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vS manrv. I xolatLed clhloroplasts fromli wheat leaxves illcorp)orate radioactivc amlino
acids ilnto proteini. Both p)hysiological and biochenmical eridence show\ that contaminating
lbacteria are nlot responsible for the activity. Activity is best in plastids from 5-day-old
or y-ounger seedlings; a sharp (Irop usually occurs l)v day 6 or 7. The systemii requiires
a(dded adenosine triphosphate. guanosine triphosphate and Mlgt+, anid is inhibited bv ribo-
nuclease, puromvcin anid chlioraniplhenicol. Preliminary evidenlce is presented that )oly-
rilsosomies are present in the youing leaf chloroplast fraction. }lalf of thel protein that is
for-miie(d in a 2(-minninc inclubationl is r-elease(l in solublc formtii.

''l1h possil)le ftlllctioni of clhloroplasts as self-
contained uinlits of rel)ro(ltlction is a miiatter of cturrenit
exl)erimelltal initerest. Synthesis of their own l)ro-
teilis is onie major aspect of this concept. and(I nu-
merousx reports of such activity have appeared. Ak
p)ossil)le difficultv ill in terl)retation lies in the presenice
of living bacteria which will be collecte( when ceil-
tri fuging cell partictllates at low speeds. \Warnings
to this effect hiave been l)ulblished wvith respect to
animiiial miiitochonldria (1 5) wheat endosperm l)rotein
bodies ( 16) alndI splillac chloroplasts (2); but oh-
viousv (1o inot apply to isolation of particullates froml
organisms stclh as Jinylena grow\\n in sterile ctolture
(5)6,7).

In previous \work froml tlis laboratory, bacterial
contaminationi of isolate(d chloroplasts vas very severe
(Itic to the use of miiarket sl)inach (2). Even after
turl-ninig to wheat seedllig plltlmles less tlhanl a w^eek
okl and uise(d immediately after harvest, solmie furtlher
(liffictulties were trace(d to bacteria p)resent in rea-
gents ( exveln simiple salt soltitionis suclh as AIgCl.,) stored
in the refrigerator between 3 allnd 10 days. Cturrenit
proce(lure involves preparing reagents in freshly
(listille(l water, then storing themii ill the frozen state.

Giveni these coniditions closer to sterility we have
fotlund amillo acidl incorporation 1by wheat chlloroplasts
strong-l dependent oln the physiological state of the
plant ain(l on biochemical clharacteristics of the reac-
tiOln mixtulre. 'T'hese results support the concep)t that
the activity is (lue to chloroplasts, not to anly bacteria
that miight still be present: a conclusion previously
reaclhe(d in wvork wvith clhloroplasts fromii tobacco
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(4. 8, 13), spinach ( 12 ) aild Il'tg1cna (5.; 6, 7).
Sonie comparative aspects of the w heat chloroplast
Isctivitv have also been examlinie(l.

Materials and Methods

Wheat seedlings, variety Selkirk were grown ill
velrmllicuilite at first iund(lelr natural (lay lelngth in tlle
,greenhouse, later in a controlled condition growth
chamber undi(ler at 1.5-hour day. Tap water was used
for subirrigation by, an automiiatic system.

Essentially all the aboxve-round psarts of thle
slhoot, consisting l)rililarilv of leaf tissue.Nvere har-
vested onl the fouirthi or fifth (day after planting.
li oliogeniates were p)relpared by the hand-chopping
methio( of Spencer anid \Vildimiain (13) utsinlg the
Honda nedium (Ficoll 2.5 %. dextran 5 %, sucrose
(.25 n, 'I'ris (0.025 m p)H 8.2 at 00 ) . Tlle utsuiail
chloroplast fralction wvas obtained by cenitriftiging- the
hlomlogeniate for 10 miniutes at loO0) X y; this fraction
Was then restuspende(d to a finial chlorophyll concenl-
tration of 0.2 mg/ml in Tris l() num, M\lg chlori(le
10 ilN I, milercaptoetihaiiol 4 ml:eNI at p)11 7.8.

