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Abstract. Amino acid incorporation into protein by chloroplasts from primary leaves of
Phaseolus vulgaris L., var. Black Valentine is only partially inhibited by 400 ,uglml ribonuclease.
The rate of incorporation, in the presence of ribonuclease, is progressively inhibited with time,
and ceases after about half an hour. Preincubation of chloroplasts at 250, in the absence of
ribonuclease, increases the inhibitory effect of ribonuclease on the initial rate of incorporation
of amino acid into protein. Examination of electron micrographs of freshly prepared chloro-
plast suspensions shows that chloroplasts are largely intact. However, after incubation at
250 for 1 hour the chloroplasts are disrupted, as indicated by loss of their stroma oontents.
It is concluded that the intact chloroplast membrane is relatively impermeable to ribonuclease.
Amino acid incorporating activity probably becomes inhibited as the inside of the chloroplast
is made accessible to ribonuclease by breakage of membranes during incubation at 25°.

Amino acid incorporation by ribosomes from
chloroplasts (3), or by chloroplast preparations
suspended in 'low osmotic strength !media (1,2,13,
15) 'has been reported to be sen,sitive 'to ribinuclease.
When chloropliasts are suspended in, and in,corpora-
tion is carried otut in ihigh osmotic strength media,
the reaction may be fully sensitive (16), partially
sensitive (7, 13), or insensitive (5) 'to ribontuclease.
Insensitivity of a portion of inicorporaiting activity
to high con'centrations of ribonuclease led to the
suggestion that the insensitive amino acid incorpora-
tilon was due to the presence of intact chloroplasts
(13). The present work was carried ouit to investi-
gate this possibility.

Materials and Methods

Biological Materials anitd Biochentical Determina-
tions. Phaseoluts vulgaris L., var. Bla!ck Valentine
was grown in the da,rk for 6.5 days, followed by
0.5 day of irradiation with white light (13).

A crude ch'loroplast preparation was utsed
throutghouit (13). It was o'btained from a leaf
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mince prepared by chopping leaves in Honda
meditum (13, 16). In addition to sucrose, tris,
mercaptoethanol, and magnesitum ion, ithis meditum
contains Ficoll and dextran. The incorporation
reaction was carried out as described previously
(13,16) using 14C-L-leucine. Each ml of retaction
mixtuire contained 0.8 ml of chloroplasts stuspended
in Honda medium. In addition the following com-
ponents were also present in 'the complete reaction
mixtulre: ATP, pyruvate kinase, PEP, GTP, UTP,
CTP, 12C-amino acids other than leucine, magnesium
ion, ;and mercaptoethanol (13). Except where
stated, incorporation was determined by scintillation
counting by the method of Mans and Novdl'li (11).
In 'this 'procedure samples are pipetted onto filter
paper disks, and the reaction is 'stopped immediately
after 'absorption of the samples by dropping the
disks into cold trichloroacetic acid&leucine soluition.
The disiks are iprepared for counting by a series of
extractions including extraction with 'hot tr chloro-
acetic acid and ethanol :ether.

Ribonuiclease A (E.C. 2.7.1.40; from bovine
pancreas, 5 X crystallized) was obtained from
Sigma Chemical Company, St. Louis, Missouri. It
was uised without further purification at a final
concentration of 400 pg/mil of reac,tion mixture.
Ribonuclea,se, untless otherwise sitated, was 'added to
the otherwise complete reaction mixture at 00, and
wi-thin minutes the incorporation reaction was
started by warming the reaction mixtuire rapidly to
25°. Reagents 'other ithan ribonudlease were ob-
tained from sources as 'listed previously (13). The
contribution of 'bacteria to in,corporation was de-
termined by measuring incorporation of amino ac.d
into protein insoluble in Triton X-100 (13).
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Electron Microscopy. Smaill pieces of leaves
were fixed in 2 % glutaraldehyde 'soilution in 75 mM
phosphate buffer (pH 7.0). Penetration was facili-
tated by vacuum infiiltration. The leaf pieces were
then rinsed thoroughly with phosphate buffer, and
postfixe.d in 1 % Os;04 in phosphalte buffer for
1 hour at room temperature. Plastid pellets were
suspended in Honda medium (16) whi"ch lacked
mercaptoethanol, and contained 50 mM phosphate
instead ,of tris. Fifty ipercent gilutaraldehy'de was
added ,to ,a final concentration of 2 %. Afiter 1
hour at 40 chiloroplasts were collected by centrifu-
gation at .30,000 X g X 0.5 hour, and were embedded
in -agar (4) to faci'li'tate handling. Small blocks of
agar, which contained chloroplasts, were thoroughly
washed in phosphate buffer, and were then post-
fixed in 1 % OsO4 in phosphate bufifer, for 1 hour
at room tem'perature. Agar blocks, anid tissue pieces
were embedded in Epon (9), and sections were
stained with tranyl acetate, and lead hydroxide (12).

