i t i e s a t 

m a t u r i t y i t would be i n t e r e s t i n g to compare these w i t h l a t e r and 

e a r l i e r s tages i n development . F o r example, does ATPase a c t i v i t y 

become more l a b i l e as the membranes become d i s o r g a n i z e d w i t h 

senescence ? 



1 u 

Chapte r 5. Two e x p e r i m e n t a l p robes i n t o development : 

' G r e e n i n g - u p ' and E z c i s i o n . 

I . I n t r o d u c t i o n s ' G r e e n i n g - u p ' and e x c i s i o n . 

I I . ' Green ing-up . ' 

1. Methods 

2. H u c l e i c a c i d s and ' g r e e n i n g - u p ' 

i . Q u a l i t a t i v e and q u a n t i t a t i v e comparison. 

i i . R a d i o - i s o t o p e l a b e l l i n g . 

3. P r o t e i n s and ' g r e e n i n g - u p . ' 

4. Enzymes and ' g r e e n i n g - u p . ' 

I I I . E x c i s i o n . 

1. Methods 

2. N u c l e i c a c i d s and e x c i s i o n . 

3. P r o t e i n s and e x c i s i o n . 

4. Enzymes and e x c i s i o n . 
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I . I n t r o d u c t i o n ? ' G r e e n i n g - u p ' and E x c i s i o n . 

I n i e r e n t i n t h e model systems o f ' g r e e n i n g - u p ' and e x c i s i o n 

a r e p rob lems o f i n t e r p r e t a t i o n i n r e l a t i o n to t h e normal course o f 

on togeny . ' G r e e n i n g - u p ' i n v o l v e s an e n f o r c e d p e r i o d o f e t i o l a t i o n 

when p o t e n t i a l f o r subsequent l i g h t - t r i g g e r e d b i o c h e m i c a l changes 

may be enhsoiced o r reduced and the t i m e s c a l e o f succeed ing events 

need n o t r e f l e c t the normal course o f even t s . N e v e r t h e l e s s , the 

a c t u a l m a n i f e s t a t i o n o f l i g h t - i n d u c e d changes need n o t be a f f e c t e d 

a n d , a t l e a s t , a r t i f i c i a l ' g r e e n i n g - u p ' can be used to e s t a b l i s h 

t r e n d s and can be m a n i p u l a t e d to p r o v i d e i m p o r t a n t c l ue s to the 

b a s i s o f t h e r esponse , f o r example r e g a r d i n g p o s s i b l e p h o t o r e c e p t o r s . 

E x c i s i o n , w h i l s t u s e f u l i n p r o v i d i n g a d e f i n e d zero p o i n t f r o m 

w h i c h subsequent events can be f o l l o w e d (Thomas, 1975) has the 

m a j o r d i s advan t age o f i n c u r r i n g concomi tan t i n d u c t i o n o f wound 

responses ( B a g i and Parkas , 19^7; L e w i n g t o n e t a l . , 1967» P i t t and 

G a l p i n , 1 9 7 1 ; Spencer and T i t u s , 1973; P i t t , 1974; i i a c n i c o l , 1976; 

Sacher and DeLeo, 1 9 7 7 ) ' a d d i t i o n , e x c r e t i o n o f enzymes o r o t h e r 

m e t a b o l i t e s i n t o t h e suspens ion medium may l e a d to o b s e r v a t i o n o f 

a p p a r e n t decreases i n c o n t e n t ( A t k i n and S r i v a s t a v a , 1969; Lazar and 

Pa rkas , 1970). F u r t h e r m o r e , t h e problems a s s o c i a t e d w i t h e d g e - e f f e c t s 

s h o u l d n o t be o v e r l o o k e d (Hardwick . e i s-I. , 1968). P r a t t and 

Mat thews (1971 ) obse rved a geograph ic g r a d i e n t o f RETA p r e c u r s o r 

p e n e t r a t i o n f r o m t h e c u t edge o f l e a f d i s c s o f tobacco and Chinese 

cabbage towards the c e n t r e , thus o u t e r areas appeared to syn the s i ze 

UNA more e f f i c i e n t l y . M a c n i c o l (1976) n o t e d m e t a b o l i c changes 

l o c a l i z e d i n l e a f d i s c o u t e r r e g i o n s r e s u l t i n g f r o m membrane damage 

and consequent i o n i c imba lance . He a l s o sugges ted t h a t t h e f a c t 

t h a t pho to s y n t h e t i c me tabo l i sm o f l e a f d i s c s appears to conform 

w i t h a t t a c h e d l e a v e s may o n l y be a r e f l e c t i o n o f the r e l a t i v e 

autonomy o f the photo s y n t h e t i c appa ra tu s . Choe and Thimann ( l 9 7 4 ) 

p r o v i d e d s u p p o r t f o r t h i s i n t h e i r o b s e r v a t i o n t h a t c h l o r o p l a s t s 

i s o l a t e d f r o m o a t l e a v e s a t i n c i p i e n t senescence r e t a i n e d t h e i r 

photo s y n t h e t i c c a p a c i t y f o r a number o f days . 

I n b o t h ' g r e e n i n g - u p ' and e x c i s i o n , t h e c o n t r i b u t i o n made by 

t h e p l a n t ' s response to s t r e s s a lone must be r e c o g n i s e d . 
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' G r e e n i n g - u p . ' 

I t has a l r e a d y been ment ioned (Chapter 2,1-") t h a t l i g h t tends 

t o a c c e l e r a t e b i o c h e m i c a l changes r a t h e r than enhance thems f o r 

example, t h e n u c l e i c a c i d c o n t e n t o f l i g h t - t r e a t e d bean l e a v e s i nc r ea se s 

a p p r o x i m a t e l y 24 h . i n advance o f da rk -g rown p l a n t s ( G r i e r s o n e t a l . , 

1970)' However, t h e r e a re a number o f n o v e l b i o c h e m i c a l changes 

which a re t r i g g e r e d by l i g h t . These may r e s u l t f r o m de novo syntheses 

o r a c t i v a t i o n , and i n h i b i t o r s o f RNA and p r o t e i n syntheses have been 

w i d e l y used i n a t t e m p t s to d i s t i n g u i s h these p o s s i b i l i t i e s . Ey tan and 

Ohad (1970) demons t ra t ed c o - o p e r a t i o n between c y t o p l a s m i c and 

c h l o r o p l a s t i c r ibosomes i n the p r o v i s i o n o f l a m e l l a r p r o t e i n s f o r 

p h o t o s y n t h e s i s . Over 50?» t o t a l s o l u b l e p r o t e i n i n c r e a s e d u r i n g 

g r e e n i n g can be a t t r i b u t e d to F r a c t i o n I p r o t e i n o f wh ich the smal l 

s u b - u n i t has been shown by g e n e t i c a n a l y s i s and use o f i n h i b i t o r s to 

be s y n t h e s i z e d by c h l o r o p l a s t r ibosomes (Chen and Wildman, I970). 

The l i g h t e f f e c t s on s p e c i f i c M A f r a c t i o n s , p r o t e i n s and enzymes 

o f phosphomis m e t a b o l i s m have been o u t l i n e d i n the i n t r o d u c t i o n s t o 

the r e l e v a n t C h a p t e r s . 

E x c i s i o n . 

Many worke r s have compared the age ing o f i n t a c t l e a v e s w i t h 

t h e s t r e s s - i n d u c e d age ing c r e a t e d by e x c i s i o n ( e . g . , L e w i n g t o n e t a l . , 

1967; Spencer and T i t u s , 1973). C h l o r o p h y l l l o s s i n d i s c s o f b o t h 

cucumber c o t y l e d o n s ( L e w i n g t o n e t a l . . , I967) and apple l eaves 

(Spencer and T i t u s , 1973) preceded p r o t e i n l o s s whereas i t f o l l o w e d 

p r o t e i n d e c l i n e i n a t t a c h e d l e a v e s . P r o t e i n and RNA l o s s e s were l e s s 

pronounced i n e x c i s e d cucumber c o t y l e d o n s (Lewing ton e t a l . , 1967). 

Such d i f f e r e n c e s may, i n p a r t , be a s s o c i a t e d w i t h the d i s c o n n e c t i o n 

by e x c i s i o n f r o m t h e t r a n s p o r t systems and whole p l a n t c o r r e l a t i v e 

i n f l u e n c e s ( M t l l l e r and L e o p o l d , I966.; W o l l g i e h n , 1967). However, 

such i s o l a t i o n has r e s o l v e d some ques t i ons o f senescent even t s ; 

f o r example, p r o t e i n s y n t h e s i s d e c l i n e s w i t h e x c i s i o n even though 

amino a c i d p o o l s w o u l d n o t be l i m i t i n g due to m o b i l i z a t i o n t o 

a c t i v e l y g r o w i n g r e g i o n s ( Y i c k e r y e t a l . , 194P» Mothes and 

E n g e l b r e c h t , 1956). N e v e r t h e l e s s , r e t e n t i o n o f the p e t i o l e ' i n 
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excised leaves, through which translocates would pass, enhances 
senescence (Uisra and Biewal, 1 9 7 3 ) . In f a c t , the capacity for 
BNA and protein syntheses i n excised tissue has beiBn found to be 

l e s s than i n ageing attached leaves (Wollgiehn, I967). Thomas and 
S t o d d a r t ( l975) obsejrved a 75^ l o s s i n p r o t e i n c o n t e n t in l e a f 

s e c t i o n s of F . p r a t e n s i s o v e r 6 days . Most o f t h i s can be a t t r i b u t e d 

t o a r a p i d d e g r a d a t i o n o f F r a c t i o n I which may be i n h i b i t e d by 

cyc lohexamide ( P e t e r s o n and H u f f a k e r , 1975). C l i c k and H a c k e t t (l963) 

have obse rved an i n i t i a l i n c r e a s e i n RHA and p r o t e i n s y n t h e s i s 

r e s u l t i n g f r o m mechan ica l damage 

RNAse a c t i v i t y i n c r e a s e s on e x c i s i o n as i t does i n response 

t o o t h e r s t r e s s e s ( f o r example, v i r a l i n f e c t i o n (Rand ies , I968)) . 

T h i s has been demons t ra ted i n many spec ies i n c l u d i n g tomato (McHale 

and Dove, I969; Dove, 1971)» wheat (Sodek and W r i g h t , I969) , 

tobacco ( L a z a r and Fa rkas , 1970), b a r l e y ( A t k i n and S r i v a s t a v a , 1970) 

and Avena (Udvardy e t a l . , 1967). Two phases may be d i s t i n g u i s h e d , 

f i r s t l y , an immediate and r a p i d i n c r e a s e (wound response?) which 

s u b s e q u e n t l y d e c l i n e s (DeLeo and Sacher, 1970; P i t t and G a l p i n , 1971), 

and a l o n g t e rm i n c r e a s e wh ich p r o b a b l y c o n t r i b u t e s to the dea th o f 

t h e i s o l a t e d p l a n t m a t e r i a l (Dove , 1973)* B o t h the r a p i d and the 

l o n g t e r m responses a re i n h i b i t e d by cyclohexamide (DeLeo and Sacher, 

1970), c h l o r a m p h e n i c o l ( B a g i and Fa rkas , 19^7; McEale and Dove, 196^) 

and a c t i n o m y c i n D ( B a g i and F a r k a s , ^S€1), However, Thomas (l976^ 

f o u n d t h a t t h e i n c r e a s e i n RNAse a c t i v i t y c o t i l d o n l y be i n h i b i t e d 

by D-MDMP and n o t by i n h i b i t o r s of t r a n s c r i p t i o n , s u g g e s t i n g t h a t 

t r a n s l a t i o n events were r e s p o n s i b l e e i t h e r d i r e c t l y o r i n d i r e c t l y . 

Sacher and Davies (1974) r e p o r t e d de novo s y n t h e s i s o f RNAse as 

i m p l i e d by d e n s i t y - l a b e l l i n g exper imen t s i n exc i s ed Rheo l e a v e s . 

P i t t (1971, 1974) r e p o r t e d t h a t o n l y 25Ŝ  BNAse a c t i v i t y i n c r e a s e 

i n e x c i s e d p o t a t o l e a v e s r e s u l t e d f r o m de novo s y n t h e s i s and t h a t 

t h e r e s t d e r i v e d f r o m a c t i v a t i o n o f p r e - f o r m e d RNAse. The c h a r a c t e r 

i s t i c RNAse changes i n senesc ing p l a n t t i s s u e s are s u f f i c i e n t l y 

s i m i l a r t o changes f o l l o w i n g l e a f e x c i s i o n t h a t i t has o f t e n been 

assumed t h a t detachment mere ly a c c e l e r a t e s the normal senescence 

p a t t e r n s of i n t a c t l e a v e s (Dove, 1975)' However, ^ e n e t a l . (1971 ) 
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f o u n d d i f f e r e n t HNAse p a t t e r n s i n i n t a c t and e x c i s e d Avena l e a v e s . 

A c i d phosphod ie s t e ra se a c t i v i t y i n c r e a s e s w i t h i n 8 h . o f 

de tachment (Udvardyi t^1969) b u t a l k a l i n e phosphod ies t e rase remains 

U n a f f e c t e d (Wven e t a l . . 1971) . P i t t and G a l p i n ( l 9 7 l ) n o t e d a m ino r 

i n c r e a s e i n a c i d phosphod ies t e rase i n p o t a t o l e a v e s as a r e s u l t o f 

m e c h a n i c a l damage. 

M a c n i c o l ( l 9 7 6 ) n o t e d a r a p i d r i s e i n ATP l e v e l s and ATP:ADP 

r a t i o s f o l l o w i n g e x c i s i o n , i m p l y i n g the i n v o l v e m e n t o f ATPase. 

P a r i s h ( l 9 6 8 ) n o t e d an i n c r e a s e i n a c i d phosphatase a c t i v i t y 

i n s e n e s c i n g tobacco l e a f d i s c s which c o u l d be r e v e r s e d by 

h y d r o x y p r o l i n e , s u g g e s t i n g s y n t h e s i s was i n v o l v e d i n i t s i n c r e a s e . 