Fori)reparing isolated ribosomes, 2 proce(ltres
were use(l. In the first, chloroplasts were susl)enlled
ill 0.1(0 m Tris--Cl pH 8.0, 0.06 -m KCI, 0.01 mAIMgCl.,
andd 3 % Triton. It was later founid that the Tritoni
(lisruptioin was not nee(led, and chloroplasts were
sillll)ly broken in a hv-potonic me(liunll colitaininoi- 0.01
m 'I'ricine, pH 8.0, 0.01 m MIgCl. ancl 0.004 _m imier-
cal)toethallol. In ei-ther procedure the broken chloro-
lplasts \vere sediml-ented at 20,000 X g for 15 miniutes.
atn(d ribosomes collectedl froml the sul)erlnatallt solutionl
by centrifuging at 100,000 X g for 1 hiour. The
resultinlg pellet was suspendedl in I to 2 mlil of
Tris-NMg-KCI as above, without the 'T'riton. This
solution was further clarified of green l)articles bx
cenitrifuginig 1 or 2 more times at 20,000 X yJ for-
115 inlutes.
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Th'le stalndard assay for amiiino acid incorl)oration
was that described by Spencer anid WVildmlani (13)
butt omllittillg the mixture of unla!beled amino acids
anid adding ammlilionium sulfate. The final reaction
mixture volume was 0.5 ml, containiing the 1000
X g fractioni with about 80 ,ug of chlorophyll (i.e.
about 0.75 mg of protein) anid Tris pH 7.8 at 250,
2.3 /moles; MgCL. 2.3 /Anmoles, ATP 0.2 gmole;
P-enolpyruvate 1.25 sumole, pyruvate kinase 10 ,ug,
GTP 0.01 Mmole; ammonium sulfate 12 ,Amoles.
Either 1.6 mtnmoles of uniformiily labeled leucine-'4C,
specific activity 1,55 mc/mmllole, or 1.0 m'mole of
phenylalanine-14C, specific activity 252 mc/mmole
were added per reaction. Unless otherwise specified
the reactionis were started by adding- the plastid frac-
tioni to the other comiiponents. and the mixture was

incubated at 320 for 10 minutes. After incubation the
tubes were ral)idlv cooled, theni 1 nml of 10 % tri-
clhloroacetic acid pluts 0.5 mil of a 0.1 Nt solutioni of
the unlabeled amiino aci(l corres)ond(ling to the labeled
onie were a(ldled. Two kind(s of conltrols were used
rotitniely. In one, '-C amino acid was added only after
the addition of trichloracetic acid. This served as

a check oln nonspecific adsorption of the labeled amino
acid. In the other, the chloroplast suspensioni was

a(lde(l at the end of the incubationl period, just
before addition of trichloroacetic acid; this served
as a check for bacterial contamiiinanlts in the reaction
mixture reagents.
The treated reactionl miixtures were centrifuged

at 10,000 X g for 10 miinlutes a(ld the supernatant
(liscarded. The pellets were frozenl in a dry-ice and(
ethalnol bath for 10 minutes, then resusl)ended in
5 % trichloroacetic acid again conitaininig 0.05 % of
the lnonradioactive aminio acid. T'his mixture was

heated to 800 for 30 minutes, theni filtered oni WVhat-
mialn No. 542 filter paper discs anid washed 5 times
with 5 ml of the trichloroacetic-amiiino acid solutioln.
Conitrol exlerimlents showed no decrease in counts
inicorporated due to use of hot ethalnol-ether or

ether extractions; hence these steps were routinely
omitted. The discs were cemented to planichets and

counte(l Nvith a Nuclear Chicago gas flow counter.

