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Effects of Ribonuclease on the Metabolism 
of Living Root-Tip Cells 

UsiNG r ibonuclease a s a n analyt ica l tool, Gale and 
Folkes ' have recently b r o u g h t forward new évidence 
for t he hypothesis t h a t r ibonucleic acid plays an 
impor tan t p a r t in p ro te in synthesis '  ' . A récent 
report , by K a u f m a n n a n d Das*, t h a t ribonuclease 
induces mitot ic abno rmah t i e s in root t ip cells, shows 
t h a t t h e enzyme ac tua l ly can pene t r a t e into living 
roott ips. Thèse findings led t o t h e présent s tudy 
on the effeots of r ibonuclease on the metabolism of 
nucleic acids, p ro te in a n d respira t ion in onion root
tips. The exper iments h a v e been performed wi th 
the teohnical help of J . Brygier , E . Bal tus and F . 
Vanderhaeghe. 

When in tac t onion root  t ips a re t rea ted with 
crystalline ribonuclease (1 mgm./ml . ) for a few hours 
pr ier t o immersion in wa t e r containing a labelled 
amiQoacid (radioact ive glycine or phenylalanine), 
there is considérable inhib i t ion of the incorporation 
of aminoacid into t h e pro te ins : a 50 per cent 
inhibition is observed a f t e r p re  t r eà tmen t for 1 hr . 
wi th ribonuclease, a n d i t reaches a lmost 90 per cent 
a f te r t r e a t m e n t for 3 h r . w i th t he enzyme. Thèse 
biochemical resul ts h a v e been confirmed by using a n 
autoradiographic m e t h o d : as seen in Figs. 1 and 2, 
t r e a tmen t for 3 hr . w i t h r ibonuclease oonsiderably 
reduces t he u p t a k e of labelled phenyla lanine into the 
cells. I nac t iva t ed crystal l ine ribonuclease showed no 
effect on the incorpora t ion of t h e labelled amino
acids into t he prote ins of t he root t ips . 

Very différent resul ts a re ob ta ined when the in
corporat ion of labelled aden ine in t he nucleic acids 
is s tudied : t r e a t m e n t wi th ribonuclease fîrst in
creases t he incorpora t ion of adenine into ribonucleic 
acid, t he increase reaching 60 per cent for a 3hr. 
period. Incorpora t ion t h e n steacÛly decreases, so t h a t 
in root t ips t r ea ted for 20 hr . wi th ribonuclease, 
80 per cent inhibit ion is fo imd. As regards deoxy
ribonucleic acid, t he incorpora t ion of labelled adenine 
is immediately reduced : t h e inhibition reaches 
30 per cent dur ing a per iod of 1 3 hr . and it becomes 
practioally complète a f t e r 20 hr . Thèse observations 
suggest t h a t ribonuclease immedia te ly slows down 
deoxyTibonucleic acid synthesis , leading to the cyto
logical abnormali t ies descr ibed by K a u f m a n n and 
Das ' , while i t first s t imulâ tes , t h e n inhibits ribo
nucleic acid metabol i sm. 

I n cont ras t t o thèse s t r iking changes in protein 



a n d nucleic a^ids metabol isms, t he oxygen con-
sumpt ion of t he root- t ip mer is temat ic tissue remains 
unaffected by ribonuclease, even a f t e r t r e a tmen t 
for 15 hr . 

While the oxidat ive act ivi t ies of t he mitochondria 
t hus apparent ly r emain normal , phosphorylat ions 
a re effected by the r ibonuclease t r e a t m e n t : t he 
inorganio phospha te conten t drops b y 20 par cent 
dur ing the first 3-hr. period, wi thout any fuxther 
changes. At the same time, acid-labile organic 
phospha te (presumably adenosine t r iphosphate) shows 
a 30 per cent increase dur ing t h e first 3 hr . of t h e 
ribonuclease t r e a t m e n t a n d remains cons tant af ter -
wards. Thèse resul ts p robab ly m e a n t h a t adenosine 
t r iphosphate is no t utiUzed a n d t hus accumulâtes, 
when protein and deoxyribonucleic acid metabol isms 
are inhibited by ribonuclease. 