Results

Ri'bonucdlease 'progressively in'hiibi'ts amino acid
incorporatiolt when ithe enzyme is adided immediately
before, and is presenit throughout the incorporation
assay period (fig 1). Typically, incorporation is
par,tially inhibited during the first 15 minutes of
the incubation, and no further incorporation takes
place in the 'intervall 45 -to 60 minutes. Incorpora-
tion may continue, or may completely cease, in the
initervail 15 to 45 minutes, varying in this aspect
from experiment to experiment. Inhibition of in-
corporation m-ay vary from 20 to 50 % during the
first 5 minute period of incubation. Without ribo-
nuclease, incorporation usually contintues during a
60 minute incubation period.

The incorporation of radioactive amino acid into
protein, whi'ch is resistant -to rilbonudlease, is noot
due to incoorporation carried out by bacteria. After
various times of inculbation with radioactive amino
acid, sampiles were treated with Tri'ton X-100 in
order to itest for 'the contribution of bacteria to
ribonuclease *insensitive incorporation. This deter-
gent makes chloroplasts, but not bacteria, unsedi-
mentable at 6000 X g X 20 minuttes (13). The
radioactivitty incorlporated into the protein o,f the
sediment, -obtained after treatment of the reaction
mixture with Triton, was much dlower 'than 'the
radioactivity incorporated into protein in the pres-

ence of rirbonudlease (table I). Thus, only a small
portion of ,t.he ri'bonuolease insensi'tive incorporation
is due to 'the presence 'of bacteria in {the chloroplast
preparation.

Since extremely high concentrations of ribo-
nuolease were used in these experiments, the possi-
biility exists that the inhibitory effect that is
observed is due to other enzymes present as con-

baminants of the ribonuclease preparation. Ribo-
nuclease is an enzyme that is staible to heat (8).
Heating the enzyme preparation at 80° for 15
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FIG. 1. Effect of ribonuclease on the time-depen-

dence of incorporation: 0, no ribonuclease; *, with
ribonuclease. Enzyme was present from the start of
incubation at 250. Values are for 3 replicate samples,
with dispersion given as standard deviation. Values
given alonig the upper abscissa a,re percent inhibition
of incorporation occurring within the time interval indi-
cated by the enclosing brackets.

Table I. Lack of Relationship Between Incorporation
Resistant to Ribonuclease and the Presence of Bacteria

Radioactivity incorporated into protein, and pre-
sented in columns 2 and 3, was determined by the
method of Mans and Novelli ('11). Radioactivity in-
corporated into protein that is sedimentable at 6000 X g
X 20 minutes, after treatment of samples of reaction
mixture with Triton X-100, was determined as des-
cribed by Parenti and Margulies (13), and is presented
in column 4. Values obtained by this last method were
converted to values that would have been obtained by
the method of Mans and Novelli. The conversion factor
was determined from replicate samples, half of which
were prepared for counting by the first method, and
half by the second.

Incorporation into protein, cpm in
Total protein

Alin at No With Protein of
250 ribonuclease ribonuclease bacteria

15
30
60

197
315
532

119 3
173 8
174 24
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minutes had no effeot on the inhibitory action of
the ribonuclease preparation. Thus, the inhibitory
eiffect 'being studied ris probably due to ribonuelease.

The delay in obtaining complete inhibition of
incorporation, as descr.ilbed in the first paragraph

of 'this section, suggests the following possibilities.
First, the delay might represent the itime necessary

for ribontilelase to degrade ribonucleic acid which
is,spatiailly accessible to it. In this case ,there would
be no membrane barrier, or the chloroplast mem-

brane wottld 'be freely permeable 'to the enzyme.