The efficiency of counting was 10 %, ancd 34 cpm

of '4C leucine or 49 cpni of the 'IC phenvlalaninie
corresponded to I /qlmole, respectively.

Samples were always assayed in duplicate, and
the results were averaged to give the figures shown.
Duplicates from the same chloroplast suspension gen-

erally agreed to within + 10 %.
Protein concentration was measured with a modi-

fied Lowry method (9) and chlorophyll was estimated
by the method of Arnon (3). In a few experimelnts
the weight ratio of protein to chlorophyll in the crude
chloroplast fraction wxas found to be 10:1. For
routine assays thereafter only chlorophyll was mlea-
sured, the protein concentration being estimated by
use of this ratio. Radioactivity in N-termiinal amino

acids wvasmiieasured by the procedure of Sanger ( 11).
The hot TCA precipitate was dissolved in a milnim-:d
volume of 0.1 % NaHCO,, with the addition of

colncenltrated NaOH to effect comj)lete solution. The
finial protein solutioni. at 10 mg/ml, was treated with
a 1 % solution of 1-fluoro-2, 4-dinitrobelizene
(FDNB) in ether. After 2 hours at room tempera-
ture the solution was acidified: and unitreated FDNB
extracted with ether. The diniitrophenvlated proteini
wvas hydrolyzed by refluxing with 6 N HCl for 6
hours, and the complexed aminio acids extracted with
ether. The combined ether extracts were evaporated.
the residue dissolved in 1 mil of acetone alnd aliquots
of this and of the aqueous phase were tested for
radioactivity.

The numbers of viable bacteria in aliquots of the
reactioni mixture were counted by platinig on nutrielnt
agar plates after serial diluition. Bacterial protein
Nvas determinled by the Lowry miiethod, anid this was
correlated with the number of bacteria as miieasure(d
1by plate counits. Viable cololnies were counted after
24 hours.

Radioactive amiiimo aci(ls were obtained fro(ii tlle
Nuclear Chicago corporation. piyruvate kiniase fromii
the Californiia Biochemiiical Corporationl. anld other
biochemical reagenits from the Sigma Corporation.
All reagenits aiid( buffer solutionis were frozeni, stored
at -200 immniediately after l)reparation. and(l thawed
just before uise.

Results

Natuire of tile Active Fractioni. 'The cell-free
homogeniate fromi wheat leaves was fractionlate(d by
cenitrifugationi. Fractionis sedimienti-ng in 10 imlilnutes
at 1000 X g. 20 miiniutes at 20,000 X g anid 90
minutes at 100,000 X g were resuspenided in buffer
containing Tris, MIgCl., and mercaptoethanol. \Vhen
assayed for inicorporationi of radioactive leucinie,
(table I) the 1000 X g fractioni was founid to be
the most active. Apparenit lower activity of the
whole homlogeniate could be due to dilutioni of the
radioactive amiino acid with cold leucine.

Washing the 1000 X g fractioni in the hypotollic
Tris-Mg-mercaptoethanol solution always led to large
losses in activity, without significant restorationl by
the superniatanit fromii which ribosomiies had beenl re-
moved by centrifuginig for 2 hours at 100,000 X g.

Table 1. Distriibuitioni of A4m1inio Acid Itcorporatintg
Activity itl Wheat Leaf Extracts

Leaves (31.6 g) were chopped in Honda medium, and
the final extract made to a volume of 31 ml. Various
centrifugal pellets were resuspended in a small volume,
and the activity from aliquots of these suspensions was
calculated back to that expected from the full 31 ml
volume. Leucine was the radioactive am.no acid.

Fraction cpm/homogenate
Homogenate 2250
1000 X y pellet 5130
20,000 X g pellet 344
100,000 X g pellet 278
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Further anialysis of componenits needed for activity
has not yet been attempted.

