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Sutmmary. Greening of leaves of Phaseolus vulgaris in the presence of chlorampheni-
col inhibits formation of A) total chloroplast protein, B) an easily extractable fraction
removed during isolation of chloroplasts in isotonic media by differential centrifugation,
and C) the insoluble lamellar fraction which remains after extracting osmotically shocked
freeze-dried plastids. The inhilbition of insoltxble chloroplast protein formation is cor-

related with decreased formation of lamellae and increased formation of vesicular struc-
tures. In contrast, chloramphenicol increases the formation of a fraction not removed
du.ring differential centrifugation, 'but removed by water extraction after osmotic shock
and freeze-drying of chloroplasts. Analysis of this fraction by electrophoresis and
column chromatography, indicates that the increased accumulation of this protein frac-
tion is largely due to accumulation of a protein which is normally present in this fraction
in small quantities. It was suggested that this protein may be a precursor which is
normally incorporated into the lamellae. The protein extracted from freeze-dried chlor-
oplasts of chloramphenicol treated chloroplasts contains a smaller proportion of one or

more proteins than a similar extract of untreated plastids. However, per plastid, no such
difference exiists.

Chloramphenicol inhibits the formation of photo-
synthetic activities of chloroplasts when present dur-
ing greening of etiolated leaves (14,16, 17) and
inhibits greening and accompanying protein synthesis
of etiolated Euglena (22). Since chloramphenicol
is a specific inhibitor of protein synthesis in bacteria,
it was suggested that chloramphenicol inhiibited de-
velopment of Hill and photosynthetic phosphorylation
reaction activities of chloroplasts by inhibiting the
formation oif particular proteins required for these
reactions (16). In support of this it was eshown
that chloramphenicol inhibits light dependent synthe-
sis of total chloroplast protein, and light dependent
increase in the activity of the soluble chloroplast
contained enzyme, riblulose-1,5-diP carboxylase (16).
The results presented in this publication stem from
an attempt to determine whether proteins necessary
for photosynthetic phosphorylation and Hill reac-
tions are absent in chloroplasts from chlorampheni-
col treated plants. Evidence for absence of protein
necessary for Hill reactions and photosynthetic phos-
phorylation was not obtained. Instead it was fotund
that chloramphenicol treated plants accumulated a
water soluble protein fraction accompanied by a
decrease in lamellae formation. A preliminarv ac-
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count of some aspects of this work has already been
presented ( 15).

Materials and Methods

Plant Materials. Seedlings of Phaseolus vulgaris
var. Black Valentine were grown and treated with
chloramphenicol as described previously (14). The
designation, "treated," refers to p'ants sprayed with
4 mg/ml chloramphenicol after 6 days growth in
darkness, followed by exposure to white fluorescent
light at an intensity of 1000 ft-c for 48 hours. The
designation, "untreated," refers to plants to which
ehloramnphenicol treatment only was omitted.

Electron Microscopy. Leaf tissue was fixed by
cutting pieces 1 mm2 or less into buffered perman-
ganate at 00 (20). Pieces of tissue were taken
from a point midway between the inidrib and mar-
gin, and halfway between the leaf tip and base.
After 20-hours fixation at 40 the tissue was washed
wA7ith ice water. It was then dehydrated with alco-
hol and embedded in epoxy resin (2). Sections
were mounted oln Formvar coated grids and were
examined with an RCA-EMU-3 (F) microscope
tusually at an original magnification of 2600X.
However, for measuirement of thylakoid thickness,
examination was at an original magnification of
55,000 X.

Preparation of Chloropl(asts and Determinationt
of Nitrogen Content per Plastid. Once washed
chloroplasts were prepared by differential centrifut-
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gation as described for preparation of plastids for
measturements of photosynthetic activities (16), and
are referred to as crude chloroplasts. Purified
chlorcplasts were prepared by centrifuging a sus-
pension of crude chloroplasts in a density gradient
(21). Plastid pellets (crude or purified) were sus-
pended in water, freeze-dried, and stored over silica
gel at 4°. Freeze-dried cru(le plastids were used for
preparation of chloroplast extracts while either
cruide or purified chloroplasts were used in the prep-
aration of antisera. Before freeze-drying, the crude
chloroplast preparation is contaminated with large
numbers of starch particles and with large numbers
of fairly uniform particles abotut 1 ,u in diameter.
The latter are probably mitochondria. Although
present in numbers equal to or greater than the
plastids, calculation of relative total volume of chlor-
oplasts and mitochondria from their diameters indi-
cate that the latter would not be more than about
5 % of the protein of the chloroplasts plus mito-
chondria. Density gradienit centriftugationi removes
all the starch and greatly increases the chloroplast
to mitochondrion ratio. Extracts of freeze-dried
chloroplasts, prepared as described below, contained
RNA and DNA equivalent to 5 % and 0.3 % of the
freeze-dried preparation after correction was made
for sucrose and starch in the preparations. If the
aqueouis extraction procedure extracts a large frac-
tion of the DNA present in the chloroplast prepara-
tion, it would appear that the nuclear contamination
of the chloroplast preparation is small, since nucleii
consist of about 10 % by weight DNA (24).

To determine the nitrogen content per plastid,
cruide plastids were: fixed in 4 % formaldehvde
containing 0.4 M sucrose and 0.05 M Na phosphate,
pH 7; purified by density gradient centrifugation;
and nitrogen content and number of plastids deter-
mined ( 16).