Second, the deilay might represent 'time required for
ribonucllease to reach sensitive sites in the ch'loro-
plast d.ue to 'slow 'penetration of the chloroplast
membrane by the enzyme, the 'membrane remaining
intact during this in'terval. Third, the delay might
represent 'time required for a change to occur in the
ch'loroplast mem'brane, which is at first impermeable
to ribonueilease. In this case, the membrane might
be lost, *or might remain intact 'but become freely
permeable. If either of 'the first 2 possibil,ities
were correct, 'the lag phase in inhibition of incor-
poration by ribonudlease could be overcome only by
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FIG. 2. Increased sensitivity of incorporation to ri-

bonuclease resulting from preincubation of chloroplasts
for 30 minutes: 0. preincublation on ice without ribo-
nuclease; A, preincubation at 250 without ribonuclease;
0, preincubation at 250 with 400 ug/ml ribonuclease.
Points are average values for 4 replicate experiments.
Numbers next to the points are standard deviations,
those in parenthesis are standard deviations for chloro-
plasts preincubated at 250 with ribonuclease.

preincubation of the ohiloroplasts with ribonuclease.
However, 'if the third hypothesis were correct, the
lag phase could be overcome by preincubation in
the absence of ribonuclease.

To differentiate between the first 2, and third
possibilities, the effect of preincubation of chloro-
plasts at 250 in the absence of ribonuclease was
tested. Chloroplasits were preinrcubated 30 minutes
Without ribonudlease, either at 00, or at the tem-
perature at which incorporation is assayed, 250.
Tihe sample kept at 25° was rechililed to 00. Ribo-
nutelease was then added to a portion of the chloro-
plasts preincubated at 00, and to a portion of those
preinctubated at 250. In addition, a ch'loroplast
sample was inctubated at 250 for 30 minutes with
ribonuclease, and chilled to 00. The reagents
necessary for amino acid incorporation were then
added, the reaction mix;ture warmed to 250, and
samples were taken for determination of radio-
activity incorporated into protein as a function of
inculbation time at 250 in compilete reaction mixtuire.
Both chloropilasts preincubated at 00, and at 250
were later exposed to ribonutclease at 250 for the
same lengths of time, anid tinder the same condi-
tions. Preincuba,tion at 250 in the absence of ribo-
nudlease increased the inhibition of the initial rate
of amino acid incorporation by ribonuclease (fig 2).
No additional inhilbition by ribonuclease was ob-
served in those chWoroplasts which had been pre-
incubated with ribonuclease at 250. The preincuba-
tion time at 250 which is reqtuired to kbtaiu complete

Table II. Senisitivity to Ribonuiiclease of Iniitial Rate of
Incorporation as a Functiont of Time of Pre-

intcubation of Chloroplasts at 250.
Replicate samples of chloroplasts, in reaction mix-

ture lacking only labeled amino acid and pyruvate
kinase, were kept on ice or were incubated at 250.
After each of the specified times, 2 samples were
removed to a bath of ice water. After 1 minute, pyru-
vate kinase. and labeled amino acid were added to
both, and ribonuclease to one. Samples were taken
for determination of radioactivity incorporated into
protein, and the reaction mixtures were placed at 250.
After 5 minutes, additional samples were taken for
determination of radioactivity incorporated into pro-
tein. Column 2 presents percent inhibition by ribo-
nuclease of the inoorporation that occurred in this 5
minute interval. Column 3 presents the values for
incorporation that occurred during this interval in the
vessel's which lacked ribonudlease.

Radioactivitv
inoorporated in

Inhibition the absence of
Preincubation by ribonuclease ribonuclease

M1in % cp11t
0 39 252
5 43 234

15 47 128
30 89 96
60 100 41

497



PLANT PHYSIOLOGY

inhiibition by ribonuclease of the initial rate of
amino acid incorporation, is aboutt 0.5 ho,ur (table
II). This is approximately the tiKme requi,red for
incorporation to cease when ribontuclease is present
during an assay uising chloroplasts which have not
been preincubated at 250. Thuts, since preincuibation
wiithout ribonuiclease can overcome the lcag in the
inhibitory effect of ribonuclease, only the ,third
hypothesis mentioned above seems tenable.

To correlate ribonuclease sensitivity with a

change in the chlo,roplast membrane, electro,n micro-
graphs of chloroplasts fixedl i,mmediately after iso-
lation, and after incubation for 60 mintutes at 25°
were examtined. The majority of the chloroplasts
are iintact before incuibation. Figutre 3 shoxvs a

typical ch'lorosplast before incutbation. It shows the
presence of strom,a material, an(d is sturrouinded by
a ch1orojplast linmiting memb,rane. Af'ter incuibation
for 60 'minutes at 250, almost all of the chloro'plasts
are l)roken, as is evident by the absence of the
stroma material, anid a clistinct limitingr membrane

(fig 4). Except for swollen thylalkoiids, freshly
isolated chloroplasts closely resemble chloroplasts
as they appear within leaf cells (fig 5).