Various preparations of ribosomes extracte(d from
the chloroplast fraction were examiined in the ana-
lytical tultracentrifuge. Figure l shows one of these
exp)erinments. The bottomii curves were froml a cell
containinig ribosomes extracted froml the chlioroplasts
by simlple hypotonic breakage. Four peaks are vis-
ible, witlh calculated S20,W values of 51, 66, /79 and
100 S respectively. In other experimlenlts an addi-
tional comiponent having a 123 S value was also
visible. These sedimenitationi colnstanits include cor-
rectionis for temlperature an(l viscosity of solvents
l)ut are not exact, since they are liot corrected for
protein concenltrationi. 'I'lhe top curve is a (lululicate
aliqtiot of the ril)osome suisl)ension, treate(l for 5
miniutes prior to the rtun ith 10 ug of ribonuticlease;
this causes the disappearance of the faster mlovinig
coml)onents, the 2 remaining peaks having se(limen-
tatioin constants of 1 an(lI 68 S respectively. In
other experimients the 2 fastest imoving peaks were

~~~~~~~~~~~~~~~~~~~~~~~~~~~V..,

FIG. 1. Diagram of an anialytical ultracentrifuge pat-
terni of isolated wheat chiloroplast ribosomes, obtained
l)y hypotoniic breakage of the chloroplast fraction from
5-day-old wx heat seedlinlgs. The protein concentrationi
was 11 mng/ill. The picture shown here was taken 16
minutes after the start of the centrifugation at 39,460
rpm and rotor temperature of 2.00. The bar anigle \as
500, anid (lirection of sedimenitatioin is left to right. The
lower curves are from the conitrol cell, upper curves from
a duplicate aliquot pretreated with ribonuclease. The
high density close to the meniscus (far left) appears to
be lipoprotein material, with which the preparation was
contaminated.

entirely absenit fromii clhloroplast extracts obtained
fromli 8-day-old planits, but were always presenit in
those taken fromii 4-or 5-day-old plants.

Activity in the standard assay was verv miiuclh
dependenit oni the age of the plant (table II shows
a representative exl)erimient). Active p)reparations
were obtained onl the foutrtl anld fifth day after
planting; but usually on the sixth and(l always oln
the seventh and( eightlh days the activity had droppedl
very strongly. This change seemiiedcto be correlate(d
with the coniditionl of the leaves: they -were still
more or less rolled ul) oni the fourtlh and fifth (lays.
hut usutally- uincurle(d by the sixth day after p)lantillg
tlie see(ds. It was also note(d that activities wvere
better when seedllings wvere harvested il l)rigllt.
stulnlny days. tllani tinider clotu(dy conditions. Colnsis-
tentlv good activities are also found(I fromi seedling
growln at 1000 ft-c of fluorescenit light.

Reactioni Cond(iitionis. Table III shows that Mg.
ATPI anl(l a genieratinig system. GTP anid ammiini01iumil
ions are all nieeded for optimiial activitv. The MNIg-;-
requiremiient was greater given a higher activity in
the coml)lete systemii (expt 2) andl ani excess was in-
hiibitorv.

Adding a miiitixre of 12C amllilno aCid(S \\waS Oftell
fouilid to be oniewhat inibiitory (expts 1 adl(I 3 of
table IV\). This was probal)ly (tle to tlle use of a
stiboptimal concentration of added letucilne: eitlher-
traces of leucine. or comlpetitive aminiiio acids in the
cold miiixtture, coul(d theni (lecrease the amotilnt of
lalbeled leucinie incorl)orate(l. On increasing the
ad(le(l leucille to a 5-fold highler level the apparent
rate of incorl)oration was ilncrease(l somiie 6() %. anidl
addinig the cold amiilno acids no longer inllibited
(expt 3 of table 111).

Effective inhibitors of aimiino acid incorporatinig
activity included ribonticlease at 0.2 yg (86 % in-
