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A&tract-The fight-dependent increment in K&se activity (which 1s ribosome bound in cell’ extracts) is distri- 
buted as a gradient mcreasmg from base to hook of lupm hypocotyls No evidence was found of non-specific 
or ot-specific activation ot-pre-tbrmed.enzyme mofecufes following lsoiatlon. either before or after (Iatent actlvltyj 
destruction of particles The autodegradatlon capacity of rlbosomes isolated from lrradlated cells 
was almost double that of rlbosomes from etiolated tissue. It 1s proposed that association between the bulk of 
the light-controlled RNase fraction and lupm ribosomes results from bmdmg of soluble protein It IS not clear 
whether bmdmg 1s specific or an artifact of lsolatlon 

INTRODUCTION 

MUCH attention has been focused on the possible role of particulate RNases in plants. 
Some authors have interpreted the association of nucleolytic activity with ribosomes (poly- 
somes; microsomes) isolated from higher plants as having physiological significance.‘-‘j 
On the other hand, other studies indicate that RNase activity associated with sub-cellular 
particles isolated from higher plants may result from contamination with soluble enzymes 
from the supernatant fraction. ‘-’ The major aim of the work presented here was to deter- 
mine if binding of the phytochrome-controlled acid RNase fraction of lupin hypoco- 
ty1s lo-l1 (resolved as one of two ribosome-bound lsoenzymes,* ref. 11) is meaningful in 
terms of the in vzoo system. Two facts support the view of a role at the ribosome site. 
Firstly, most of the light-mediated increase in the level of RNase activity is found in par- 
ticulate cell fractions (taking total activity of etiolated hypocotyl homogenates as 100% 
then ca 90% is soluble and 10% particulate. On this basis total activity of homogenates 
of irradiated hypocotyls (24 hr, W) is ca 150% of which 4>60% is particulate).” Secondly, 
the enzyme is unusually firmly bound (neither high pH, nor repeated washing of pellets, 
nor passage of rlbosomes through sucrose greatly disturbed the RNase-ribosome assocla- 
tion.)’ ’ 

* Resembles the E C class rlbonuclease II (E C 3 I 4.23) 
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Before proceedmg with this mvestlgatlon It was necessary to make reasonably certain 
that greater amounts of assayable actlvlty were the result of light increasing the number 
of active molecules m the intact cell The alternatlve posslblhty, namely that increases m 
assayable actlvlty were an artifact of rupturing cells, could arlse If light decreased the level 
of some unrelated inhibltmg factor or decreased stability of rlbosomes leading to earlier 
activation of a latent RNase (also present on particles from ctlolated tissue) Experiments 

designed to test these posslbllltles ~111 be discussed first 

RESL’LTS 

To determine whether the size of response was equal throughout the hypocotyl, intact 
etlolated seedlmgs were Irradiated (or left m darkness; controls). cut into four equal por- 
tions and rlbosomes Isolated and assayed Results (Table 1. intact) show that the light- 
mediated increase m the level of extractable RNase actrvity [expressed as the relative 

change (D = 1OO”J In unWg ft u t] (3~1s maxnnal m the apical-quarter region [essen- 
ttally snnllar patterns were obtained when results were expressed as umts/hypocotyl (four 

segments), umts/mg soluble protein or unlts/mg rlbosomes ] The explanation IS not simple 
Etlolated plants have a RNase gradlent Incrcasmg from apex to base (Table 1, intact) The 
action oflight IS to product a gradlent 111 the opposite du-cctron. namely Increasing from 

base to hook (Table 1. intact) 

Apical quarter 58 75 I5 I I 6 .? ‘60 310 
Sub-apical quarter ?7 X9 139 14 2 I80 I 60 
Sub-basal quarter 93 96 1.3 0 1 2 6 140 130 
Basal quarter IO4 R 0 Ii) 6 ‘) 0 10: 111.5 