F i g u r e 5.1 

R e l a t i v e c h l o r o p h y l l l e v e l s o f shoo t s 

o f F . p r a t e n s i s r e s u l t i n g f r o m d i f f e r e n t 

l e n g t h exposures to w h i t e l i g h t . 
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F i g u r e 5.2 

S p e c t r o p h o t o m e t r i c scans a t 265 nm. 

o f s e p a r a t i o n o f RHA f r o m l e a v e s o f 

F. p r a t e n s i s by PAGE. E l e c t r o p h o r e s i s 

a t 4°C. i n EDTA b u f f e r ( L o e n i n g s ) . 

a. (W/V) PAGE g e l l o a d e d w i t h 

15 ^ g . RNA f r o m 18 h . l i g h t t r e a t e d 

l e a v e s . 

b . 2.65^ (w/v) PAGE g e l l o a d e d w i t h 

15 / i g . RNA f r o m d a r k - g r o w n l e a v e s . 

c. 7.5$^ (w/v) PAGE ge l l o a d e d w i t h 

50 p g . ERA f r o m 18 h . l i g h t t r e a t e d 

l e a v e s . 

d . 7.55^ (w/v) PAGE g e l l o a d e d w i t h 

30 ^ g . RNA f r o m d a r k grown l e a v e s . 
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I I . ' G r e e n i n g - u p . 

1 . Methods . 

Seeds o f F. p r a t e n s i s were sown i n a p p r o x i m a t e l y 1 .5 cm. 
d e p t h ac id-washed sand i n e i t h e r g l a s s P e t r i - d i s h e s o r perspex 

l i d d e d boxes and k e p t i n a cupboard i n a d a r k room a t 2 8 ° C . , 

w a t e r e d d a i l y w i t h 1 or ̂  ml. wa t e r r e s p e c t i v e l y . A l l m a n i p u l a t i o n s 

were conduc ted u s i n g a green s a f e l i g h t (40 l u x ) . ' G r e e n i n g - u p ' o f 

e t i o l a t e d t i s s u e was ach ieved by t r a n s f e r r i n g the s e e d l i n g s t o a 

F i s o n s Growth C a b i n e t w i t h i n c i d e n t w h i t e l i g h t o f 6200 l u x o r by 

p l a c i n g benea th a f l u o r e s c e n t l i g h t o f 180 l u x o r a t 6000 l u x . 

R a d i o i s o t o p e l a b e l l i n g o f g r e e n i n g t i s s u e was ach ieved by 

e x c i s i n g f o u r t e e n day o l d dark grown shoo t s , s t e r i l i z i n g them, and 

f l o a t i n g them on 10 m l . , s t e r i l e wa t e r c o n t a i n i n g 5/*Ci/ml. 

3H-aden ine . P e t r i d i s h e s c o n t a i n i n g shoots wh ich were t o be k e p t 

i n t h e d a r k were wrapped i n a lumin i iun f o i l and m a i n t a i n e d a t the 

same c o n d i t i o n s as the l i g h t - t r e a t e d shoo t s . 

C h l o r o p h y l l c o n t e n t was measured and r eco rded i n a r e l a t i v e 

manner ( F i g u r e 5 . l ) « Over 70 h . exposure t o l i g h t c h l o r o p h y l l 

c o n t e n t showed a g e o m e t r i c i n c r e a s e . 

2. N u c l e i c a c i d s and ' g r e e n i n g - u p . ' 

i . Q u a l i t a t i v e and q u a n t i t a t i v e comparison. 

F o u r t e e n day o l d dark grown s e e d l i n g s o f F. P r a t e n s i s were 

g i v e n 18 h . w h i t e l i g h t a t 6000 l u x . RNAs, e x t r a c t e d by Method 2 

( C h a p t e r 2,2.ii.c) were s p e c t r o p h o t o m e t r i c a l l y e s t ima ted and 

f r a c t i o n a t e d on 2.6^ (w/v) and 7.5% (w/v) PAGE g e l s ( F i g u r e 5.2). 

There were no q u a l i t a t i v e d i f f e r e n c e s i n the rRNA complement o f 

l i g h t - t r e a t e d and da rk -g rown s h o o t s ; c h l o i o p l a s t rRNAs were c l e a r l y 

p r e s e n t i n d a r k - g r o w n .;shoots as suggested by the work o f ĉvJi;£v {^17 
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There was an o v e r a l l drop i n ENA content of between 

10-12^ (W/W) as a r e s u l t o f l i g h t treatment, i n d i c a t i v e of 

l i g h t induced use and subsequent d e s t r u c t i o n . L i g h t enhanced the 

l e v e l o f c h l o r o p l a s t rENAs and the r a t i o of l a r g e to small 

r ibosomal subunits came c l o s e r to that f o r f u n c t i o n a l ribosomes. 

More s t r i k i n g d i f f e r e n c e s were apparent i n the low molecular weight 

RNAs. The dark grown shoots contained l a r g e r amounts of 

compared wi th the l i g h t - t r e a t e d shoots perhaps as a r e s u l t of the 

m o b i l i s a t i o n of tENAs i n response to l i ^ t . A t h i r d peak of 

HNA i s apparent i n l i ^ t - t r e a t e d shoots. The mean s i z e of 

c h l o r o p l a s t tRNAs i s greater than f o r cytoplasmic tRRAs ( W h i t f i e l d , 

1973) aJid t h i s in termediate peak may represent i n c r e a s e d 

c h l o r o p l a s t tRNA i n response to l i ^ t . T h i s may even provide the 

key to l i g h t enhanced p r o t e i n syntheses , p a r t i c u l a r l y as i t only 

appeared i n e a r l y phases of normal growth, i . e . the b a s a l s e c t i o n 
< ; 

of a l e a f and at e a r l y emergence of the l e a f . The 55 rEKA peak 

broadened on l i g h t treatment, suggest ive of i n c r e a s e d ch lorop las t '5S.' 

pBilA which i s l a r g e r than the cytoplasmic . T h i s may i n d i c a t e the 

enhanced f u n c t i o n a l c a p a c i t y of the c h l o r o p l a s t ribosome ( W h i t f i e l d , 197j ) 

Polyribosomes i n c r e a s e d on exposure to l i g h t but a f t e r 48 h. 

r e v e r t e d to p r e - l i g h t treatment amounts when expressed on a 

per g. f r e s h weight b a s i s ( F i g u r e 5 .5 )« T h i s pa t t ern was apparent 

f o r the e a r l y stages of development along the l e a f (Chapter 2, 

F i g u r e 2 . 2 9 ) . T h e i r polypeptide s y n t h e t i c c a p a c i t y was observed by 

i n t r o d u c t i o n into a wheatgerm c e l l - f r e e p o l y p e p t i d e - s y n t h e s i z i n g 

system. The c a p a c i t y dec l ined with the l ength of l i g h t treatment 

( F i g u r e 5 . 3 ) as apparent i n e a r l y stages of development along the 

l e a f ( c h a p t e r 3 , F i g u r e 3 . 7 ) » T h i s may r e s u l t from increased l e v e l s 

o f monoribosomes due to h igher l e v e l s o f polyribosome turnover as a 

consequence of both s y n t h e s i s and breakdown. Without f r a c t i o n a t i o n of 

the polyribosomes, the reason f o r the apparent decrease i n capac i ty 

must remain spec ia lat ive . 



F i g u r e 3 .3 

A. Ribosome content of shoots o f 

F . p r a t e n s i s g iven d i f f e r e n t l engths 

of white l i g h t treatment. 

B. P o l y p e p t i d e - s j T i t h e t i c c a p a c i t y of 

ribosomes expressed as cpm. of 

r a d i o i s o t o p i c a l l y - l a b e l l e d amino 

a c i d i n c o r p o r a t e d in to polypept ide 

per p.g. ribosome introduced i n t o the 

wheatgerm c e l l - f r e e system. 
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F i g u r e 3.4 

Spectrophotometric scan of 2.6/^ (w/v ) 

PAGE gel f r a c t i o n a t i o n of RRAs superimposed 

on the r a d i o i s o t o p e l a b e l d i s t r i b u t i o n 

a . from shoots exposed to 18 h . white 

l i g h t ( 1 8 4 L ) . 

b. from darkened shoots (D). 
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F i g u r e 3. 3 

So luble p r o t e i n content expressed on 

a per u n i t a r e a b a s i s of shoots of 

F . p r a t e n s i s given d i f f e r e n t l eng ths 

of white l i g h t treatment . 
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F i g u r e 3.6 

A c t i v i t i e s of d i f f e r e n t enzymes 

expressed per }i.g. p r o t e i n of shoots of 

F . p r a t e n s i s exposed to d i f f e r e n t 

l e n g t h s of white l i g h t . 
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i i . Badio- isotope l a b e l l i n g . 

The p a t t e r n of rad io - i so tope l a b e l l i n g of s p e c i f i c f r a c t i o n s 

of rBHA i s shown i n F i g u r e 5'4« The s y n t h e s i s of ch lorop las t rSKAs 

i s enhanced by l i g h t , p a r t i c u l a r l y 1.1x10^ ENA, but synthes i s of 

t h i s f r a c t i o n did . occur i n dark ^ a s . s shoots , confirming that 

l i g h t i s not a p r e r e q u i s i t e f o r c h l o r o p l a s t rRNA formation. The 

s l i g h t shoulder apparent i n F i g u r e 5.2 b, s l i g h t l y heav i er than 

0.7x10^ rENA, i s echoed by an i n c r e a s e d l e v e l of rad io - i so tope 

i n c o r p o r a t i o n ( F i g u r e 5«4 b ) . I t i s p o s s i b l e that t h i s i s some 

p r e c u r s o r a l ENA, perhaps o f 0.56x10^ rENA, which r e q u i r e s l i g h t 

f o r maturat ion . 

P r e l i m i n a r y work i n v o l v i n g r a d i o - i s o t o p e l a b e l l i n g of the 

p o l y ( A ) - c o n t a i n i n g ENAs suggested that l i g h t enhanced the s y n t h e s i s 

or p o s t - t r a n s c r i p t i o n a l m o d i f i c a t i o n of these ENAs by a t l e a s t 

f i v e f o l d , notably of the presumptive mENAs of high molecular 

weight , a s v i s u a l i z e d on 2 .6^ (w/V) PAGE g e l s . 

3. P r o t e i n s and 'greening-up. ' 

As repor ted f o r many spec ies ( f o r example, De-Deken G r e n s o n , 1 9 5 4 ; 

Mego and J a g e n d o r f , 1 9 6 1 ; Rhodes a n d Yemm, 1 9 6 3 ; S m i l l i e , 1969) 

s o l u b l e p r o t e i n content i n c r e a s e d as a r e s u l t of l i g h t treatment 

( F i g u r e 5 . 5 ) . T h i s i s cons i s t en t with the e a r l y phases of normal 

development as shown i n Chapter 3 , F i g u r e s 3-3 end 3.4 where the 

e a r l y i n c r e a s e i s fo l lowed by a d e c l i n e . 

4. Enzymes of phosphorus metabolism and ' greening-up. ' 

A l l the enzymes examined i n Chapter 4 were observed i n 

r e l a t i o n to 'greening-up' of fourteen day o l d dark grown t i s s u e 

( F i g u r e 5 . 6 ) . There were e s s e n t a i l l y two p a t t e r n s of enzyme response 

to l i g h t . Tyipe 1 showed an immediate i n c r e a s e (w i th in 2 h. ) fol lowed 

by a decrease and then another i n c r e a s e to a maximum at 24 h. , as 

e x e m p l i f i e d by a c i d ENAse,ark£ljnepynDphDsphata5e an<3 ;2̂ cic3 phosphoc3iesterase. 

The e a r l y i n c r e a s e , which was a l so apparent i n ATPase and a c i d 
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phosphatase, was u n l i k e l y to i n v o l v e n u c l e i c a c i d de novo s y n t h e s i s 

suggest ing cytoplasmic contro l operated a t t h i s time at t r a n s l a t i o n a l 

o r a c t i v a t i o n l e v e l s . The subsequent dec l ine probably r e s u l t e d from 

a delayed l a g i n the s y n t h e s i s of the p a r t i c u l a r enzyme, dur ing 

which time o ther enzymes ( type 2) may have been p r e f e r e n t i a l l y 

s y n t h e s i z e d , f o r example, ATPase, acidpj/rofihDSjiiaVs^e,sIkalijiepVvosphcx3iesLeiase 

and a c i d phosphatase. A c i d phosphatase, and to a l e s s e r extent,RH/^se and 

a l k a l i n e pyrophosphatase, are xmusual i n that they continue to show 

an i n c r e a s e a f t e r 70 h . l i g h t . I n the case of a c i d phosphatase t h i s 

i s c o n s i s t e n t with the e a r l y i n c r e a s e w i th in s i x days and a t 

sect ion . J ( F i g u r e 4 . 5 0 ) w h i l s t o ther enzymes mostly decrease i n t h i s 

p e r i o d . 

The responses of these enzymes to l i g h t do m i r r o r the l e v e l s 

a t e a r l y development ( F i g u r e s 4-25 - 4 .55 ) although the time s c a l e 

i s e f f e c t i v e l y reduced i n the a r t i f i c i a l system perhaps as a r e s u l t 

of a b u i l d up of the c a p a c i t y to respond to l i g h t dur ing enforced 

e t i o l a t i o n . 



F i g u r e 3.7 

R e l a t i v e c h l o r o p h y l l l e v e l s of 

exc i s ed s e c t i o n s of l e a v e s of 

F . p r a t e n s i s incubated f o r d i f f e r e n t 

l engths of time. 
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F i g u r e 3.8 

A. Ribosome content of exc i s ed 

s e c t i o n s of l e a v e s of 

F . p r a t e n s i s a t d i f f e r e n t 

l eng ths o f i n c u b a t i o n . 

B. P o l y p e p t i d e - s y n t h e s i z i n g c a p a c i t y 

of ribosomes expressed as cpm. of 

r a d i o i s o t o p i c a l l y - l a b e l l e d amino 

a c i d incorporated in to po lypept ide 

per Jig. ribosomes introduced i n t o 

the wheatgerm c e l l - f r e e systems. 



FIGURE 5,8 

A 

B 

2A A8 72 96 

hours after excision 

2A A8 72 96 

hours after excision 

120 



Figure 5.9 

Soluble protein content expressed 
per u n i t area of excised sections 
of leaves of F. pratensis incubated 
f o r d i f f e r e n t lengths of time. 
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I I I . Excision. 

1. Methods. 

Mature leaves of comparable age and length were cut in to 1 cm, 
sections a f t e r removal of the top 3 c™« an<i basal 1 cm. Following 
surface s t e r i l i z a t i o n they were placed lower side down on heat-
s t e r i l i z e d f i l t e r papers moistened with 5 ml. s t e r i l e water i n Pe t r i 
dishes. Following incubation f o r an appropriate time i n the dark at 
28 C. , sections were blot ted dry and extractions were carried out i n 
the normal way. 