hibitioni ), clhloramiiphellicol at 20 t, ( 77 % inhibition)
aiidl puromlycin at 10 /g (79 % inhlihiition) per 0.5
mil reactioni miixtulre. High conicentrationis of de-
oxv'ribonticlease (10 andl 100 ug/ml) inhlibited up
to 40%.

At 250 or 300 aminio aci(l incorl)oration ceased
by 20 miinutes, anid showed linearity for the first
S miinutes (fig 2). At 370 there was less total
inlcorl)oration, all(n the reaction continuiied for only
3 to 5 minutes.

Aotnarc of the Protein FoInilic(l. Aminilo aci(d
incorlporated into the central part of l)rotein chains
was clhecke(d by formiiing the DNP derivatives, and
imieasurinig the proportion of radlioactive leucine in
the N-termiinal position. Only 7 % of the radio-
activitv in the protein was detected as the DNP
derivative, solubilized by hydrolysis and present in
the ether extract. 72 % of the radioactivity w\vas
still found in the ether-insoluble portionl thus most
of the leucine mllust have been incorporated in internal
positions.

Distribution betwveen particulate anid sul)ernatanit
proteiins wvas estimated by diluting the reactioni 1mlix-
ture, after various timiie periods, with 10 nm\i NIMgCL,
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and cenitrifuging at 100,000 X g. The percentage

of the counts recovered in the particulate fraction
(presunmably ribosomes) decreased from 81 % at 2
minutes to 46 % after 20 minutes (table IV).

Labeled chloroplasts were treatefl with 0.1 %
Tritoni, then recenitrifuged at 1000 X g. VTirtually

all of the chlorophyll was in the supernatant solution,
indicatinig a large disruption of chloroplast structure;
whereas neither bacteria, nor nuclei (13) would be
expected to be solubilized by this treatment. Of the
total radioactivity incorporated, only 3.5 % remained
with the 1000 X g pellet after Triton treatment

Table II. Activity of 1000 X g Fractioni int Amino Acid Incorporation from«l Plants of Different Ages

Days after 1000 X g fraction Leucine incorporation
planting Protein Chlorophyll cpm/mg chlor jujumoles/mg prot

mg* nig*
4 0.96 0.095 4150 12.1
5 1.29 0.139 3570 11.3
6 1.25 0.182 700 3.0
7 1.47 0.147 720 2.1

Yield in the 1000 X g fraction from 1 g (fr wt) of original leaf tissue.

Table III. Cofactor Requiremients for Amtino .Aci( lizcorporationi by the Chloroplast Fraction

Expt reaction mixture cpm/mg chlor pu.tmoles/mg chlor % of Control

1 Complete 1116 30.8 100
-Mg2+ 360 10.6 35
-NH I+ 560 16.5 53
- ATP, PEP and pyruvate
kinase 140 4.1 13

-GTP 268 7.9 25
+ Amino acid mix* 650 19.2 62

2 0 Mg2+ 412 12.1 11.5
0.25 jAmole Mg2' 688 20.3 19.5
2.5 umole Mg2+ (Complete) 3550 104 100

25.0 j1mole Mg2+ 350 10.4 10

3 Complete 3000 88 100
+ Amino acid mix* 2500 74 84
+ '2C leucine** 940 139 100
+ Amino acid mix
and 12C leucine 978 144 104

* 20 nonradioactive amino acids, excluding leucine, each one at 12.5 njrnmoles per reaction mixture.
** 6.4 mujmoles of added 12C leucine, with 1.6 mijmoles of the laibeled compound already present, to effect a one-fifth

dilution.

Table IV. Distribution of Radioactizity betweent Soluible antd Particulate Proteins
Aliquots of the reaction mixture were assayed for "4C amino acid incorporation; then the remainder was diluted

with 10 mm MgCl, and centrifuged at 100,000 X g for 60 minutes. The pellets were resuspended, precipitated with
trichloroacetic acid and assayed for incorporation of radioactivity into protein.

Original
1000 X 9 Particulate % of total

Time Expt fraction proteins in particulates
m1in no. cpm cpm %
2 1 81 64 79

2 57 48 84
5 1 235 155 66

2 285 190 67
10 1 531 301 57

2 577 256 44
20 1 763 339 44

2 721 352 49
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(table V). Soimie 47 % of the activity could still