In order to obtam rapid entry of apphed compounds Into hypocotyl cells (necessary for 
pulse-chase labellmg experiments) excised sectIons were floated on water prior to treat- 
ment To determme the size of the response In dark-excised sections, etlolated hypocotyls 
were cut mto four equal parts usmg a dim green safehght and the sections obtained floated 
on sterilized water under light or in the dark (controls) for 24 hr The dark controls (Table 
i. excrsed) showed the same apeu to base dlstrlbullon as tntact seedirngs Selther cutrIng 

nor agemg measurably increased the level of ribosome-bound RNase actlvlty m the dark 
The combination of cuttmg and agemg under light did not Increase actlvlty ober intact 
controls (Table 1) except 111 the basal segment The dark-excised apical quarter section was 
selected as the most suitable material for the following experlmcnts 
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Effectiveness of continuous white and far-red irradiation 

Kinetics of the rise in activity following contmuous irradiation show that development 
of activity was preceded by a lag period of 6 hr (FR) or 6-9 hr (W) (Fig. 1). Activity rose 
at a linear rate between 9 and 36 hr in both cases but the rise was more rapid under white 
light Maximum relative increases (36 hr) over dark controls were 80% (W) and 66% (FR) 
on a hypocotyl basis, and 100% (W) and 75% (FR) as units/mg protein (Fig. 1). 

, 
I I I I 0 12 24 360 12 24 36 

Time after start of irradiation, hr 

FIG 1 KINETICS OF RISE IN RNASE ACTIVITY IN CONTINUOUSLY IRRADIATED SECTIONS 
Aplcal-quarter sections (2-S cm) from 5-day-old etlolated seedlings were excised (green safehght), floated 
on HZO, and transferred to hght at zero time or kept m the dark (controls) Sections were combmed 
and rlbosomes Isolated at subsequent Intervals over 36 hr Circles, W treated, triangles, FR treated, 

squares, dark controls 

Actzvators and znhibltors 

Different proportions of ribosomes from etiolated and irradiated apical-quarter sections 
were mixed prior to assay for RNase activity. Mixing of equal proportions of extracts from 
etlolated (14.0 umts/mg protein) and irradiated (77.0 units/mg protein) sections gave assay- 
able RNase activity of 445 units/mg protein (expected if no interaction 45.5). Similarly, 
mixing 3: 1 proportions gave 25.5 (31): IL, expected 27.5) and 63-O (1~: 3~, expected 61.2) 
umts/mg protein. Activities of extracts in which the enzyme had been previously solubi- 
hzed by disintegrating rlbosomes with EDTA and KC1 (Ref. 11) were also additive (D = 

23.5, L = 175.5, 1~: 1~ = 98.5 umts/mg protein, expected 99.5). These results show that 
freely available specific rnhlbltmg or actlvatmg factors are not present on nbosomes. 
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Actlvatlon of RNase occurs when rlbosomes isolated from Escherl~~hrrr CO/L” rat liver I3 
and yeast’ 4 are partially degraded. No activation was observed followmg dlsmtegration 
of ribosomes (EDTA plus KCl) isolated from etiolated lupm hypocotyls I1 This Indicates 
that greater activity of rlbosomes isolated from irradiated tissue could not result solely 
from greater instability of these preparations leading to release of a latent enzyme The 
opposite approach to this problem IS to isolate highly stable rlbosomes and to incubate 
under condltlons leading to vex y slow rlbosome breakdown. Slmllar actlvlty between prep- 
arations at onset of incubation followed by a rapid rise m the preparation from irradiated 
tissue could mean that the hght-medlated Increase resulted from release 
of a latent RNase. Rlbosomes were Isolated (T-M Medium C) and Immediately incubated 
(20 mM acetate buffer at pH 5.6 with 12 mM MgCl,) under condltlons which should cause 
less rapid destruction (at 14 since high temp. leads to rlbosome brcakdown’i and with 
additional Mg2 * to maintam tight folding). Ahquots of 1 ml were added to 3 ml ethanol 
at 5 mm intervals over 1 hr and amounts of acid-soluble nucleotldes released from ribo- 
somes estimated (routine RNase assay) The shape of the velocity vs time plots obtained 
closely resemble those previously reported for autodegradatlon of isolated plant ribo- 
somes 3,8 The mam feature of the results IS that reactions were almost linear with time 
for preparations from both etlolated and irradiated sections. The lack of a sharp rise m 
enzyme activity during mcubatlon of ribosomes from irradiated tissue indicates that hght 
stimulation of RNase actlvlty IS not an artifact of rlbosome mstabllltk. 