The chlorophyll content was found to decline rapidly with 
incubation (Figure 5-1) fo l lowing excision. $6 h. represented an 
advanced stage of senescence on grounds of chlorophyll content. Loss 
of chlorophyll was fas te r than recorded by Thomas and Stoddart (1975) 
who noted a 50/» decrease by 72 h. Sections were completely yellow 
by 120 h. 

2. Nucleic acids and excision.' 

Only ribosome levels were observed i n the course of senescence 
fo l lowing excision (Figure 5.8 a) . Af te r an i n i t i a l increase i n 
ribosome content the level decreased with f t i r ther incubation. The 
polypeptide-synthesizing capacity (Figure 5«8 b) as judged by 
int roduct ion of ribosomes into a wheatgerm-derived ce l l - f r ee system 
increased over the f i r s t 24 h. fo l lowing excision but subsequently 
declined with a small increase p r io r to death. The i n i t i a l i n c r e a s e 

i s consistent wi th increased protein synthetic capacity at inc ip ien t 
senescence but i t might equally resul t from a wound response. 

3. Proteins and excision. 

Figure 5.9 shows an overall decline i n soluble protein content 
fo l lowing excision. An i n i t i a l increase ( l2 h. ) may resul t from 
contribution by the wound response. The decline i s consistent with 
those observed i n Figures 3.3 and 3.4 at l a te stages of development. 
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4. EnzyTPes of phosphorus metabolism and excision, (figure 5.1o) 

Most of the enzymes examined showed an overall increase i n 
a c t i v i t y over the incubation period with a decline apparent only 
beyond 96 - 108 h. Acid ENAse and ATPase both showed a decrease i n 
a c t i v i t y at 96 h. followed by a return to ear l ie r levels of a c t i v i t y . 
This corresponds to the turning point f o r a c t i v i t y of other enzymes 
and may be the resul t of proteolyt ic action pr ior to re-establishment 
of enzyme levels . This phase also corresponds to the increased 
protein synthesizing capacity (Figure 5.8 l^). Perhaps increased 
acid HNAse and ATPase levels resul t from synthesis at th is time. 
I n one res i i l t f o r acid phosphatase an increase i n a c t i v i t y was 
observed at 96 h. The s l i ^ t l y more rapid f a l l i n the level of 
pyrophosphatase a c t i v i t y i s consistent with the pattern of decline 
i n the normal ageing systems (Figure 4.28 and 4.29). 

Summary. 

Although overal l patterns of metabolism i n the a r t i f i c i a l 
development systems and the i n vivo systems of development are similar, the 
magnitude and timing of these changes vary considerably. I t would 
seem that these model systems are only re l iab le as indicators of 
the genersLl trends i n development. 



Figure 5.10 

Enzyme a c t i v i t i e s expressed per ^g . 
protein of sections of leaves of 
F. pratensis incubated f o r d i f f e r e n t 
lengths of time. The results of two 
separate experiments are given. 
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CHAPTER 6. TOEAT GEEM CELL-FEEE POLYPEPTIDE-SYNTHESIZING 
SYSTEM. 

1. Introduct ion. 
2. Wheatgerm c e l l - f r e e system used. 
5. Time courses f o r polypeptide synthesis directed by 

poly v. 
TMV-RNA 
pea embryonic ajcis polyribosomes 
F. pratensis polyribosomes 

4. Wheatgerm-minus system. 

5. E f f e c t of polyribosome concentration. 
6. Optimization of c e l l - f r e e system 

i . pH. 
2+ 

i i . Mg concentration 
i i i . concentration 
i v . creatine phosphokinase concentration 
V . spermine requirements. 

7. Charging of tRNAs. 
8. E f f e c t of ATA. 
9. Ef fec t s of the use of "Nonidet" i n polyribosome extraction. 
10. Comparison of polyribosome polypeptide-synthesis capacities. 

11. Comparison of "free" and "membrane-bound" polyribosome 

polypeptide-synthesis capacities. 

12. Summary. 
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1 . In t roduct ion. 
I t has long been known that i n v i t r o systems can incorporate 

amino acids in to polypeptides and that these depend on the presence 
of Jag , GDP or GTi and an energy generating system such as that 
created by the combination of phosphocreatine and creatine kinase 
(Kel le r and Zamecnik, 1 9 5 6 ; Rabson and N o v e l l i , 1 9 6 O ) . I n addition, 
cer tain soluble fac tors , some of which may be loosely bound i n 
polyribosomes i n vivo but which may be easily removed during 
ext rac t ion , are also required (Ochoa, 1 9 6 8 ) . I t i s the loss of 
these soluble fac tors which precludes the direct ion of polypeptide 
synthesis by p u r i f i e d polyribosomes i n v i t r o even when they are 
supplied wi th a l l other cofactors. A supply of these soluble factors , 
which include tRNAs and enzymes ( f o r example, those required f o r 
acylat ion and i n i t i a t i o n of polypeptide synthesis) can be achieved 
by the inclusion of a "wheatgerm S 2 3 extract" i n the ce l l - f ree 
polypeptide-synthesizing system. YiQieatgerm-derived ce l l - f r ee systems 
were f i r s t used successfully i n the translat ion of v i r a l mKRA 
(Roberts and Patterson, 1 9 7 3 ; Davies and Kaesberg, 1 9 7 3 ) - More 
recently refinement of the system has led to successful translation 
of mRRAs from a number of d i f f e r e n t plant sources - developing bean 
leaves (Giles et a l . . 1977)> Lemĵ a gibba (Tobin and Kle in , 1975)> 

soybean (Gordon and Payne,1976; Verma et a l . , 1 9 7 4 ) and pea 
epicotyls (Yerma et a l . , 1 9 7 5 ) - even to the extent of producing 
i d e n t i f i a b l e products (Verma et a l . , 1974> 1 9 7 5 ; Larkins et a l . • 
1 9 7 6 ; Sun et a l . , 1 9 7 5 ; Muntz, 1978; Evans et a l . . 1 9 7 9 ) . The 
wheatgerm polypeptide-synthesizing system has d i s t inc t advantages 
over other c e l l - f r e e systems ( f o r example, rabbit retic\xlocyte, 
f r o g oocyte) i n i t s low cost, ease i n preparation and i t s high 

t rans la t ional e f f i c iency . 
The introduction of polyribosomes into such a system does not 

require the occurrence of i n i t i a t i o n events. However, Sun et a l . 
( 1 9 7 5 ) showed (by inclusion of T-2 toxin , an i nh ib i t o r of i n i t i a t i o n , 
i n a bean polyribosomal ENA-directed wheatgerm ce l l - f ree system) 
that the polypeptide synthesis was reduced by yj^/o. This implies that 
associated with polyribosomes are mRNAs not yet i n the process of 
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being translated or , a l te rna t ive ly , assuming the p o s s i b i l i t y of 
repeated t rans la t ion , that some mENAs, having been translated, 
require i n i t i a t i o n events f o r fu r the r t ranslat ion. However, since 
monoribosomes are necessarily included i n t o t a l ribosomal RNA 
preparations, neither of these p o s s i b i l i t i e s requires the f \ inct ioning 
of the wheatgerm derived ribosomes. 

Introduct ion of poly(A)-containing ENA from F. pratensis into 
the wheatgeim c e l l - f r e e system provided inconclusive results and i n 
no instance did e f f i c i e n t t ranslat ion occur. However, introduction 
of ribosomal ERA into a s imilar system was successful. This was 
probably a r e f l e c t i o n of the greater quantity of mENA in'troduced, 
the funct ional capacity of which was protected by extraction as a 
component of polyribosomes. In addit ion, i t i s l i k e l y that translation 
would be more successful i n a system requir ing only the soluble 
factors derived from another source, i . e . , the wheatgerm, than one 
requir ing the f u l l funct ion of a l l the components of translat ion to 
be provided by the wheatgerm. I t was decided to compare the 
capacities f o r d i rec t ing ce l l - f r ee polypeptide synthesis of 
ribosomes extracted from leaf tissue from d i f f e r e n t stages i n 
ontogeny and to re la te these to i n vivo events (Beevers and Poulson, 
1972). 

2. Wheatgerm c e l l - f r e e system used, 
i . Wheatgerm extract "S23". 

Following the recommendations of Marcu and Dudock (l974) 
extracts were made from Niblack wheatgerm (see Biological materials). 
The d e s i r a b i l i t y of using a wheatgerm with low endosperm content and 
low endogenous RNA template a c t i v i t y was detailed by Senger and 
Gross (1976), and Niblack wheatgerm f u l f i l s these requirements. 

The method of obtaining the S25 extract was largely that of 
Marcu and Budock ( l974) . A l l solutions (minus DTT) , glassware and 
pestles and mortars were autoclaved p r i o r to use. 

The complete extraction was carried out at 4 C. 2 g. raw 
wheatgerm were ground i n a mortar, with an equal weight of crushed 
Pasteur pipettes, f o r approximately 60 s. 4 nJ-- of extraction 
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buf f e r consisting o f » -
20 mM. HEPES pH 7.6 ( K O H ) 

1 0 0 mM. potassium chloride 

1 mM. magnesium acetate 

2 mM. calcium chloride 

7 mM. DTT 
were added and gently swirled f o r a fu r the r 30 s. The resultant 
th ick paste was scraped into tubes and centrifuged at 22,000 g. 
f o r 12 min. i n a MSE "Superspeed" 50 TO centrifuge using a 

8 X 5 0 ml. angle rotor at 4°C. The ^260^^280 °^ 
supernatant were i n accordance with those of Marcu and Dudock ( l974 ) j 

i . e., approximately I . 4 . The supernatant was applied to a 

21x1 cm. Sephadex G-25 (medium) coliunn and eluted with "column 

b u f f e r " consisting o f : -
20 mid. HEPES pH 7.6 ( K O H ) 

1 0 0 mM. potassium chloride 
3 mM. magnesium acetate 
1 mM. DTT 

without r e s t r i c t i n g the f low. The fas t moving beige turbid region 
(which separated from a slow moving yellow region) was collected i n 
10 drop f rac t ions from which 30 pi. were d i lu ted i n 3 nil* water f o r 
spectrophotometric estimation. Fractions giving a di luted A^^^ of 
greater than O . 9 uni ts were pooled and centrifuged as before f o r 
20 min. The A^^^ of the resultant supernatant was i n the region 
75 - 90 un i t s . 200 pi. aliquots were stored under l i q u i d nitrogen 
u n t i l required. Since prolonged storage at -70°C. impairs the 
a c t i v i t y (Marcu and Dudock, 1974) new batches were prepared at 
least every three weeks. 

i i . Cofactor "mix". 
Stock solutions were made up under a laminar f low clean a i r 

cabinet, as fo l lows, and stored at -20°C. f o r up to 6 weeks. 

Where appropriate solutions were f i l t e r e d using mil l ipore (0.2 ji) 
f i l t e r s at weekly in tervals to ensure s t e r i l i t y . 
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(a) 

( t ) 
(c ) 
(d) 
(e) 
( f ) 
(g) 

20 mM. ATP 
2 mM. GTP 

160 mM. creatine phosphate 
40 mM. DTT 

kept as stock 
i n 10 ml. 

spermine 1.01 mg./ml. 
creatine phosphokinase 4 mg./ml. ^QF/o (V/v) glycerol 
1 M. HEPES pH 7.9 (with K O H ) 
100 mM. magnesium acetate 
1 M. potassium chloride 

amino acid stock containing 1 mM. of the L-isomers of 

alanine 
arginine 
asparagine 
aspartic acid 
cysteine 
cystine 
glutamic acid 
glutamine 
glycine 
h i s t id ine 
isoleucine 
lysine 
methionine 
proline 
serine 
threonine 
tryptophan 
tyro sine 
valine 

In order to solubil ize 
tryptophan, tyrosine and 
cystine, the solution was 
brought to pH 8 with KOH. 
Stocks were stored i n 80 ; i l . 
al iquots so that amounts 
used did not have to go 
through more than one cycle 
of freezing and thawing. 
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The fo l lowing volumes of stock solution were mixed so that 
t he i r contr ibut ion to the f i n a l concentration ( i . e . , i n the 50 } i l . 
assays) woiild be those f igures noted i n brackets:-

Volume 
mixed. 

(a) stock ^ ATP 
GTP 

( creatine phosphate ) ^ ' ^ ] ^ 
( 

or 

(b) 

(c) 

(d) 

( f ) 
is) 
(h) 

( i ) 

( j ) 

^ DTT 
spermine 
creatine phosphokinase 
HEPES 
potassium chloride 
amino acids 

Concentration 
i n f i n a l assay. 

1 mM.) 
0.1 mM. ) 
8 mM. ) 
2 mM. ) 
0.25 mM.) 
120 jug./ml. ) 
6 mM. ) 
21.7 mM. ) 
0.02 mM. each) 

water 
14 
14 

C-leucine 
C-amino acids 

2.5 pi. 
1.5 pi-
0.3 jtii . 

1.07 ; i i . 

1 ;al . 

3.13 pi-
3 ; i l . (1,5 AiCi.) 
3 / i l . ( 5 / i C i . ) 

Total 15 yul. 
Eibosomal pel le ts were resuspended i n "column buffer" (lOO T 

200 pi-). 20 pi. were added simultaneously with 15 pi. wheatgerm 
extract S23 to 15 pi. aliquots of the "mix" i n s t e r i l i zed Durham 
tubes. These were immediately sealed with plungers from disposable 
1 ml. syringes, shaken and then transferred to pre-incubated test 
tubes (dry inside) and allowed to incubate f o r 40 min. at 50°C. 

The f i n a l assay concentrations of those constituents also 
contributed by the wheatgerm extract and the polyribosome 
suspension were:-

Contributions from 

"mix" 

HEPES 
magnesium acetate 
potassium chloride 

ribosome 
8 mM. 
1.2 mM. 
40 mM. 

Total. V?heatgerm 
20 mH. 6 mM. 6 mM. 
2.1 mM. 0.9 mM. 0 

112 mM. 30.3 mM. 21.7 mM. 

+ 20 mM. i n adjusting 

HEPES to pH 7.9. 