be sedimented at 100,000 X g, anld could represent
either labeled ribosomes, or milemiibralne fragments.

Co0liparisoni With Bacteria. Onl various occasions
ali(lulots were takenl of the finial reaction mlixtures,
andldplate(l out onl nutitrienit agar to estimate the
numlber of viable bacteria presellt. These tests

0
LuJ

F-

0

0
U
z

02
U-

0 5 10 15 20
M N UTES

FIG. 2. Time courses for incorporation of radioactive
leucine by wheat leaf chloroplast fraction at 3 different
temperatures, and for contaminatiing bacteria after growth
on nutrient agar as described in the text.

showed no imiore thani 104 bacteria to le presenit per
0.5) nml of reaction mixture. Bacteria were collected
by scraping the surface of these plates, ani(l tested
in the usual amilno acidI incorporating mixture. The
bacterial systemii was nieither ribonuclease sensitive,
nior delpen(lellt oni any of the cofactors for amino
aci(l inicorporatioii. After Tritonl treatmlent, the
label founid in the bacteria coul(d to a large extenit
be sedimiielnte(d at 1000 X g (see table Vr), again
differing fromii the results wN-itlh chloroplast sti sp)en-
sionls. In a mlixtuire of Triton-treated bacte,ria and(
chiloroplasts, the counlts (lue to blacteria were se(li-
mented, whereas those due to chloroplast activity
remiiained in the supernatant after a 1000 X g ceni-
triftigationi. Finially, as iight be expected. the time
couirse of incorporation by bacteria was linear uil) to
and bevond 20 miiiniutes, both at 25 anld 370 ( fig 2).

Discussion

Participationi of bacteria in the activity measured
here may be ruledl out by criteria similar to those
ulsed recently for spinach (12) or tobacco (13)
chloroplasts. These iniclude the high sensitivity to
ribonuclease, stronig (lepenidence oln ATP ad( a genl-
eratinig systemii, oni GTP and(0on lgM additionis (table
I V) a limited timiie course for incorl)oration especially
at higher temperatures (fig 2), anid disruption of
the final product bv Tritoni (table V'). None of these
characteristics are sharedvby whole bacteria incorpor-
ating radioactive aminio acids tinder simlilar coinditioins
(see table V' and fig 2). In addition, the apparent
number of bacteria presenit, somle 10(4 per reaction,
is too smiiall to accounit for the observe(d restults.
Thus, both in present experiments, anid by calcula-
tioIn fromii previous results (2) 1 X 104 bacteria
would incorl)orate app)roximately 0.1 pt/mole in the
1 0-miinute ilncubationi period use(d standardlv here.
This contrasts with the 6 to 12 /jjLmoles of inlcorpora-
tioni actually observed with active chloroplast plrep-
arations per 0.5" ml assay. As canl be seeni from
these estimates, lot; bacteria would invalidate the
results obtained, and even 105 wouil(d begin to interfere
seriously.

The major factor in obtainiing active prepara-
tionis from wheat leaves has tuirnle(d otut to be the age

Table V. Triton DIEisruption of 14C Labeled (hiloroplasis and Failure to Disrupt Bacteria

Fraction

Wlhole chloroplasts
WAbole after Triton-1000 X g pellet
Whole after Triton-100,000 X q pellet

Bacteria
Bacteria after Triton- 1000 X t' l)ellet
Bacteria after Triton-100,000 X .i p)ellet
Whole chloroplasts + bacteria

after Triton-1000 X g pellet
after Triton-100,000 X q pellet

cpm

200
7

94

245
193
45

410
193
140

% of total

100
3.5

47

100
79
18

100
48
34
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of the plants. The chloroplasts must be taken from
plants less than 7 days old. A probably analogous
phenomenon wa,s seen with spinach (12) or tobacco
(13) chloroplasts, which had to be from yotung plants,
no more than a few weeks old. The loss of activity