Discussion

Inhibition by ribonuclease o;f 14jC-leuicine incor-

pioration into 'protein by b)ean chloroplasts in vitro
sihows a distinct lag phase. T'hree possible reasons

for this delay- in ribonuiclease action were con-

sidered: A) Time is re(quiired for ribonuiclease to
degra,de access ble ri.bonuicleic acid; B) Timeis
requiireld for ribonulclease to penetrate the chloro-
Ilas't membrane; C) Time is requiired for a change
in the perme)ability o,f the chloroplast membrane to
occuir. Since the delay in ribonuiclease action can

be overcome by lpretreatment of chitoro,plasts at 250
in the absence of ribonuiclease, possibilities (A) andI

(B) are )rtule-d ouit as important factors. The data
do iiot adllloxw one to connclutde th,a:t the chlorop4last
membralne is comnpletely im,permeajble t ) rib)nui-
clease, but only that impermeability is not an im-
portant limiting facitor in the case at hand. Under
circuimstances where the cih'loro,plast membrane
would be kept intact duirinig incuibatio-n at 250, a

sluow rate of penetration mi,ght then become the
factor limiting 'the extent of inhibition of amino
acid inco,rporatioln.

The da,ta suippo,rt possibility (C). During the
time chtloroplasts are incuibated at 250 their stroma
contents are liost. Therefore, 'it was concluhded that
ru,pture of the chloroplast membrane allows ribo-
nuclea,se accessibi,lity to the sites of amino acid
incorporation within the chlioroplast. However,
since a time dependence cuirve of membrane break-
age was not dete,rmine,d, it remains po,ssible that the
membrane becomes permeable to ribonnuclease prior
to actual rupAture. An attempt to determine the

time dependence of memibrane breakage, uIsing re-
fractility of chloroplasts as a crilterion of their
intactness (17) was attempted. However, it was
not possible to establish 2 distinct classes, refractile
and transparent, with these younig chdoroplasts, as
is possilble with more well developed chloroplasts
(17).

Some inhibition of amino acid incorporation is
allways observed during the first 5 minuites of
incorporation, even with fresh chlor,oplasts (fig 1).
The varia.,tion in the extent of thi,s incorporation
may be due to variation, from preparaition to prep-
aration, in,the fraction of chlor,oplasts with damaged
membranes. This suggesti,on is slupporte(d by the
observation of Walker (17) that the fraction of
broken chloroplasts varies considerably from chlo-
roplast preparation to chloroplast preparatioll.

It is stugges'ted that differences in sensitivitN to
ribonticilease of chiloroplasts in i,sotonic med:ia, that
have been reported from various laboratories ( see
Introdtiction) might be explained in part V! (hIf-
ferenices in the fraction of intact chloroplasts in
the preparations. The extent to which membrane
integrity is maint,ained during incorporation assays
might also contribute to the degree o,f ineffective-
ness of ribontuclease in inhibiting incorporation.

The reason for the rtuptulre of the chloroplast
membranes during the incorporation assay is not
knowni. However, since chloroplasts contai'n en-
zvmes wvhich free lipid components from themselves
(10), it is not unreasonable to a,sstume that the
limitinig membranes are rutpttured as a resuilt of the
actionl of suich enzymes conitaine(l withiln the chloro-
p)last.

Aito,chondrial amino acid incorpo,ration is not
sens.tive to the action of ribontuclea,se in vitro (14),
or in vivo (6), even thouigh ribonucilease is taken
11p intO the cytoplasm of living cells (6). Simi-
larly, it appears that when chloroplasts are intact,
aminio acid incorporation is not sensitive to ribo-
nutcilease. It is felt that ribonuctlease resistance of
amiino aci(l incorporation can be taken as an indi-
catioin that the incorporation is occuirring within a
membrane botunded organelle, once significait coll-
tribuitionl by wholle cells can be excluided.
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FIG. 3. Chloroplast fixed immllediately after isolation. The stroma and limiting, membranes are intact, although
swellinig has occurred. X 35,000.
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FIG. 4. Chloroplasts fixed after incubation at 250 for 1 hour. The integritY, of the chloroplasts is destrouyed,
but large grains (white) are still presenlt. X 35,000.
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FIG. 5. Chiloroplast fixed in leaf cells. Th,e stromia and grana structure is more compact than in isolated
chiloroplasts. X 35,000.
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