Termination of the assay was achieved by p ipe t t ing 20 or 

40 pi. al iquots on to G F / C discs simultaneously with 200 ^g . BSA 

( i n 50 ^ 1 . ) and immediately plunging the discs into 10^ (w/v) 
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t r ich loroacet ic acid. The discs were then "washed" i n several 
volumes o f 55̂  ( W / Y ) t r ich loroacet ic acid. Removal of charged tRNAs 
was achieved by heating at 8 0 - 85°C. i n 5Ĵ  ( W / Y ) t r ichloroacet ic 
acid f o r at least 1 5 min. F ina l ly the discs were washed i n 
ethanol : acetone ( 1 : 1 , V/v) three times and twice i n acetone 
p r i o r to drying at 60°C. f o r a few minutes. The discs were 
transferred to s c i n t i l l a t i o n v i a l inserts and fo l lowing addition 
of 2 ml. s c i n t i l l a t i o n f l u i d were counted as described previously 
(chapter 2, 2 XV' )• s c i n t i l l a t i o n f l u i d s were either 

0,5^ W/V PPO ) 
10?Sw/Y naphthalene] in1 ,4 -d ioxan 

or Tr i ton X : toluene 1:2 Y / Y 
containing 0.25^ PPO. 

Time course and e f f i c i ency of t ranslat ion. 
i . Ribosomes were extracted by method 1 (Chapter 2, 2 v i . a.) 

at pH 8.5 from 0.5 g* of 24 h. germinated embryonic axes. 
90 ^g. ribosomal RNA were introduced into a wheatgerm ce l l - f r ee 
polypeptide-synthesizing system. (Since estimates f o r the percentage 
of mRNA present i n polyribosomes are between 1 - 3 ^ (Marcu and 
Dudock, 1974; Grierson et a l . , 1976) th is represents between 
1.1 - 5.3 jiig. mRNA which i s well wi thin the range of translatable 
capabi l i ty of the 50 jul.assay system: f o r example, Marcu and Dudock 
reported saturation by addit ion of 4. 5 / i g . TMY-RNA; Giles et a l . (1977) 
used 5 ^ g . poly(A)-containing RNA. ) The incorporation above 
background achieved a f t e r 30 min. amounted to a tenfold stimulation. 

i i . Polyribosomes from complete leaves of F. pratensis were 
extracted by method 1 at pH 8.5. 5 pg. were introduced into the 
wheatgerm ce l l - f r ee polypeptide-synthesizing system. As i n the 

pea polyribosome-directed system incorporation plateaued at 30 min. 

These incorporation rates are characterist ic of ce l l - f ree 

amino-acid-incorporating systems f ree from bacterial contamination 

(Boulter , 1970) (Figure 6, I ) 



FIGURE 6,1 

I n c o r p o r a t i o n o f ^H-leucine i n t o 

ho t t r i c h l o r o a c e t i c ac id i n s o l u b l e 

m a t e r i a l i n wheatgenn c e l l - f r e e 

po lypep t ide - syn thes i z ing system 

as d i r e c t e d by 

A. 90 pg . ribososmes from pea 

embryonic axis 

B. 5 ^ g . ribosomes from F. p ra t ens i s . 
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TABLE 6.1 

The requirement f o r so luble f a c t o r s 

der ived f rom the wheatgerm S23 

e x t r a c t . The polypept ide syn thes iz ing 

system was set up minus the wheatgerm 

and minus the added rihosomes. 

FIGURE 6.2 
The r e l a t i o n s h i p between q u a n t i t y o f 

ribosomes in t roduced i n t o the 

wheatgerm c e l l - f r e e system and the 

rad io i so tope incorpora ted i n t o 

po lypept ides . 



TABLE 6.1 stimulation 
over 

cpm background 

complete system 393i10 6 

minus wheatgerm 75^3 1-2 

minus ribosomes 70 i3 1-0 

estimated 
polypeptide made 

CNI Q) 

(punoj5>jDPq - ) ujdD 



TABLE 6.2 
The e f f e c t o f pH on the wheatgerm 

c e l l - f r e e po lypept ide syn thes iz ing 

system when suppl ied w i t h 

polyr ibosomal M A from F. p ra t ens i s . 

The complete systems inc luded 

2.1 mM. Mg^"^, 92 mM. K^, 0.25 mM. 

spermine. Incuba t ion was f o r 30 min. 

and 30 f^S' polyribosomes were 

in t roduced i n t o the sj-^stem. 

FIGURE 6. 3 
The e f f e c t o f Mg concent ra t ion on 

the e f f i c i e n c y o f the wheatgerm 

c e l l - f r e e po lypept ide syn thes iz ing 

system c o n t a i n i n g 92 mM. a t pH 7.4 

i n the presence ( o D ) 

o r absence ( • • ) o f 0. 25 tM. 

spermine. 



TABLE 6.2 stimulation 
over 

cpm background 

complete pH 7 4 295^5 9-8 

minus mRNA 30-2 

complete pH6-5 7012 3 5 

minus mRNA 20 iT 

complete pH 7-9 3343^90 3-1 

minus mRNA 1090 130 

CO 

(X) 

LU 
cr 

O 

o 
o 
CNI 

4 

g < Q 

O 
CD 

O 
CNJ 

O 
C30 

O 

(punoj6>iopq-)aidD 

CNJ 

CD 

CD 

I D 

CO 

CNI 
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4. Wheatgerm-minus system. 
To conf i rm the need f o r the "soluble f a c t o r s " cont r ibu ted by 

the S23 e x t r a c t i n polyribosome-directed polypept ide synthesis , 

assays were c a r r i e d out s u b s t i t u t i n g 15 pi- "column b u f f e r " f o r 

the wheatgerm ex t r ac t . Table 6. 1 shows t h a t no inco rpora t ion o f 

amino acids occurred i n the absence o f the wheatgerm ex t r ac t . 

5. E f f e c t o f polyribosome concent ra t ion . 

The i nco rpo ra t i on was l i n e a r l y r e l a t e d to the ribosomes added, 

as was p rev ious ly found f o r polyribosomes o f French bean and soybean 

by Sun et a l . (l975) and Beachy e t a l . ( l978) r e spec t ive ly . Rone of 

the concentra t ions appeared to saturate the polypept ide-synthes iz ing 

system (Figure 6, 2) . Tobin and K l e i n (1975) demonstrated sa tura t ion 

of the wheatgerm c e l l - f r e e system on i n t r o d u c t i o n o f 5 / i g -

p o l y ( a ) - c o n t a i n i n g RNA. Regardless o f whether t h i s sa tu ra t ion was 

as a r e s u l t o f exhaustion o f ribosomes or soluble components, i t 

would f o l l o w tha t ribosome i n t r o d u c t i o n would not be s a tu ra t i ng 

below 500 ^ g . This i s consis tent w i t h the f i n d i n g s o f Sun et a l . 

(1975) where sa tu ra t ion was apparent at A^^^ o f 7 u n i t s 

(approximately 600 ^ g . ) . 

6. Op t imiza t ion of the system. 

i . pH. 
Marcu and Dudock (1974) noted t h a t pH was c r i t i c a l i n the 

ope ra t i on o f the wheatgerm d e l l - f r e e system, recording a loss o f 

e f f i c i e n c y o f 30^ i f the pH was r a i sed or lowered 0.3 pH u n i t s 

above o r below the optimum of pH 7«4« The observations recorded i n 

Table 6. 2 bear out these f i n d i n g s . The h igh values f o r the counts 

obta ined us ing pH 7*9 r e s u l t from work c a r r i e d out a t Durham 

u s i n g ^H-leucine o f h igh s p e c i f i c a c t i v i t y . 

2+ 
i i . Mg concent ra t ion . 

2+ 
The t r a n s l a t i o n of mRHA i s very sens i t ive to Mg concentra

t i o n b u t the opt imal concentrat ion appears to be spec ies -spec i f ic . 

Dependence on wheatgerm ribosomes f o r polypept ide synthesis, 

i . e . by supply ing p o l y ( A ) - c o n t a i n i n g ENA o r v i r a l EKA, requires 
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2+ a Mg concent ra t ion o f 2 - 2.5 mil. (lilarcu and Dudock, 1974; 
Tobin and K l e i n , 1975i Gi les e t a l . . 1977; Beachy et a l . , 1978). 
However, i n the absence o f spermidine the optima f o r French bean 
polyribosome and soybean ribosome - d i r e c t e d polypept ide syntheses 
are 6 mM. and 4 mM. r e spec t ive ly (Sun et a l . » 1975; Beachy et a l . , 
1978, r e s p e c t i v e l y ) . Beachy et a l . (l978) also noted a s h i f t i n 

2+ 

Irig optimum on a d d i t i o n o f 0.4 ^olL spermidine, from 4.0 liill. to 

2.5 Evans et a l . ( l979) noted an optimum o f 5*0 i 'or 

polyribosomes f rom pea embryonic axes i n the presence o f spermidine. 

I n the l i g h t o f the r e p o r t by Tarwood et a l . (1971) suggesting tha t 
2+ 

p - s i t e attachment requires h igh Mg l e v e l s , i t i s s u r p r i s i n g tha t 
2+ 

the Mg requirement of a system r e q u i r i n g p - s i t e occupation 

( i . e . , on i n t r o d u c t i o n o f mENA) should be lower than requi red by 

a system most ly completing i n i t i a t e d polypeptides ( i . e . , on 
i n t r o d u c t i o n o f polyribosomes). 

2+ 
The Mg optimum f o r F. pra tens is ribosomes was found to be 

4 - 5 mM. s h i f t i n g to 2 - 5 mM. i n the presence o f 0.25 ^ 
spermine (Figure 6, 3 ) . 

i i i . K"*̂  concentra t ion. 

K*" concentra t ion i s also c r i t i c a l f o r c e l l - f r e e polypeptide 

synthesis bu t seems to have a broader opt imal range. Again, the 

requirement i s spec i e s - spec i f i c . Po ly (A ) - con t a in ing MA from 

Lemna gibba having an optimtun o f 80 mM. (Tobin and K l e i n , 1975)» 

TM7-RKA o f 90 - 110 mM. (Marcu and Dudock,. 1974)» soybean 

poly ( a ) - c o n t a i n i n g MA 105 - 155 mM. , soybean polyribosomal MA 

55 - 85 mM. (Beachy et a l . , 1978) and pea embryonic axis 

polyr ibosomal M A 80 mM. (Evans e t a l . , 1979) which suggests no 

p a r t i c u l a r d i f f e r e n c e i n the mMA and polyribosomal requirements. 

The K^ optimum f o r F. pratensis ribosomes l i e s i n the range 

85 - 110 mM. (Figure 6, 4)-



FIGURE 6.4 

The e f f e c t o f K*" concen t ra t ion on 

the e f f i c i e n c y o f the wheatgerm 

c e l l - f r e e polypept ide syn thes iz ing 
2+ 

system con ta in ing 2 .1 mM. Mg , 

0.25 spermine a t pH 7•4' 
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TABLE 6. 3 

The t M A charging a b i l i t y o f the 

wheatgerm c e l l - f r e e system 

a. Ydthout ribosomes added, 

b . w i t h ribosomes f rom F. p ra tens i s 

added, amd 

c. w i t h ribosomes f rom pea added 

a f t e r JO min. i ncuba t ion under 

standard c o n d i t i o n s . 

+ cyclohex. r e f e r s to the 

i n c l u s i o n o f 10 jig. o f 

cycloheximide i n the incuba t ion . 

TCA = t r i c h l o r o a c e t i c ac id . 



TABLE 6.3 cpm 
incorp"^ 
over equivK 
zero. 

^' minus ribosomes 2120t20 26 

+ cyclohex. 2225^20 25 

hot TCA 
insol. 83^3 1-3 

zero time 83^3 — 

+ cydohex. 
zero time l l O i S — 

hot TCA 
" insd.zero 

time 
65-̂ 2 — 

'^plus Fpratensis ribosomes 1550^15 25 

hot TCA 
insol. A 2 5^8 6 8 

% counts unused 72-6°/o — 

""•plus pea ribosomes. 1A2A112 28 

hot TCA 
insol. 7 80-no 16 

°/o counts unused A5-2°/o — 
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i v . Creatine phosphokinaee concentrat ion. 

Creat ine phosphokinase i s essent ia l to the energy generat ing 

capaci ty o f the c e l l - f r e e system. O r i g i n a l l y added a t a 

concen t ra t ion o f 40 jxg./ml., several r epor t s ind ica ted the 

requirement f o r greater concentrat ions. A d d i t i o n of 120 jug . /ml . 

showed very s l i g h t enhancement o f polypept ide synthesis ( 55̂ )• 

However, t h i s was maintained to ensixre tha t energy generation was 

not l i m i t i n g . 

V . Spermine requirements. 

Spermine and spermidine have r e g u l a r l y been used i n c e l l - f r e e 

systems as they o f t e n s t imula te amino ac id inco rpora t ion . Their 

mode o f a c t i o n i s s t i l l obscure. A polyamine s i m i l a r to spermine 

has been found associated w i t h TMY-virions (Johnson and Markham, 

1962) end spermidine has been found to be a normal const i tuent o f 

some ribosomes, apparently f u n c t i o n i n g i n maintenance o f r M A 

i n t e g r i t y (U lb r cht and Szer, 19^7). Spermidine has been shown to 

provide as much as 46/̂  i n h i b i t i o n o f MAse (Payne and Loening, 1970). 

Marcu and Dudock (l974) repor ted tha t spermine-induced s t imula t ion 

was only apparent i n the TMV-MA d i r ec t ed system and i n f a c t some 

i n h i b i t i o n was noted on i t s i n c l u s i o n i n a hen oviduct polyribosomal 

M A - d i r e c t e d system. 
A d d i t i o n o f spermine to F. pra tens is ribosome-directed wheatgerm 

c e l l - f r e e system d i d not enhance amino ac id incorpora t ion a t i t s 

op t ima l Mĝ "*" concentrat ion (4 mM. ) (Figure 6, 5), but i t s t imulated 
2+ 

amino ac id i nco rpo ra t i on more than f o u r f o l d a t 2 mM. Mg . 

7. Charging o f t M A s . 
I n order to e l imina te the p o s s i b i l i t y o f polypeptide 

synthesis being l i m i t e d by a v a i l a b i l i t y o f t M A , con t ro l s were 

s imul taneously c a r r i e d out w i t h r o u t i n e experiments. These involved 

r e c o r d i n g the incorpora ted amino acids which had not been s o l u b i l i z e d 

by h e a t i n g i n 5^ (w/v) t r i c h l o r o a c e t i c ac id f o r 15 min. A measure o f 

the charging o f undi rec ted tRNAs could be assessed by sub t rac t ing 

the value f o r hot t r i c h l o r o a c e t i c ac id in so lub le incorpora t ion f rom 

these c o n t r o l values (Table 6, 3). 10 jig. cyclohexamide were 



FIGURE 6. 5 
The e f f e c t o f i n c l u d i n g 0.1 mM. ATA 

i n the wheatgerm c e l l - f r e e 

po lypep t i de - syn the s i z ing system 

d i r e c t e d by ribosomes f rom F. p ra t ens i s . 