is correlatedl in our work with the (lisappearance of
the 2 or 3 heavier components observed in the ana-
lvtical ultracenitrifuge. Since it is likely that the
faster pea,ks represen6t polyribosomes, their disappear-
anice wouldi be a sufficient cause for the drop in ac-

tivity. However it should be noted that good activity
in amino acid incorporatioln was seen with spinach
chloroplasts where the largest ribosomes were of the
70 S varietv (12) and in tobacco, with ribosome
componeints no larger than 80 S (4). Rigorous
proof of the cause of drop in activity of chloroplasts
with wheat leaf age requires further experimentation.
therefore.

The absence of dependenice oil added unlabeled
amiino acids for the incorporation of radioactive leu-
cine was also seenl with Euiglecna chlioroplasts (5, 6);
aild even with tobacco (13) or spinach (12) (lepeni-

dence Oil adding other amino acids was far fromli
comiiplete. The reason may probably be ascribed to
an internial pool of amino acids. Direct analysis of
tile 1000 X g fraction fromii wheat by the ninhydrini
method (14) showed the presence of 1.25 ,umoles of
amino acids and alcohol-soluble peptides per mg

chlorophyll in chloroplasts from 4-day-old leaves, anid
1.86 Jumoles/nlg chlorophyll in those from 8-day-old
leaves. In a second experiment the corresponding
figuires were 2.4 and 2.6 aimoles per mg chlorophyll.
Since this pool was likely to have included soiiCe
endogenious leucine, the specific activity of the actual
precursor pool in our experiments was not known
wvith precision. This fact makes comparisons l)e-

tveen experinlents difficult; although the results with-
in any 1 experimeint are still valid. The tabular
results of /junmoles of leucine incorporated/mg p-)rotein
are based on the known specific activity of the addedl
leucille, and are therefore likely to be underestimiiates.
These values, in the range of 3 to 12 u,lmoles/mg
total protein, are consistent with those found in other
systems, especially since the active ribosomes could
not represent more than a small fraction of the total
protein present.

Wheat chloroplasts resemble those froml spinach
(12) but (liffer from those from tobacco (13) or

Elu glenia (6) in having a strong dependence oln added
GTP, and in being inhibited by a relatively low con1-
centration (40 jg/ml) of chloronlphenicol. Inhibition
of tobacco or Eugle;ia chloroplasts needs 5 times as

illutch of the latter reagent, and Elugleina cytoplasnlic
ribosollles (7) are completely inIsenlsitive.

\XTheat chlorol)lasts may l)e ullique in the high
proportion (up to 50 %) of labeled protein which is
soluble, rather than attached to either ribosomes or

membranes. This probably irepresents formati,on of
protein chains which are released when conmplete, since
the proportion of soluble counts increases with tinie
of incubation (table IV). Anlother feature of the

wheat chloroplast system is the appearance of ribo-
some peaks having apparent sedinlentation constants
of 80S and lOOS. Ribosomlle componeints obtained
froni spinlach chloroplasts have not been heavier than
65; to 70S, (1, 10, 12), alnd those fromii tol)acco ini-
cluded 70 anld 80 S l)eaks (4). In the l)resellt case,
the 80 ail(l 100 S compl)onents were destroyedl)b
brief pretreatment witll ril)olluclease, a phenionilenoll
nlot seeni even for the largest conlpoinenit ill tobacco
chloroplast extracts. It seems illost likely that these
larger comlponlents are polyribosomes in view of this
(lestrtuctioll; however a miiore precise (lefiniitionl of
their natulre, extent aind ftunictioni remiaill objectiv-es
of futtture work witll this svstem.
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