A second feature of the results IS that hydrolysis of endogenous RNA at 14’ of prep- 
arations from irradiated sections (7 9 units RNase/mg rlbosomes at 2.2 mg/ml final 
concn) proceeded at nearly twice the rate of that of preparations from etlolated tissue 
(5.1 umts/mg ribosomes at 2 2 mg/ml final concn). This difference m rate of autodegrada- 
tion was also observed at 10” and 20”. Clearly, rlbosomes from hght-treated sections were 
less stable in uztro than those from dark-grown tissue. 

EfS^ect of light on gross synthesis of rihosomal protem 

There are two possible ways m which the hght-sensitive lsoenzyme could be a true ribo- 
somal component; the enzyme could be a structural ribosomal protein, or the enzyme 
could be a soluble protein attached at clearly defined bindmg sites (a condltlonal nboso- 
ma1 protein). That light might have a gross effect on synthesis of structural proteins was 
tested by mcubatmg sections with I>-lysme-[4,5-“H] under one growth regime (L or II) and 
with L-lysine-[U-L4C] under the alternative regime (1) or L) followed by lsolatmg rlbo- 
somes and “stnppmg off’ their loosely attached protems Results (Table 2) do not show 
a higher L .D isotope ratio for structural protem (compared with the ratio for soluble pro- 
tein), lmplymg that light has had no detectable specific effect on the synthesis of structural 
proteins.* Reversing the isotopes and contmuous feedmg of label gave slmllar results 
(Table 2) However, the W treatment stimulated synthesis of soluble protems of Isolated 
ribosomes. 

* This means the rate of mcorporatlon of label mto both protem fractions followmg lrradiatlon has either 
(a) Increased by the same extent, (b) decreased by the same extent, or (c) stayed the same 

I2 SPAHR P F and HOLLINGWORTH, B R (1961) J Bd Chm 236, 823 
I3 TASHI~O, Y (1958) .I Blochem (Tokyo) 45, 937 
I4 DANNER, J (1965) DISS Ah 25, 4385 
Is Wtsr, S H and HAYSO\ J B (1960) Weds 8, 341 
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TABLE 2. EFFECT OF CONTINUOUS LIGHT ON SYNTHESIS OF RIBOSOMAL PROTEIN IN APICAL-QUARTER SECTIONS 

Labelhng ‘yO Incorpor- Rlbosomal protem Supernatant protein 
Irrad- sequence YHUptake’ ationt (dpm x lo-‘) 

Experiment iation D L ‘4C 3H 14C 3H 14C L/D ‘H 
(dprnl; 10d5) 

C L/D 

1 FR 3H 14C 6 13 9 12 2 11 124 059 1980 1260 064 
2 FR 14C 3H 7 15 10 15 270 184 147 2830 18 10 1 56 
3 W jH 14C 79 85 12 18 2210 1760 080 15800 18300 1.16 

* Proportion of label taken up 
t ProportIon of label taken up and mcorporated mto ribosomal fraction 
Experiments 1, 2 batches (25 sectlons) dark-excised apical-quarter sectlons incubated for 2 hr m D with 50 

pCI-L-lysme-[4,5-3H] or 10 PCI-L-lysme-[U- 14C] washed m 1 mM cold L-lysme and transferred to clean Petri- , 
dishes contammg cold lysme One labellmg treatment Irradiated (FR. 18 hr). other left m D prior to lsolatmg 
ribosomes Pellets (16 x lo4 g) re-suspended m T-M Medium B, rlbosomes stripped of attached protems by mcu- 
bating with streptomycin (I 78 mM final concn), centrifuged (lo5 g, 2 hr) and radIoactIvity of rlbosomal protem 
(pellet) and supernatant determmed Experiment 3, as above except contmuous mcubation with tracer Batches 
of 50 sectIons Incubated with 50 pC1-L-leucme-[4,5-3H] (D) or 30 &I-L-leucme-[U-‘4C] (W, 24 hr). RNase ac- 
tlvlties (umts/mg protem) of 16 x lo4 g pellets from lrradlated sectIons as per cent activity D controls (D = 