Ribonucleic acid, when es t imated spectrophoto-
metrically according to the me thod of Ogur a n d 
Kosen*, shows a 20 per cent d rop a f te r the root- t ips 
have been t r ea ted for 3 h r . wi th ribonuclease ; there 
is no fu r the r decrease a f te rwards , even af ter 18 hr . 
Soluble nucleotides seem to drop slightly a t t he 
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Track-radioautograj)li of onioii root-tiii cf l ls incubated in r a d i o , l ' h c n y l a l a n i n f i , 
Control ( I ) aud after treatment by ribonuclease (2) 

Sections of onion root-tip cells stained by Mazia's metliod. Control (3) and af ter 
treatment by ribonuclease (4) 



beg inn ing ( 1 - 3 h r . ) , t h e n s teadi ly increase, flnally 
r each ing a v a l u e 40—50 per cent a b o v e controls a f t e r 
18 h r . I t shou ld b e p o i n t e d out , however , t h a t 
classical m e t h o d s of e s t ima t ion of r ibonucleic ac id 
m i g h t be mi s l ead ing if t h e nuoleic acid of t h e cells 
is p a r t l y d e g r a d e d b y r ibonuclease . I t seems, never -
theless , t h a t t h e s t r o n g inhib i t ion of p ro t e in m e t a -
bol i sm is n e t l i nked t o a n y ex tens ive dég rada t i on 
of r ibonucle ic ac id . 

T h i s conclus ion is conf i rmed b y cy tochemica l 
obse rva t ions on cells t r e a t e d w i t h r ibonuclease : a f t e r 
U n n a s ta in ing , t h e cells of t h e ou te r layers a r e m o r e 
basophi l ic t h a n n o r m a l l y a f t e r 3 h r . in r ibonuclease . 
T h e increased basoph i l i a is due to r ibonucleic ac id , 
a s shovm b y t h e r i bonuc lease t e s t ' ; i t is t h u s likely 
t h a t t h e e n z y m e f i r s t induoes a synthes is of r ibo
nucleic ac id in t h e e x t e r n a l cells. L a t e r on, a f t e r 
6 h r . , for e x a m p l e , t h i s ou t e r layer of cells loses i t s 
basophi l ia a l m o s t comple t e ly . 

A n in te res t ing p o i n t is t h a t when sect ions of r oo t s 
p rev ious ly t r e a t e d in vivo for 3 h r . w i t h r ibo
nuc lease a r e s t a i n e d w i t h Maz ia ' s ' m e t h o d for p ro 
te ins , a n e m p t y s p a c e becomes visible a r o u n d m o s t 
of t h e nucleoli {Figs. 3 a n d 4). This f inding m i g h t 
m e a n t h a t , a s p r o p o s e d b y Caspersson^, t he nucleolus 
p l ays a v e r y i m p o r t a n t p a r t in p ro te in synthesis , in 
a g r e e m e n t w i t h t h e e x p é r i m e n t a l d a t a ob t a ined in 
t h i s l a b o r a t o r y b y A . F i c q ' . 

Thèse resul t s , in showing t h a t r ibonuclease p ro-
duces a v e r y s t r o n g i i ihibi t ion of amino-ae id incor
p o r a t i o n in to t h e p r o t e i n s of l iving cells, b r ing f r e sh 
év idence for t h e v i e w t h a t r ibonucleic acid is int i-
m a t e l y conce rned w i t h p ro t e in synthes is . T h e 
a c c u m u l a t i o n of a d e n o s i n e t r i p h o s p h a t e in t h e t r e a t e d 
cells a s well a s t h e f a c t t h a t r ibonucleic acid only 
p a r t l y d i s a p p e a r s a f t e r t r e a t m e n t b y r ibonuclease 
agrée well w i t h D o i m c e ' s hypothesis* t h a t a phos-
p h o r y l a t e d f o r m of r ibonuc le ic acid is involved in a 
t e m p l a t e m e c h a n i s m of p r o t e i n synthes is . I t should 
f inal ly be p o i n t e d o u t t h a t r ibonuclease, when ac t ing 
on l iving cells, e x e r t s ef fec ts comparab le to those of 
t h e r e m o v a l of t h e n u c l e u s in imicellular o rgan i sms ' ; 
for in such cases, r ibonuc le ic ac id decreases t o g e t h e r 
w i t h p r o t e i n a n a b o l i s m , whi le adenosine t r i p h o s p h a t e 
increases a n d o x y g e n cons iunpt ion r emains un -
a f fec ted . 
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