^ — A . p lus ribosomes 

plus ribosomes + ATA 

Z ! r - - A minus ribosomes, i . e . , endogenous 

o D liiinus ribosomes + ATA. 

TABLE 6.4 
Results o f three separate experiments 

g i v i n g the i n c o r p o r a t i o n s o f r a d i o a c t i v i t y 

i n t o t r i c h l o r o a c e t i c a c id i n s o l u b l e 

m a t e r i a l i n c e l l - f r e e polypept ide 

s j T i t h e s i z i n g systems d i r e c t e d by ribosomes 

f rom F. p ra tens i s leaves ex t rac ted i n 

the presence o r absence of 'Nonide t ' 

o r r e - e x t r a c t e d i n i t s presence. 
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plus Nonidet 515 22 685 27 393 18 

minus Nonidet' 385 lA-5 520 18 280 12 

re-extracted 
plus 'Nonidet' 130 73 190 9 110 6-5 

TABLE 6.A 
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i nc luded i n a con t ro l l a c k i n g introduced mRNA. I t s presence d i d not 

reduce the i nco rpo ra t i on i n t o hot t r i c h l o r o a c e t i c ac id soluble 

m a t e r i a l , f x i r t h e r imp ly ing tha t these were the r e s u l t o f tRNA 

charg ing . Table 6, 3 shows tha t regardless o f the mRNA introduced 

there was an excess of charged tKRAs ava i l ab l e a t a l l t imes. 

8. E f f e c t o f ATA i n the incuba t ion . 

ATA i s an i n h i b i t o r o f i n i t i a t i o n events (Marcus et a l . , 1970) 

and has been shown to prevent TMV-RNA d i rec ted polypeptide synthesis 

i n a wheatgerm c e l l - f r e e system (Marcus et a l . , 1970; Beachy et a l . , 

1978). I t s e f f e c t on polyribosome d i r ec t ed amino ac id incorpora t ion 

has been found to be n e g l i g i b l e (Beachy et a l . , 1978) or m i l d 

(Marcus e t a l . , 1970)« This presumably confirmed tha t only nascent 

polypept ides were being completed i n v i t r o . This i s i n contrast to 

the r e p o r t o f an up to 30?° s t i m u l a t i o n o f incorpora t ion by the 

a d d i t i o n of bean polyribosomes which was a t t r i b u t a b l e to r e i n i t i a t i o a i 

(Sun et a l . , 1975; see Chapter 6 . 5) 'but t h i s could r e f l e c t the 

d i f f e r e n t e f f i c i e n c i e s of the i n i t i a t i o n i n h i b i t o r s used. Since 

t r a n s l a t i o n a l con t ro l mechanisms opera t ing i n vivo might be l o s t i n 

the programming o f a c e l l - f r e e system, the l ack of e f f e c t o f 

i n c l u s i o n of ATA also confirms tha t the synthet ic s t a t e ' ^ f the 

polyribosomes i n vivo i s maintained i n v i t r o and only those 

polypept ides already i n i t i a t e d are completed. 

2 . 5 ^ 1 . ATA were added to the "mix" to give a f i n a l concent

r a t i o n o f 0.1 mM., r ep lac ing some o f the water a d d i t i o n . The time 

courses f o r i nco rpo ra t i on of amino acids i n t o polypeptides were 

u n a f f e c t e d by ATA a d d i t i o n , suggesting t ha t the incorpora t ion was a 

r e s u l t o f completion of nascent polypeptides (Figure 6, 5) . From 

endogenous c o n t r o l data i t can be seen tha t the 6/« d i f f e r e n c e , 

presumably due to i n i t i a t i o n events, could a l l be a t t r i b u t e d to 

endogenous a c t i v i t y . 
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9. E f f e c t o f "Honidet" P40 e x t r a c t i o r o f ribosomes on 

subsequent i n v i t r o a c t i v i t y . 

Eibosomes were prepared from leaves o f F. pra tens is i n the 

presence and absence o f "Konidet" P40, and subsequently introduced 

i n t o the c e l l - f r e e system. The inco rpora t ion achieved by ribosomes 

ex t rac ted w i t h "Nonidet" P40 present at the onset equalled t ha t 

achieved by siunmation o f the incorpora t ions of "Nonidef -minus 

ex t rac ted and "Nonidet"-plus re -ex t rac ted ribosomes ( i . e . , " f r e e " 

p lus "bound") (Table 6 , 4 ) . This would suggest that "Nonidet" does 

no t i n t e r f e r e w i t h i n v i t r o a c t i v i t y . Sun et a l . (1975) observed no 

i n t e r f e r e n c e i n i n v i t r o a c t i v i t y when bean polyribosomes were 

i s o l a t e d i n the presence o f 0.4^ (W/V) "Konidet" P40 and Beachy et a l . 

(1978) even found e x t r a c t i o n i n 15» (V/v) T r i t o n X-100 d i d not have a 

de t r imen ta l e f f e c t on subsequent i n v i t r o behaviour. 

10. Comparison o f ribosome capacity along the l e a f . 

Ribosomes were ext rac ted by methods 1 and 2 (Chapter 2, 2 v i a ) . 

The 100,000 g. p e l l e t s were re-suspended i n wheatgerm "column b u f f e r " 

and c l a r i f i e d by c e n t r i f u g a t i o n a t .13,000 g. f o r 1.5 min. 

20 pi. a l i q u o t s were int roduced i n t o wheatgerm c e l l - f r e e systems and 

were incubated f o r 40 min. a t 30°C. T r i ch lo roace t i c a c i d - p r e c i p i t a t e d 

m a t e r i a l s were coimted and r e l a t e d to the quan t i ty o f polyribosomes 

in t roduced . Figure 6. 6 shows the r e s t i l t s of f o u r such experiments 

expressed as s p e c i f i c a c t i v i t i e s , i . e . , cpm. incorporated i n t o 

polypept ide per jig. ribosomes added. The va r i ab le r e s u l t s are, once 

again , probably due to the l a c k o f r e p r o d u c i b i l i t y amongst F. pratensis 

popula t ions and the d i f f e r e n c e s i n growth pa t t e rn incur red by s l i g h t 

d i f f e r e n c e s i n growing cond i t ions . Furthermore, although f u l l y 

developed leaves were used i n a l l instances, the time f o l l o w i n g 

a t ta inment of- f i i l l ma tu r i t y was not taken i n t o account. From 

morphological records made i t i s f e a s i b l e to s h i f t the ontogenic 

sequence o f O back (these leaves were harvested i n the winter of 

1978: p l an t s were slow growing dur ing t h i s per iod and therefore slow 

to senesce; the ap ica l sections of these mature leaves were s t i l l SOfo 
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The syn the t i c capaci ty o f ribosomes 

ex t rac ted from sect ions a long the 

mature l e a f o f F. p ra tens i s on 

i n t r o d u c t i o n i n t o the wheatgerm 

c e l l - f r e e system. 
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FIGURE 6 .7 
The syn the t i c capac i t i e s o f rihosomes 

ex t rac ted f rom sect ions a long the 

l e a f o f F. p ra tens i s sho-wn i n Figure 6 , 6 , 

r e - a l i g n e d on the basis o f morphological 

development. 

FIGURE 6 .8 

Shows the syn the t i c capac i t i es o f 

polyribosomes ex t rac ted f rom sect ions 

a long the l e a f o f F. p ra t ens i s . 

p.g. polyribosomes were estimated from 

the r a t i o o f poiyxibosomes to 

monoribosomes obta ined from 2 . 2 ^ PAGE 

gel p r o f i l e s . 
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green) , and (D and @ can be regarded as having developed one 

stage f u r t h e r ( the ap ica l sections were SO^ y e l l o w ) . These were 

f rom summer grown p l a n t s , the leaves o f which tended to grow to a 

greater l eng th than win te r grown leaves and, by matxi r i ty , the 

ap i ca l sect ions always showed advanced senescence. Regardless o f 

t h i s re-a l ignment f o r ontogenic comparison purposes (Figure 6, 7) 

i t can be seen tha t i n each case there are a t l e a s t two peaks o f 

increased capaci ty f o r p r o t e i n synthesis and depending on the exact 

stage o f development of the l e a f these are s h i f t e d accordingly along 

the l e a f . Taking the r e s u l t s together , i t would seem l i k e l y that 

there are three periods o f ra i sed syn the t i c capacity end these 

appear to correspond w i t h the phases o f increased p r o t e i n synthesis . 

a l ready noted (Chapter 3)* However, because of the v a r i a b i l i t y both 

seasonal and experimental , these r e s u l t s are necessar i ly only 

t e n t a t i v e . The most notable c r i t i c i s m must l i e i n the low l eve l s of 

polyribosomes extracted and the low l e v e l s o f amino ac id incorpora t ion 

which tiiey d i r e c t . Furthermore, the percentage of non- func t iona l 

monoribosomes was no t recorded i n these instances. Figure 6. 8 

shows one experiment where the s p e c i f i c a c t i v i t i e s were corrected 

f o r polyribosomes alone. This must necessar i ly provide a be t te r 

i n d i c a t o r o f polypeptide synthe t ic capaci ty but requires very much 

increased y i e l d s of ribosomes f o r simultaneous PAGE or sucrose 

dens i ty gradient analys is . The problems associated w i t h t r y i n g to 

increase the y i e l d o f ribosomes from F. pra tens is l e a f t issues have 

a l ready been o u t l i n e d (Chapter 2, 2 v i . ) , but u n t i l t h i s i s achieved 

and the precise t i m i n g of l e a f development recorded the r e s u l t s 

must remain speculat ive a l b e i t cons is tent w i t h the proposed course 
2+ 

o f l e a f development. L i n et a l . ( l 9 7 5 ) observed a s h i f t i n l lg 
requirement f o r amino acid i nco rpo ra t i on i n t o polypeptides as 

d i r e c t e d by polyribosomes from young and o l d com leaves. The 
2+ 

higher Mg requirement f o r ribosomes from o l d t issue was i n t e r 

pre ted as r e s u l t i n g from increased amounts o f unoccupied p - s i t e s . 
2+ 

This imp l i e s tha t a considerat ion of the Mg optima not only i n the 

c e l l - f r e e p ro t e in - syn thes i z ing system but also i n the ribosome 
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e x t r a c t i o n may be c r i t i c a l i n comparison o f the synthe t ic capacity 

o f polyribosomes f rom d i f f e r e n t aged t i s sue . For unequivocal 

comparison, f u l l assessment o f these p o s s i b i l i t i e s wo\ild have to 

be made. 

11. Comparison o f polypept ide-synthes iz ing capacity o f 

"membrane-bound" and " f r e e " ribosomes. 

Ribosomes were extracted according to method 2 (Chapter 2, 2 v i a) 

w i thou t detergent . The 10,000 g. p e l l e t s were re -ex t rac ted w i t h equal 

volumes o f b u f f e r con ta in ing 0.4^ "Nonidet" P40. The f i r s t and second 

supematants were regarded as conta in ing " f r e e " and "membrane-bound" 

ribosomes r e spec t ive ly and subsequent ex t rac t ions were as usual . 

20 pi. a l i q u o t s o f resuspended ribosome p e l l e t s were introduced i n t o 

the wheatgerm c e l l - f r e e system. Figure 6. 9 ind ica tes qui te d i f f e r e n t 

capac i t i e s f o r these two classes o f ribosome. The "membrane-bound" 

ribosomes appeair to be more ac t ive i n polypeptide synthesis at 

senescence al though i t must be remembered tha t the " f r e e " ribosome 

popu la t i on i s much i n f l a t e d by monoribosomes derived from 

degradat ion o f polyribosomes and, since these w i l l be i n a c t i v e , 

the s p e c i f i c a c t i v i t y w i l l be a r t i f i c i a l l y low t h i s time 

(Chapter 2 , Figure 30). The membrane-bound nature o f the 

po lypep t ide - syn thes i z ing polyribosomes at senescence may be designed 

to ensure p r o t e c t i o n , both o f the polyribosomes and products , f rom 

the degradative enzymes i n abundance at t h i s stage. A l t e r n a t i v e l y 

they may be so loca ted as to release the products , which may be 

degradat ive enzymes, i n a compartmentalized fash ion . 

12. Summary. 
I n a general way, the periods when there i s h igh ribosomal 

syn the t i c a c t i v i t y (Chapter 2, Figures 20, 26) are consistent w i t h 

per iods o f increased polypeptide synthet ic a b i l i t y (Figure 6, S) , 

i . e . , a t po in t s 4 and 7 a long the l e a f . These are also po in ts where 

there i s a h igh " f r e e " to "bound" r a t i o amongst the ribosome 

popula t ions (Chapter 2, Figure JO). Since there i s a h igh percentage 

o f monoribosomes a t p o i n t 4 (Chapter 2 , Figure 31) the actual 



FIGURE 6 .9 
The syn the t i c capac i t i e s (expressed 

as cpm, ^ g " ' ' ) o f the ' f r e e ' and 

'membrane-bound' popula t ions o f 

ribosomes ex t rac ted f rom sect ions 

a long the l e a f o f F. p r a t ens i s . 
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s p e c i f i c a c t i v i t y o f syn the t ic capacity of f r e e ribosomes may be 

much grea te r than i m p l i e d i n Figure 6. $. I t t he re fo re f u r t h e r 

suggests t ha t p o i n t 4 represents a per iod o f h igh turnover and 

h i g h syn the t i c a c t i v i t y o f both RKA and polypept ides which i s 

f u r t h e r confirmed by the h igh inco rpora t ion o f rad io- i so tope l abe l 

i n t o so lub le p ro te ins i n vivo (Chapter 5, Figure <̂  ) . The h igh 

amounts o f 0.58x10^ rRNA, which are supposed to be associated w i t h 

a c t i v e ribosomes, correspond, to some degree, w i t h the periods of 

increased syn the t ic capacity (Chapter 2, Figure 25). 

Furthermore, h igh p o l y ( A ) - c o n t a i n i n g mRNA syntheses also coincide 

w i t h the h igh a c t i v i t y o f polyribosomes a t po in t s 4 and 7 

(chapter 2, Figure. 55)*. Although i t may be argued tha t the 

h i g h ribosome content a t po in t s 2 and 6 (Chapter 2, Figure- 29) 

may be the cause o f the apparent ly lowered synthe t ic capac i t ies , 

these do no t correspond to periods o f h i ^ monoribosome 

percentages (Chapter 2, Figure 31) and the actual values obtained 

do no t support t h i s suggestion since the l e v e l s o f incorpora t ion 

were by no means constant. 