100x), Experiment 1 = 121, Experiment 2 = 132, Experiment 3 = 242 

Bding of soluble protein 

The second possibility, namely that the isoenzyme IS a soluble protein of the cell sap 
which IS a necessary component, intrinsic to the ribosome, IS more difficult to test. That 
it belongs to the “loosely bound” fraction of proteins IS demonstrated by: (1) Compounds 
with a high affinity for rlbosome binding sites (streptomycm,‘6 spermine17) readily 
released the enzyme (a single wash in streptomycin at 1.78 mM final concn or in spermine 
at 0.02-0.5 mM final concn at 4” for 1 hr released only half the exogenous protein (pro- 
tem:RNA ratios fell from ca 1.8 to 1.3) but 65-70x of the associated RNase activity*). 
However, there was a residual fraction of RNase (up to 10% of the mltlal amount bound) 
which was not removed, even by more severe treatments (2) Lupin rlbosomes can both 
bind and exchange RNase protein m an external pool. Specific radioactivitles m dpm per 
1000 enzyme units of enzyme on particles obtamed by homogenizing fresh tissue in macer- 
ation medium contaming labelled “RNase-like” protein? show that 40-50°/0 of RNase on 
the particles came from protein added to the medium [Table 3, Expt 1, Expt 2 (I)]. Also 
mixing increasing amounts of non-radioactive “RNase-like” protein with ribosomes iso- 
lated with soluble 14C-labelled protein already attached [Table 3, Expt 2 (ii)] led to a drop 
m specific activity greater than could be explained by additional cold enzyme diluting out 
the label (Table 3). 

To determine whether bmdmg represented some type of specific protein-rlbosome mter- 
action, a binding curve was constructed from the data in Table 3. The shape of the curve 
obtained indicated constant bmdmg rather than co-operatlvity. For 5, 10, 15 and 35 mol 
RNase added, 3, 3.5, 3.8 and 42 mol of RNase, respectively, were bound. This suggests 
each ribosome has only 3-4 binding sites (or bmdmg site equivalents). 

* There was no evidence of release of latent enzyme or of selective release from rlbosomes from irradiated 
material 

t ‘%labelled lupm rlbosomal proteins with MW ca 25 000 prepared by EDTA treatment and purified 60-fold 
by double chromatography (7300 dpm and 900 umts RNase activlty/mg protem, see Experimental) 

I6 PETERMAN M L (1964) The Physical and Chemuxaf Propertres ofR~bosomes, p 43, Elsevier, Amsterdam 
I’ MADISON, i T and DICKMAN, S R. (1963) Blochemtstry 2,321 
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TABLE 3 Brwrhc, ANI) LXCHANW ok “+C‘-LAHt_LLtD WLIJHLE PKOU IN 
____ .__ 

Rlbosomal pellet 
Protein added Radio- R Nnie SpKlfiC I’/, Tot<il R Yaw 

Amount actl>It) “,/ Label nct~v~t) ~adloactl\ 11.” I,ibcllrd 
Experiment (mp) Labelled (‘old (dpm) ‘lttached” (umts) (dpm~iO00 unltr) Found Expected+ 

---- ~__ ~__ _____ 

I 0 25 i- 170 26 Ii7 ?370 44 
1 I\ 
L II! 0 ‘5 + 6.X) f5 I54 .!S’H! 1x 

(11) Yonc (wdshed) 520 1113 1190 i2 
pellet control) 
0 56 + <i5 !?! ?X! 40 44 
0 84 + 450 IX6 3410 ‘9 40 
I 96 + 4 IO ??T __- I X60 73 37 

DISCCJSSlON 

This study establishes the existence of a gradlent of light-stimulated RNase actl\lty. m- 
creasing from base to hook of non-greened lupm hypocotyls followmg Irradlatlon. 
Amounts of spectrophotometrlcally assayable phytochrome also Increase towards the 
hook in hypocotyls (m luplns the 2 5 cm apical region at 8 days after germmatlon m total 

darkness had an average phytochrome content (P,,,,, uncorrected) of 12 4 x 10 ’ A (A, ) 
per 10 segments. whereas the sub-aplcal 2,5 cm (see Table 1) contamed 6 1 x IO- 3 A (A,h) 
per 10 segments, a base to apex gradient was also observed m etlolated sunflower hypo- 

cotyls’*). A RNase gradlent was also found m onion roots ” In thts cast extractable act]- 

vlty Increased with distance from the root cap 
The results presented differ from other reports on rlbosome-bound RNases m plants ln 