The empi r i ca l evidence would suggest tha t there are at l e a s t 

two areas o f h igh metabolic a c t i v i t y , po in t s 4 and 7, and probably 

a t h i r d a t the base o f the l e a f . 
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General Discussion. 

I t i s c lea r t ha t the course o f development o f leaves o f 

F. p ra tens i s r e s u l t s from h i g h l y involved metabolic co r r e l a t i ons 

and no one f a c t o r can be exc lus ive ly regarded as having pr imary 

c o n t r o l . There i s a constant o v e r a l l pa t t e rn i n t h e i r development, 

presumably o f genet ic o r i g i n , which i s modi f i ed and adapted by 

preva len t c e l l u l a r and e x t r a c e l l u l a r condi t ions . The r e p e t i t i o n 

o f the three phases o f increased metabolic a c t i v i t y w i t h ageing 

throughout t h i s work woiild suggest tha t these are symptomatic o f 

an u n d e r l y i n g genetic programme. However, the t i m i n g and magnitude 

o f these phases i s va r i ab l e ( f o r example, the v a r i a t i o n s due to 

seasonal growth d i f f e r e n c e s amongst the p l an t m a t e r i a l ) . 

The ea r ly phase o f increased a c t i v i t j ^ has been w e l l 

documented and r e s u l t s f rom the h igh metabolic a c t i v i t y associated 

w i t h c e l l d i v i s i o n and exposure to l i g h t . The phase o f increased 

a c t i v i t y associated w i t h senescence has also received much 

a t t e n t i o n , p a r t i c u l a r l y i n conjunct ion ?ri.th the debate as to i t s 

p o s i t i v e c o n t r i b u t i o n to p l a n t development. The r e s u l t s obtained 

here serve to conf i rm both these phases and, i n a d d i t i o n , have 

i n d i c a t e d tha t ageing along the ax is o f a mature l e a f can be used, 

w i t h some rese rva t ions , as a m i r r o r f o r whole l e a f ageing w i t h 

t ime. P u l l m a t u r i t y was reached by day 49 t h i s may be 

co r r e l a t ed w i t h p o i n t 6 a long the l e a f us ing a l a rge number o f 

d i f f e r e n t parameters. A t these po in ts metabolic a c t i v i t y i s 

switched to catabolism which has been shown to necessar i ly invo lve 

the synthesis o f new p r o t e i n syn the t ic machinery, increased 

a c t i v i t i e s o f ca tabo l i c enzymes and even the appearance o f novel 

isoenzymes. Having achieved the new c e l l u l a r emphasis, the p r o t e i n 

s y n t h e t i c machinery i t s e l f comes under the degradative hammer. 

Thus, nuc leo t ides and amino acids accumulate b r i e f l y p r i o r to 

t r a n s l o c a t i o n and redeployment and a l l but purely degradative 

enzymes decl ine i n a c t i v i t y . The death o f the l e a f i s programmed 
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to r e s u l t i n the mimimum loss o f resources. 

The phase o f increased a c t i v i t y midway i n development has 

no t rece ived the same a t t e n t i o n as these other two phases and may 

w e l l t u r n out to be c r i t i c a l i n the t i m i n g o f subsequent events. 

Al though evidence would suggest tha t such a phase i s present i n 

whole l e a f development i t was more e a s i l y p inpoin ted and examined 

i n development along the l e a f . Po in t 4 sees an increase i n nucle ic 

a c i d synthesis (Figures 2.20, 2 .26) , maximal ribosome synthesis 

(F igure 2 .32) , an increase i n soluble p r o t e i n synthesis (Figure 3-6), 

a h igh ' f ree ' : 'membrane bound' r a t i o o f ribosomes (Figure 2.30)> 

h i g h ribosome polypept ide-synthes iz ing capaci ty (Figure 6.8) and 

h i g h po lyadenyla t ion o f mRKA (Figure 2.35). The polyribosome 

p r o p o r t i o n o f ribosomes increases compared to monoribosomes 

subsequently (Figure 2. 31 ) as does the . 0.36X10^ rRNA content 

(F igure 2.25)- There i s an increase i n ribosomal breakdown products 

(Figures 2.23, 2.24) and a h igh p r e f e r e n t i a l i ncorpora t ion o f 

r a d i o i s o t o p i c a l l y - l a b e l l e d precursor i n t o monoribosomes ra ther than 

polyribosomes (Figure 2.33)* evidence would suggest tha t 

t h i s i s a pe r iod o f r a p i d turnover and replacement o f c e l l u l a r 

cons t i t uen t s associated w i t h e a r l y growth. 

A number o f p o s s i b i l i t i e s f o r f u r t h e r i n v e s t i g a t i o n a r i se 

f rom t h i s p r e l i m i n a r y work. I t would be p r o f i t a b l e to work to 

increase the y i e l d o f ribosomes obtainable from por t ions along the 

l e a f o f F. pra tens is such t ha t s u f f i c i e n t r a d i o i s o t o p i c a l l y - l a b e l l e d 

amino acids may be incorpora ted i n t o products o f c e l l - f r e e 

po lypep t ide - syn thes iz ing systems d i r ec t ed by them. I n t h i s way 

p a i r t i c u l a r products may be i d e n t i f i e d e l e c t r o p h o r e t i c a l l y o r , more 

conc lu s ive ly , by immune chemistry. I t woiild also be i n t e r e s t i n g to 

compare the products o f c e l l - f r e e polypept ide-synthes iz ing systems 

d i r e c t e d by d i f f e r e n t s ize classes o f polyribosome. This would be 

f e a s i b l e even w i t h r e l a t i v e l y low y i e l d s of ribosome f o l l o w i n g 

e lec t rophores i s and d i r e c t use o f e lu ted s l i c e s o f aciylamide gel 
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since i t has been shown tha t acrylamide does no t poison the 

c e l l f r e e system (Chapter 2. 2 i x . d . ) . 

An i n t e r e s t i n g comparison may be obtained from i n t r o d u c i n g 

ribosomes from d i f f e r e n t aged whole leaves i n t o a c e l l - f r e e 

po lypep t ide - syn thes iz ing system. 

An a l t e r n a t i v e approach to the i n v e s t i g a t i o n o f the t i m i n g 

o f p a r t i c u l a r enzyme syntheses would invo lve the p o s i t i v e 

i d e n t i f i c a t i o n of p r o t e i n f r a c t i o n s l a b e l l e d i n v ivo . This would 

r equ i re ref inement o f the e l ec t rophore t i c i d e n t i f i c a t i o n procedure 

and the a p p l i c a t i o n o f t h i s to complete or p a r t i a l l y p u r i f i e d 

r a d i o i s o t o p i c a l l y - l a b e l l e d p r o t e i n ex t rac t s . 

Figures GD 1 and 2 siimmarize some of the major changes i n 

metabol ic a c t i v i t y associated w i t h development. 



FIGURE GD 1. 

Periods o f h i g h metabol ic a c t i v i t y (shaded) du r ing the 
development o f the complete 4th. l e a f o f F. p ra tens i s . 

A. Tota l n u c l e i c ac id synthesis . 

B. Cytoplasmic RNA synthes is . 

C. Chloroplas t RITA synthes is . 

D. Soluble p r o t e i n synthes is . 

E. P a r t i c u l a t e p r o t e i n synthesis . 

F. Re l a t i ve synthesis so luble 57»000 MW p r o t e i n . 

G. Re l a t i ve synthesis o f so lub le 18,000 MW p r o t e i n . 

H. Re la t ive synthesis o f so luble 15»000 MW p r o t e i n . 

I . Re l a t i ve synthesis o f so lub le 20,000 MW p r o t e i n . 

J . Re la t ive synthesis o f p a r t i c u l a t e 37,000 MW 

p r o t e i n . 

Enzyme a c t i v i t i e s : -

K. RNAse. 

L . A c i d pyrophosphatase. 

M. A l k a l i n e pyrophosphatase. 

H. ATPase. 

0. A l k a l i n e phosphatase. 

P. Phosphodiesterase. 

Q. Ch lo rophy l l l e v e l . 
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FIGURE GD 2. 

Areas o f h igh metabolic a c t i v i t y (shaded) du r ing the 
development along the mature l e a f o f F. p ra t ens i s . 

A. Tota l n u c l e i c a c i d synthesis . 

B. Cytoplasmic RNA synthes is . 

C. Chloroplas t RNA synthes is . 

D. Soluble p r o t e i n synthes is . 

E. P a r t i c u l a t e p r o t e i n synthes is . 

F. Polyribosome : monoribosome r a t i o . 

G. P o l y ( A ) - c o n t a i n i n g RNA synthes i s . . 

H. Free : membrane bo land ribosome r a t i o . 

I . Polyribosome : monoribosome s y n t h e s i s . r a t i o . 

J . P r o t e i n syn the t i c capaci ty o f ribosomes. 

Enzyme a c t i v i t i e s : -

K. RNAse. 

L . Ac id pyrophosphatase 

M. A l k a l i n e pyrophosphatase 

N. ATPase. 

0. A l k a l i n e phosphatase. 

P. Phosphodiesterase. 

Q. Ac id phosphatase. 

R. Ch lo rophy l l l e v e l . 
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SUKMA-EY 

1. Chapter 1, I I I i . 

Changes i n l e a f l ength and f r e s h weight have c l a s s i c growth 

curve c h a r a c t e r i s t i c s . A f a l l i n f r e s h weight i s apparent 

between day 29 and day 49 presumably due to vacuolat ion . 

A decrease due to senescence occurs a f t e r day 49 when the 

l e a f has reached f u l l l eng th . 

2. Chapter 1, I I I i i » 

Maximum c h l o r o p h y l l content occurs a t day 42. Loss of 

c h l o r o p h y l l due to senescence occurs beyond day 49« 

Maximum ch lorophy l l content occurs a t po int 5 along the 

l e a f and degradation occurs beyond point 6. 

5. Chapter 1, I I I i i i . 

F i b r e content was s u b j e c t i v e l y a s se s sed at a maximum at 

day 57 and point 7 along the l e a f . 

4. Chapter 2, 2 i i . f . 

E x t r a c t i o n of n u c l e i c a c i d s u s i n g DEP i n c r e a s e s the y i e l d 

(by a t l e a s t 50^) over that obtained u s i n g t r a d i t i o n a l 

phenol methods. I t a l so r e s u l t s i n improved subsequent 

e l e c t r o p h o r e t i c separat ion of rERAs. 



5. Chapter 2. 2 i i i . c. 

2+ 
Mg must be present i n the n u c l e i c a c i d a t t r a c t i o n b u f f e r 
i n order to mainta in the i n t e g r i t y of the 1.1x10^ rRNA. 

2+ 

I f the Mg concentrat ion i s s u f f i c i e n t l y high ( > 10 mM. } 

d u r i n g e x t r a c t i o n i t s presence during subsequent 

e l e c t r o p h o r e s i s i s not v i t a l p a r t i c u l a r l y i f t h i s i s 

c a r r i e d out a t 4°C. 

6. Chapter 2. 2 i i i d. 

2+ 

5 mM. EDTA o r 5 mM. Mg e l e c t r o p h o r e s i s b u f f e r s give the 

b e s t r e s o l u t i o n i n e l e c t r o p h o r e t i c separat ion of ENAs. 

2h. 50min. e l e c t r o p h o r e s i s time i s optimal and lowered 

temperatures ( 4 ° C . ) provide the best condit ions f o r 

maintenance of the 1.1x10^ rRNA. 

7. Chapter 2. 2 v i . a . 

L i q u i d i s the most e f f e c t i v e homogenization procedixre 

f o r l e a v e s of F . p r a t e n s i s . 

8 . Chapter 2. 2 v i . b. 

The most s u i t a b l e e x t r a c t i o n b u f f e r s f o r polyribosome 
+ 2+ 

e x t r a c t i o n conta in high K :Mg r a t i o a t pH 8.^. 

9. Chapter 2. 5 i . a. 

.s 

EtJA content of the whole l e a f of P. p r a t e n s i s i j i c r e a s e s with 

age to a maximum at day 55. Dec l ine due to senescence ii 

apparent a f t e r day 49* 

IQIA content o f p o r t i o n s a long the l e a f i s maximal at 

p o i n t 5. Senescent breakdown occurs beyond point 6. 



10. Chapter 2. ^ i> b. 

Three peaks of i n c r e a s e d t o t a l n u c l e i c a c i d synthes i s are 
observed i n both developmental systems. These occur a t day 24, 
day 55 said day ^6, po in t s 1, 5-4 and 1-8. 

11. Chapter 2. ? i . c. 

Cytoplasmic rRNAs dec l ine with age beyond day 42 with a 

concomitant i n c r e a s e i n breakdown products . 

Cytoplasmic rRNAs d e c l i n e beyond point 5. At points 5 sxid 7 

s y n t h e s i s i n c r e a s e s with concomitant reduct ion i n appearance 

of breakdown products . 

C h l o r o p l a s t i c rRKAs dec l ine more r a p i d l y than cytoplasmic 

rRNAs i n both developmental systems. The i n c r e a s e s i n 

0.56x10^ r M A may r e f l e c t enhancement by breakdown products . 

12. Chapter 2. 3 i . d. 

The e a r l y maximal syntheses of c h l o r o p l a s t i c r M A s (po int 1 

and day 24) precede the e a r l y maximal syntheses of cytoplasmic 

rRNAs (po int 2 and day 24) i n both developmental systems. 

Syntheses o f 1.5x10^ and 0.7x10^ rRNAs are c l o s e l y l i n k e d but 

the syntheses of the 1.1x10^ and 0.56x10^ rRNAs do not 

c o r r e l a t e suggest ing t h a t , u n l i k e the cytoplasmic rRlTA 

subuni t s , c h l o r o p l a s t i c rRNA subunits are not der ived from the 

same high molecular weight p r e c u r s o r . 

There i s cons iderable s y n t h e s i s of a l l rRNA f r a c t i o n s a t 

senescence (day 57 and point 7 ) . 



13. Chapter 2. 3 i i i . a. 

E ibo some content was maximal a t two po int s along the l e a f 
corresponding to the two po in t s of maximal t o t a l n u c l e i c a c i d 
content (po int 2 and po int s 5-6). 

The r a t i o of f r e e to membrane-bound ribosomes i n c r e a s e s a t 

senescence and a l so at po in t 4« The r a t i o of polyribosomes to 

monoribosomes i s h igh at three per iods i n development along 

the l e a f , a t po ints 1, 5 and 6-7. At point 4 there i s a drop 

i n t h i s r a t i o . 

14. Chapter 2. 3 i i i . b. 

Ribosome s y n t h e s i s i s h igh a t p o i n t 4 along the l e a f and a 

dramat ic i n c r e a s e i n s y n t h e s i s occurs a t senescence, points 7-8' 

At both po in t s r a d i o i s o t o p i c a l l y - l a b e l l e d precursors enter the 

monoribosome f r a c t i o n i n pre ference to the polyribosome 

f r a c t i o n . P e r i o d s of apparent i n c r e a s e d polyribosome assembly 

occur a t p o i n t s 2, 5 and 8. 

15. Chapter 2. 3 i v . . 

E l e v a t e d per iods of po lyadenyla t ion of mRNA occur at points 1, 

4 and 7 a long the l e a f . 

16. Chapter 3. I l l ' i -

So luble and p a r t i c u l a t e p r o t e i n i n c r e a s e s to a maximiun a t 

day 49 beyond which senescent d e c l i n e ensues. 

So luble and p a r t i c u l a t e p r o t e i n content a lso i n c r e a s e s along 

the l e a f , d e c l i n i n g with senescence beyond point 6. 



n. Chapter 3. I l l , i i . 

Both developmental systems ehoiir h igh r a t e s of so luble prote in 

s y n t h e s i s a t e a r l y and senescent stages of development (points 

1 and 7> day 24-29 and day 62). Ageing a long the l e a f shows a 

d e c l i n e i n p a r t i c u l a t e p r o t e i n s y n t h e s i s from e a r l y development 

and on ly a s l i ^ t i n c r e a s e a t po int 6 , whereas p a r t i c i i l a t e 

p r o t e i n s y n t h e s i s i n temporal ageing shows a d i r e c t 

c o r r e l a t i o n with so lub le p r o t e i n s y n t h e s i s . 

I n a d d i t i o n , age ing along the l e a f shows a t h i r d phase of 

i n c r e a s e d so lub le p r o t e i n s y n t h e s i s a t po int 4. 

18. Chapter 3- I I I , v. 

The r e l a t i v e syntheses of four major so lub le pro te ins and 

three major p a r t i c u l a t e p r o t e i n s d i s p l a y e s s e n t i a l l y two 

p a t t e r n s dur ing development of the whole l e a f . The soluble 

p r o t e i n s (57,000 MW, 20,000 m and 15,000M¥) show an e a r l y and 

l a t e phase of i n c r e a s e d r e l a t i v e s y n t h e s i s (day 29 and day 49). 

The p a r t i c u l a t e p r o t e i n s (57,000 MW, 15,000 MW and 12,000 MW) 

and one so lub le p r o t e i n (18,000 ITW) show e a r l y and mid-

development s y n t h e t i c phases (day 29 and day 42). 

19. Chapter 4. I I . 

Optimal condi t ions f o r assay of ATPase, a c i d and a l k a l i n e 

RNAse, a c i d and a l k a l i n e pyrophosphatase, a c i d and a l k a l i n e 

phosphatase and a c i d and a l k a l i n e phosphodiesterase are 

recorded . 

20. Chapter 4. H I . i -

ATPase and a l k a l i n e and a c i d pyrophosphatases show s i m i l a r 

p a t t e r n s of a c t i v i t y i n whole l e a f ageing, d i s p l a y i n g an e a r l y 



peak (day 35-42) and a l a t e peak (day 55-62) of a c t i v i t y . 

A l k a l i n e pyrophosphatase (to which an anabol ic f u n c t i o n i s 

a t t r i b u t e d ) a c t i v i t y i s four times that f o r a c i d 

pyrophosphatase (to which a c a t a b o l i c funct ion i s a t t r i b u t e d ) 

dur ing the e a r l y peak, but t h i s drops by h a l f i n the l a t e r 

peak. 

A l l three enzymes show high a c t i v i t y a t the base of the l e a f 

and i n c r e a s e d a c t i v i t y a t po in t s 5-6. The r a t i o of a l f e l i n e 

pyrophosphatase to a c i d pyrophosphatase does not dec l ine a t 

senescence as observed f o r whole l e a f ageing. 

RNAses and phosphodiesterases fo l low s i m i l a r pat terns i n both 

developmental systems. A l l show a l a r g e i n c r e a s e i n a c t i v i t y 

at senescence and an i n c r e a s e a t e a r l y development. A c i d RNAse 

i s approximately 50/̂  more a c t i v e than a l k a l i n e RlJAse a t a l l 

phases u n t i l senescence when the a c t i v i t i e s are s i m i l a r . 

A l k a l i n e phosphatase shows three peaks of increased a c t i v i t y 

a t e a r l y development (po int 2-5, dsiy 24-29), mid-development 

( P o i n t 5-6, day 40-49) and at senescence (point 8, day 56-59). 
A c i d phosphatase d i s p l a y s a s l i g h t l y e a r l i e r mid-peak (po int 5-4, 

day 55-40). 

21. Chapter 4. I l l , i i . 

A c i d phosphatase shows a s h i f t i n emphasis of isoenzymes with 

development. A novel isoenzyme of high molecular weight 

appears a t i n c i p i e n t senescence (po int 6). 

22. Chapter 4- H I ' i i i » 

A l l the enzymes a s s o c i a t e d with phosphorus metabolism 

i n v e s t i g a t e d show major a c t i v i t y as soc ia ted with the so luble 

f r a c t i o n . ATPase has some a s s o c i a t i o n with membranes. The a c i d 



and a l k a l i n e isoenzymes of phosphodiesterase and the a c i d 

and a l k a l i n e isoenzymes of pyrophosphatase are not s i m i l a r l y 

l o c a t e d i n the c e l l . 

23. Chapter 5. I I . 2 i . 

There are no q u a l i t a t i v e d i f f e r e n c e s i n the rRNA complement 

of l i g h t - t r e a t e d and dark grown shoots of F . p r a t e n s i s . 

ENA content drops (by 10-12^) as a r e s u l t of l i g h t treatment. 

L i ^ t enhances the l e v e l of c h l o r o p l a s t rHNAs and the r a t i o 

of l a r g e to smal l r ibosomal subunits becomes c l o s e r to that 

f o r f u n c t i o n a l r ibo somes. 

Dark grown shoots conta in h igher amounts of tHNA. 

Pres-umptive c h l o r o p l a s t tfiNA appears as a r e s u l t of exposure 

to l i g h t . 

Eibosomes i n c r e a s e on exposure to l i g h t . A f t e r 48h. the l e v e l 

r e v e r t s to p r e - l i ^ t treatment amounts. The polypeptide 

s y n t h e t i c capac i ty of the r ibo somes d e c l i n e s s l i g h t l y with 

prolonged l i g h t treatment. 

24. Chapter 5. I I . 2 i i . 

S y n t h e s i s of 1.1x10^ rElTA i s enhanced by l i ^ t but synthes i s 

a l s o occurs i n the dark. 

25. Chapter 5. I I . 5. 

So luble p r o t e i n i n c r e a s e s as a r e s i i l t of l i g h t treatment. 



26. Chapter 5. 11. 4. 

Two patterns of response of enzymes of phosphorus 
metabolisiB to l i g h t are apparent. Type 1, exemplified by 
a c i d ENAse, a c i d Phosphodiesterase and a l k a l i n e 
pyrophosphatase, show an immediate i n c r e a s e i n a c t i v i t y 
( 2 h . ) followed by a decrease which i s followed by an 
i n c r e a s e a t 24h. 

ATPase, a l k a l i n e phosphodiesterase and a c i d pyrophosphatase 

show high a c t i v i t y a t 12h. A c i d phosphatase, a c i d and 

a l k a l i n e RNAses and, debatably, a l k a l i n e pyrophosphatase 

continue to show an i n c r e a s e i n a c t i v i t y a f t e r 70h. 

27. Chapter 5. I I I . 2. 

Ribosome content decreases f o l l o w i n g e x c i s i o n of the l e a f 

a f t e r an i n i t i a l i n c r e a s e over the f i r s t 12h. T h e i r 

p o l y p e p t i d e - s y n t h e s i z i n g capac i ty a l s o decreases with a 

smal l i n c r e a s e a t senescence (96h.) 

28. Chapter 5. H I . 3. 

So lub le p r o t e i n d e c l i n e s f o l l o w i n g e x c i s i o n a f t e r an 

i n i t i a l i n c r e a s e over the f i r s t 12h. 

29. Chapter 5- I I I . 4. 

Most of the enzymes of phosphorus metabolism i n v e s t i g a t e d 

show an o v e r a l l i n c r e a s e i n a c t i v i t y f o l l o w i n g e x c i s i o n 

wi th a d e c l i n e only apparent beyond 96-108h. The i n c r e a s e i n 

a c i d RNAse and ATPase a t 108h. immediately fo l lows the period 

of i n c r e a s e d ribosome po lypept ide - synthes i z ing capac i ty . 



30. Chapter 6. 10. 

Three phases of i n c r e a s e d po lypept ide - synthes i z ing capac i ty 
are ev ident i n development along the l e a f , a t e a r l y 
development (po in t l ) , mid-development (point 4-5) and a t 
senescence (po in t 7-8) . 

31. Chapter 6. 11. 

The p o l y p e p t i d e - s y n t h e s i z i n g c a p a c i t i e s of 'membrane-bound' 

and ' f r e e ' ribosomes d i f f e r , p a r t i c u l a r l y a t l a t e r stages . 

At po in t s 5 and 8, 'membrane-bound' ribosomes are p o t e n t i a l l y 

more a c t i v e than ' f r e e ' ribosomes. The ' f r e e ' ribosome 

popi i lat ion may be i n f l a t e d a t these po ints due to 

monoribosomes so that s p e c i f i c a c t i v i t i e s may be a r t i f i c i a l l y 

low. 



APPENDIX A. 

P u r i f i c a t i o n of BNAse, 

I . I n t r o d u c t i o n . 

I I . Methods 

a . A f f i n i t y chromatography procedure f o r RNAse 

p u r i f i c a t i o n . 

b. Sephadex G-100 chromatographic procedure f o r 

RNAse p u r i f i c a t i o n . 

I I I . Summary. 

I . I n t r o d u c x i o n . 

A c t i v e RNAse i s present at high l e v e l s i n senescent l eaves of 

F . p r a t e n s i s ( F i g u r e 4'26 and F i g u r e 5'10) and, by v i r t u e of i t s 

s p e c i f i c and c e n t r a l r o l e , i n v e s t i g a t i o n of i t s metabolism would 

provide an i n t e r e s t i n g probe in to the senescence phenomenon. I t i s 

one of the few enzymes which has been shown to be synthes ized at 

t h i s s tage (Thomas, 19755 Baumgartner et a l . , 1975; Sacher: and 

D a v i e s , 1974)' There have been c o n f l i c t i n g repor t s concerning the 

r e l a t i o n s h i p between RNAse a c t i v i t y and RNA content ( f o r example, 

K e s s l e r and Enge lberg , 1962; P h i l l i p s and F l e t c h e r , 1969; P h i l l i p s 

et a l . , 1969) and there have been s e v e r a l reports i m p l i c a t i n g 

s p e c i f i c BNAses i n the a g e - r e l a t e d d e c l i n e i n RNA ( S r l v a s t a v a , 1968b. 

Hadz iyey e t a l . , I969). E i l a m et a l . (1971) proposed that only the 

l a t e r s tages of the d e c l i n e i n RNA were c o r r e l a t e d with RNAse 

l e v e l s , e a r l i e r s tages a r i s i n g by other means. The specu la t ive 

n a t u r e of a l l these r e p o r t s gave credence to the value of i s o l a t i n g 

and p u r i f y i n g p a r t i c u l a r ENAse isoenzymes i n order to r a i s e s p e c i f i c 

a n t i b o d i e s f o r immunochemical i d e n t i f i c a t i o n both i n s i t u 

( i n t r a c e l l v d a r l o c a t i o n ) and of products of F . p r a t e n s i s 

r ibosome-d irec ted c e l l - f r e e po lypept ide - synthes i z ing systems. 



C e l l u l a r l o c a t i o n work would provide evidence of compartmentation 

which may be s i g n i f i c a n t i n the progress of development. The 

s u b t l e t i e s o f compartmentation would tend to be masked by the 

u s u a l r i g o r o u s e x t r a c t i o n methods. 

The f o l l o w i n g attempts were u l t i m a t e l y imsuccess fu l but 

important a d d i t i o n a l informat ion was obtained as a r e s u l t which 

i s worthy o f r e p o r t i n g here . 

I I . Methods. 

a . A f f i n i t y chromatography. 

The method of Baumgartner et a l . (1975) f o r a f f i n i t y 

chromatography as an e f f i c i e n t and f a s t p u r i f i c a t i o n of ENAse 

was. adopted f o r F . p r a t e n s i s . 3 €• cyanogen bromide-act ivated 

Sepharose 4B were al lowed to swe l l by washing with a t o t a l of 

600 ml . 1mM. HCl i n a Buchner f u n n e l . The swollen gel was mixed 

wi th a 5 mg. /ml. s o l u t i o n of ADP i n 100 mil sodium carbonate and 

500 mM. sodium c h l o r i d e b u f f e r a t pH 5. The s o l u t i o n was shaken 

gent ly a t 4 ° C . f o r 48 h. The degree of coupl ing was measured by 

spectrophotometr ic measurement of the ADP so lu t ion at A^^Q before 

and a f t e r the coupl ing per iod which amounted to I . 3 6 mg. ADP/ml. 

g e l . The s u b s t i t u t e d gel was washed with carbonate b u f f e r and 

then wi th ethanolamine f o r 2 h. a t room temperature. F i n a l l y , the 

gel was washed a l t e r n a t e l y with carbonate b u f f e r and 100 mM. 

sodium a c e t a t e with 500 mM. sodium c h l o r i d e b u f f e r at pH 4. The gel 

was then s tored a t 4°C. under carbonate b u f f e r conta in ing sodium 

cyanide ( 0 . 2 ^ W / v ) . 

20 g. mixed-aged l e a v e s of F . p r a t e n s i s were ground f o l l o w i n g 

f r e e z i n g i n l i q u i d n i t r o g e n , u s i n g a p e s t l e and mortar. 75 inl. 20 mM. 

sodium a c e t a t e b u f f e r (pH 5) were added together with 0 .5 g. PVP. 