two maJor respects. Fn-stly, neither cuttmg (woundmg) nor agemg of sections increased 
boutzd activity m either light or darkness Agemg raises the level of actlvlty of a hght-m- 
sensitive predominantly particle-bound RNase (WL II) extractable from detached wheat 
leaves Part of this increase was ldentlficd with the fraction sedimented at 10’ $1 lo Secondly. 
m hypocotyls light elevates the level of extractable rlbosome-bound RNase activlt) I” ’ ’ 
This is m contrast to studies on detached greened leaves m which whltc hght has either 
httle effect,20 or markedly mhlbits,“’ the development of RNase actlvlty assoclatcd with 
the fractions sedlmented at 10” 9 It appears that development of rlbosome-bound RKase 
activity durmg photomorphogenesls IS a unique process 

Another striking difference between the present report and a number of previous stu- 
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As a further check, 16 x 104g pellets were resuspended m T-M Medium B made to 04% DOC, clarified (2 x 
104q, IOmm) and profiles on the analytical centrtfuge (4”. 4 x 104rev/mln) gave one mam peak (schlteren 
optics) with a sedimentation coefficrent corrected to 2V in I&U ot_XO. ‘IO minimize losses ot-enzyme activity 
mterfermg wtth routine RN&e estimations. ribosomafpellets were prepared-as iast as posstbie, immediatefy re- 
suspended. frozen at -20’ for up to 3 days and thawed once immedidtcl) before use 

I’tr~ trtrl purrficnt~o,~ o/ ~IZYIVIO Unwashed IO’ y pellets were rncubdtcd with 035 M EDTA-I M KC1 soln 
and extracted as previously described ” Fractions of 3 5 ml corresponding to proteins havmg MW between 
21000 and 28000 were pooled and re-chromatographed (Sephadex G 100, see Ref 1 I) to give the partially purified 
25000 MW protein fraction (0 2 mg/ml protem) 

Zncorporatron of labelhi ammo-acids In dual-labellmg experiments (Tdble 2) dark-excised 2 5 cm apical- 
quarter sections were placed m the dark m sterile Petri-dishes (25 per dish) with 30 ml sterile double-dist HZ0 
contammg either t-fysme- ~4~;51’~H~~(75C~~~rnrnot) or L-fysme- LU-“CJ (SXmC‘l/mmol) For contmuous feeding 
the equivalent I_-leucme isotopes were used In the preparation of labelled 25000 MW protem (Table 3) L-dmmo 
actds (mixture)-[U-“?j (54 mCi,!mAt) were dissolved in the sterile HLO Bdtches 01 50 apicdl-qudrtcr sections 
were mcubated’with 5u &‘1 c”j’C]-ammo acid~mrxture durmg irradiation (WY; _% fir). washedand l’(l’- (1 pellets 
isoiated-prior to extraction The possibility ofbacteriat- contammation was reduced. by surface ctertiization or 
with streptomycm SO, and by wdshmg sections 6 x before and after tredtmcnt In addition 2 mm wdS removed 
from each end of each section immediately before maceratmg It IS unlikely that bdcterid contributed to mcorpor- 
ation of label mto the lupm rtbosome fraction because (a) no bacteria were present dt onset of irradiation. (b) 
there was no evidence of-70 S particles and (c) contammatmg bacteria would~ratse K~Nase dcttvity . comparison 
of preparations from equivalent portion of mtact etiolated plants nnd identically treated \ectrons always g‘ive 
similar levels of RNase activity 

Sbitiiifiizat~on 0f”proternr fbr iqurd~ccmtliliztwn countmy Both rlbosomai.anci-‘8ttached” protein wcrc r’recd from 
attached ammo acids by solution and re-preclprtation with acid and alkali as described by T?ewavds ” Alter 
the final ppt with SS; w/v trichloroacetrc acid and washmg with acetone. I ml ahquots were dtssolved in 0 5 M 
hyammc hydroxide. neutralized (0 02 ml HOAc) and counted All dpm values given were ‘rbove background 

-1 \\LIV\ jot RN[L~L ,or orein. ~&~ourc~ card !?!\‘A T!lese were :L$ described prevmusl~y I ’ excql~ thLtt nihosomcs 
were Incubated with 3 mg/ml (final concn) yeast--RNA in routme RNase assays The unit of RNase IS the amount 
required to degrade 1 ng RNA in 1 min at ?7’ pH 5 6 
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