F o l l o w i n g c e a t r i f u g a t i o n at 16,000 g. f o r 15 min. the supernatant 

was heated a t 55°C. f o r 1 hour. Denatured p r o t e i n was removed by 

f u r t h e r c e n t r i f u g a t i o n a t 16,000 g. f o r 15 min. 42 g. ammonium 

sulphate were added to the supernatant which was s t i r r e d b r i s k l y 

f o r 1 h . a t 4 ° C . The p r e c i p i t a t e was c o l l e c t e d by c e n t r i f u g a t i o n a t 

16,000 g. f o r 15 min. and resuspended i n 10 ml. 3 sodiiam acetate 



F i g u r e A .1 

P u r i f i c a t i o n of RNAse by a f f i n i t y chromatography. 

ADP-Sepharose e l u t i o n s are those r e f e r r e d to 

i n the texts 

i . e . , I . 5mM. sodium a c e t a t e . 

I I . 20mM. sodium a c e t a t e 

I I I . 200mM. sodium a c e t a t e + 200mlL 

sodium c h l o r i d e . 

I V . 200mM. sodium a c e t a t e + 1„5M. 

sodium c h l o r i d e . 



FIGURE A.I 

s tep volume RNAse Protein Specific 
activity 

ml U.ml-l mgml'' U.mg-1 

heat 
denaturation 75 0-273 0-566 0-48 

:Nh^)2S0^ 
precipitation 10 0-56A 099 0-57 

supernatant 
(from b ) 100 0-307 0-284 108 

ADPSepharcse 
elutions 

1 10 0-A79 0-566 0-8A 

n 6 0-308 0-283 109 

m 10 0-273 0-283 0-96 

r? 5 0273 0-d70 3-89 



F i g u r e A. 2 

Sephadex G-100 column e l u t i o n p r o f i l e of RNAse 

p u r i f i c a t i o n . 

C a l i b r a t i o n of the colximn was ach ieved by 

e l u t i o n of s tandard s o l u t i o n (2 m l . ) 

c o n t a i n i n g 5 mg. /ml. bovine-serum albumin ( B S A ) 

and Cytochrome C (Cyt C ) . 
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buffer (pH 5) were added together with 0.5 g. PVP. Following 

centrifugation at l6,000 g. for 15 min. the supernatant was 

heated at 55°C. for 1 hour. Denatured protein was removed by 

further centrifugation at 16,000 g. for 15 min. 42 g. animonium 

sulphate were added to the supernatant which was s t i rred br i sk ly 

for 1 h. at 4°C. The precipitate was collected by centrifugation 

at 16,000 g. for 15 min. and resuspended in 10 ml. 3 mH. sodium 

acetate buffer (pH 5) and loaded onto the ADP-Sepharose column 

(1x12 cm.). E l u t i o n , without r e s t r i c t i n g flow, was carried out 

using 5 sodium acetate ( l ) followed by 20 mJI. sodium acetate ( l l ) 

followed by 200 mM. acet ic acid containing 200 mM. sodium 

chloride ( i l l ) and, f i n a l l y , 200 mM. acetic acid containing 1.5 1̂ -

sodium chloride ( I V ) . The resixlts, in Figure A.I suggest that 

binding was incomplete. Some pur i f i cat ion was achieved but, even 

bearing i n mind the possible improvement in precipitation of ETIAse 

by r a i s i n g the ammonium sulphate l e v e l , the amounts obtained 

would s t i l l be extremely low. 

b. -Rephadex G-100 chromatographic procedure for puri f icat ion 

of KKAse. 

64 g. of F . pratensis l ea f tissue were extracted as outlined 

above. However, following the centrifugation of heat-denatured 

protein, 20 ml. al iquots of the resultant supernatant were loaded 

onto a Sephadex G-100 column (4x2? cm.) previously equilibrated with 

20 mM. sodium acetate buffer (pH 5). Separation was achieved by 

ascending elution by means of a Perpex pump at a flow rate of 

0.45 ml./min. Following a void volume of 57 ml. » 5.0 ml. fract ions 

were col lected and assayed for acid ENAse ac t iv i ty (Figure A. 2) . 

The major active fract ions (25 - 54) were pooled and concentrated 

by u l t r a f i l t r a t i o n i n a 4.7 cm. s t i rred molecular f i l t r a t i o n c e l l 

f i t t e d with a 'Pe l l i con ' membrane (IO.5 cm. ) . Operating pressure 

was exerted v i a a Luer locking adaptor from a nitrogen cylinder at 

69 - 105 KPa. The volume was reduced by SO^o. On one occasion this 

concentrated extract was dialysed overnight at 4°C. against 2.5 !• 

d i s t i l l e d water pr ior to f i irther puri f icat ion by preparative 



Figure A.3 

P u r i f i c a t i o n of ERAse using Sephadex G-100 

chromatography. 



FIGURE A.3 

s tep vol ume RNAse Protein Specific 
activity 

' A—'• 

ml U.ml-'' mgrnl"' U.mg-T 

crude 
extract 200 0-26^ 2830 0 0 9 

heat 
denaturation 120 0-250 2-500 010 

SephadexGlOO 
170 0171 0 058 2-97 

ultrafilttBtion 
15-6 0295 0-256 1-15 

SephadexG-25 
31 0219 0 256 0-85 

ultrafiltration 
2-6 0250 0-2A6 102 



starch gel electrophoresis. RNAse ac t iv i ty was markedly reduced 

by d i a l y s i s and could not be located on the preparative gels by 

the usual staining procedure. The p o s s i b i l i t y that the KRAse had 

adhered -to the d i a l y s i s membrane was investigated by soaking the 

membrane i n s a l t solution (200 mM. acet ic acid containing 1,5 M. 

sodium chloride) . No retrie-val of ac t iv i ty was obtained suggesting 

that the RNAse must have been in small enough quantity "to be los t 

by d i a l y s i s . As an alternative to d i a l y s i s , concentrated samples 

were loaded onto Sephadex G-25 columns (1.5^20 cm.). Following a 

void volume of 13«4 m l . , fract ions were collected by elution -with 

20 mil. sodium acetate buffer, without r e s t r i c t i n g flow. The most 

act ive fract ions were pooled and concentrated in a 1.3 cm. s t i rred 
2 

molecular f i l t r a t i o n c e l l using a 'Pel l icon' membrane of 0.7 cm. 

by a pressure of 69 KPa (Figure A.3 ) . Following dilution of 1:1 with 

d i s t i l l e d water, the f i n a l extract was used for inject ion into a 

rabbit . Unfortunately, the Ouchterlony plates set up to confirm that 

antibodies had been raised i n the rabbit showed no immunochemical 

prec ip i ta t ion . 

Although steps were taken to eliminate small molecular weight 

proteins i t i s possible that during handling the major acid RNAse 

( 15,000 JIW) dissociated and the cr i ter ion of col lection of the 

most act ive samples ( for example, from the Sephadex G-25 column) 

p r e f e r e n t i a l l y selected for these smaller molecules (perhaps s imilar 

to the minor EKAses separated by Sephadex G-100 chromatography -

see Figure A.2 ) . Evidence for active small molecules has been reported 

by Bryant et a l . (l976) from pea leaves. A fract ion -wi-fch molecular 

weight of 3>100 retained enzymatic activi-ty and, since this molecular 

weight was so much lower than any other enzyme, i t was considered 

unl ike ly to be a native enzyme. They not only found that i t s 

concentration varied markedly but i t was l o s t by d ia lys i s . Figure A. 2 

shows an act ive RNAse with molecular weight — 3,000. The d ia ly t i c 

loss obtained during the pur i f icat ion procedure reported here could 

be explained i f conditions had caused fragmentation of the major 

RNAse into j u s t such active fragments. P i t t (l974) also reported an 

acid RNAse of low molecular weight from leaves of potato ( r2= 5,000 Mff). 



I f these low molecular weight RNAsee do represent fragments then 

acid EHAse i s capable of retaining ac t iv i ty even af ter the loss of 

a large number of amino acid residues. (Bryant and P h i l l i p s (l97 ) 

have shown that photodynamic modification of RNAse confirms this 

p o s s i b i l i t y ) . This may be of considerable s ignif icance i n i t s 

degradative role inasmuch as i t would seem to be an important 

adaptation for maximal breakdown for redeployment purposes. 

I I I . Summary. 
The existence of active fragments of RNAse as reported by 

Bryant et a l . (l976) complicates the strategem for i t s puri f icat ion 

and wovild explain the incomplete precipitation by addition of 

ammonium sulphate. The amounts of the l a t t e r two peaks of RNAse 

a c t i v i t y of approximate molecular weights of ^,000 and 5,000 

(Figure A.2) were extremely variable which supports the pos s ib i l i t y 

of being fragments rather than native enzymes. I f such fragmentation 

does occur either i n vivo or during early extraction then i t i s not 

unreasonable to postulate that further manipulation (part icu lar ly 

the exertion of pressure of 105 KPa during u l t r a f i l t r a t i o n ) might 

cause th i s also^(Briggs and Rice (1972) have recorded the reduction 

of enzyme s ize by proteases during puri f icat ion without af fect ing 

the a c t i v i t y . ) At the u l t r a f i l t r a t i o n step i t i s also feas ible that 

the unfragmented ENAse molecules were forced into the membranes. 

In f a c t , 10^ (W/W) protein was l o s t on the membrane during 

u l t r a f i l t r a t i o n (Figure A. 3 d) and 46^ ( w / w ) protein passed through 

to the f i l t r a t e . Pooling of Sephadex G-25 eluants would have 

selected for these fragmentation products. The smallness of the 

RNAse molecule would also pirovide an explanation for the lack of 

immune response i n the rabbit. 
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BRÂ VERJvIAN, G. and EISEl̂ STADT ( I 9 6 7 ) 

i n "Organizat ional Biosynthesis" (Edi ted by H.J . Yogel, 

J .O. Lampen and V. Ryson). Acad. Press, N.Y. 

BRAvVERivIAN, G. ( l 9 7 4 ) 

Ann. Rev. Biochem., U 6 2 1 . 

BRAY, C M . and CHOW, T-Y. ( l 9 7 6 ) 

Biochim. Biophys. Acta , 442 I 4 . 

BREEN, K . D . , WHITEHEAD, E . I . and KENEFICK, D. G. ( l 9 7 2 ) 

Plan t Phys io l . , 733 -

BRIGGS, ¥/.R. and RICE, H.V. ( 1 9 7 2 ) 

Ann. Rev. P lan t P h y s i o l . , 2 ^ 293-

BRITTEN, B . J . and ROBERTS, R.B. ( I 9 6 0 ) 

Science m 32. 

BROWN, G.K. and NAYLOR, A. W. ( 1 9 6 5 ) 

Bot . Gaz., 126 1 6 7 . 

BROWN, R.D. and HASELKOR!̂ , R. ( 1 9 7 1 ) 

Proc. natn . Acad. Sc i . U.S .A. , 68 2 5 3 6 . 

BRYAl^T, J . A . , GREENWAY, S.C. and YffiST, G.A. ( l 9 7 6 ) 

P lan ta l i O I 4 I . 



BURKA, E.R. and MRKS, P.A. ( I964) 

J . Molec. B i o l . , 2. 439. 

BURKARD, G. , GUILLEMAUT, P. and \?EIL, J .H. ( l 970) 

Biochim. Biophys. Acta , 224 184. 

BURR, B. and BURR, F.A. (1976) 
Proc. na tn . Acad. Sc i . U.S.A. 2 i 515. 

BUTLER, R.D. (1967) 
J . E x p l . B o t . , 18 535. 

BUTLER, R.D. and SIMON, E.W. (1970) 

Adv. Gerontol . Res. , _2 73' 

CAERS, L . I . , PEUJ'/IAMS, W.J. and CARLIER, A.R. ( l979) 

P lan ta 114 491. 

CALLOW, M.E. (1971) 
Ph.D. Thesis, U n i v e r s i t y o f S h e f f i e l d , 

CALLOW, J . A . , CALLOW, M.E. and WOOLHOUSE, H.W. ( l972) 

C e l l d i f f e r e n t i a t i o n 1 79-

CAffilARANO, P . , ROfmO, A. , . GENTILE,-M. , FELSANI, A. and 

GAULERZI, C. (1972) 
Biochim. Biophys. Acta , 281 597. 

CARR, D.J . and PATE, J .S. (1967) 
Symp. Soc. Exp. B i o l . , £1 559. 

CHELM, K . , HOBEN, P . J . and BALLICK, R.B. ( l977) 

Biochemist ry I 6 776. 

CHEl̂ l, D. , SCHULTZ, G. and KATCHALSKI, E. (1971) 

Nature 211 69. 



CHEI ,̂ S. and V»1LDKM, S.G. (1970) 

Biochim. Biophys. Acta , 209 20?. 

CHERRY, J . H . (1967) 
Symp. Soc. Exp. B i o l . , 21 247* 

CHIBNALL, A.C. and WILTSHIRE, G.H. (1954) 

New Phy to l . , ^ 58. 

CHOE, H.T. and THIIiiANl^, K.V. ( l 974) 

P lanta 121 201. 

CHRISPEELS, K . J . and VARNER, J .E, ( I967) 

P lan t P h y s i o l , , ^2 598. 

CLARK, M.F, , MT'lTIEvifS, R.E.F. and RALPH, R.K. (1964) 

Biochim. Biophys. Acta , 21 289. 

CLICK, R.E. and HACKETT, D.P. (1965) 

Proc. n a t l . Acad. S c i . U.S.A. 245-

COHEN, D. and SCHIFF, J . ( l 976 ) 
Arch. Biochem. Biophya. , 177 201. 

COOPER, H .L . and GIBSON, E.M. (1971) 

J . B i o l . Chem., 246 5059-

COVEY, S.N. and GRIERSON, D. ( l 976) 

Europ. J . Biochem., 63 599-

..DAELBERG, A. E. , DINGI.xAN, CW. and PEACOCK, A.C. (1969) 

J . Molec. B i o l . , H 139-

DAHLBERG, A . E . , LUND, E. and KJELDGAARD, N.O. ( l975) 

J . Molec. B i o l . , 2 8 627-



DAVIES, E. , LARKINS, B.A. ajid KNIGHT, R.H. (1972) 

P lan t P h y s i o l . , ^ 581. 

DAVIES, J.W. and KAESBERG, P. (1973) 

J . V i r o l . , 12 1434. 
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