Preparation (nd Analyses of Plastid Extracts.
Two-tenth g portions of freeze-dried crude chloro-
plasts were ground in a Ten Broeck homogenizer
-with about 10 ml of water at 00. The homogenates
vere centrifuged at 100,000 X g (avg) X 60 min-
utes. The supernatant fraction was carefully de-
canted so that all the green pellet was left behind.
The supernatant fractions, termed extracts, of
treated chloroplasts contained 200 to 500 ,ug/ml of
trichloroacetic acid precipitable nitrogen per ml, and
untreated 100 to 200 ,ug/ml. Extracts of treated
were diluted to the same protein nitrogen concentra-
tion as untreated and both utltreated and treated
were concentrated by partially drying them in dialy-
sis sacs in a stream of air at 40 for 2 to 3 days.
Concentration of extracts by freeze-drying was uin-
satisfactory since a good part of the resulting dry
protein cotuld not be redissolved in water or diluite
bulf fers.

For determination of soluible and insoluble plastid
protein, replicate portions of freeze-dried plastids
homogenized in water were takeni. Protein of some

portions was precipitated with 10 % (w/v) trichloro-
acetic acid, while other portioins were first separated

into soluble and insoluble fractions by centrifuga-
tion at 100,000 X g, before addition of trichloro-
acetic acid. Trichloroacetic acid precipitates were
collected by centrifugation after standing overnight
at 40 to insure qtuantitative collection. The precipi-
tates were washed with 10 % trichloroacetic acid
and digested by a modified Kjeldahl proceduire (9).
The ammonia formed was determined with Nessler
reagent (29). Protein was calcuilated by muiltiply-
ing ammonia nitrogen by 6.25. The protein of ex-
tracts tused for chromatography was also determined
with the Folin phenol reagent (12). Bovine seruim
albuimin (Armour) was tused as standard. Agree-
ment witlhin 10 % between Folin and Nessler meth-
ods was obtained with either extract from treated
or untreated.

Carbohydrate content of freeze-dried plastids
was determined with anthrone (13). The protein
containing chloroplast extracts were assayed for
DNA and RNA with diphenylamine (4) and or-
cinol (29), respectively.

Preparation of Sera. Rabbits were injected in-
tramuiscullarly with freeze-dried chloroplast prepa-
ration suispended in Freuind's complete adjuvant and
saline, followed by a second injection of antigen in
incomplete adjuvant after a 2-week interval. Fifty
mg of tuntreated or 25 mg of treated plastid prepara-
tion was use(d per injection. Bleedings were carried
out for 4 weeks at weekly intervals starting 4 weeks
after the first injection. Serum was cleared of fat
and particuilates bv centrifuiging at 100,000 X g X
60 mintutes. Antiseruim from 4 bleedings of each
of 2 rabbits injected with the same antigen was

pooled. Control sera had been obtained previously
from the same animals before initiation of the in-
jectioni schedule.

Antisera were prepared to: 1) tuntreated crude
chloroplasts; 2) an acetone powder of uintreated
crude chloroplasts; 3) ntntreated putrified chloro-
plasts; and 4) treated crutde chloroplasts. All anti-
sera aggluttinated su-spensions of freeze-dried chloro-
plasts from untreated or treated leaves. However,
residules of freeze-dried chloroplasts that had been
extracted with water 3 times did not give a clear
cut aggltutination reactioni. The antisera gave a
precipitin reaction with extracts from freeze-dried
chloroplasts. With a 1:8 dilution of sertum about
1.5S ,ag of extract protein from either treated or
tuntreated was needed to give a precipitate with
sera to crutde plastids, btut abouit 10 ug vas reqIuired
with seruim to puirified plastids. Similarlv, the
titers of sera to crutde plasti(ds were aboutt the same,
a serial dilution of about 1:128 being the limit which
gave a precipitate with 10 ug of extract protein.
However, serum to pulrified plastids yielded a pre-
cipitate only when clilutions no greater than 1 :8 were
tised. Antigen-anitibody precipitates were not mar-

kedly soltuble in excess antigen. The shape of the
titration curve for seruim (1) was tvpical for all
antisera (fig 6). In the region of excess antigen
sera (1) an(d (4) yielded abotut 4 times as muich
antigen-antibody precipitate as sera (2) ancd (3).
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These resuilts contrast with a report in which ace-
tonie extraction of chloroplasts was requiired to ob-
tain ainti'body ( 1 1).

AWtigenic Analyses. Precipiti n reactions were
carried ouit in solultion or agar gel. In soluitioni a
mixtuire of v-arying amouints of chloroplast extract
was incubated with replicate half ml portions of
sertum for an houir at 360 followed by 72 hoturs at 4°.
Precipitates were collected by centrifuigation and
were washed 3 times with 1 % NaCl. These were
(lissOlvCd in 1 N NaOH anll proteill letermined with
the Folin phenol reagent. The suipernatant frac-
tiolus from the precipitin reactions were tested for
excess autibody and aIntigeIn by double difftusion in
agar uisilng chloroplast extract containiing 150 jg
proteini/ml or Un1dilLuted seruim as test reagents.
Douible (if fuision precipitin reactions in agar were
carrie(d oult by staindard proceduires (3, 8).

Ci1 roi01atography of Chloroplast EXtracts. Ex-
tract protein (25 mg) in 25 ml was (lialyzecI with
stirring agaiinst 1.1 0.005 M phosphate pH 8.0 for
2 houirs aind the (lialvsis repeated with fresh buiffer.
The conteints of the dialysis tube were qtuantitatively
transferredI to a 1 X 16 cm coluimin of DEAE-cellu-
lose (WN hatmain DE 50), and the colulmn swashed
wA'ith 10nml of buniffer. This was followed by a con-
vex gradieint of 0.0 to 0.3 M NaCl in 0.005 M phos-
phate pH 8.0 until ain additional 465 ml ha(l been
collected. The column was then washed with 50
ml of 4 xi NaCl in 0.005 M phosphate pH 8.0. Efflu-
ent was collectedI in 5.0 ml fractions. Elution was
carriedl ouit at 40 at a flow rate of about 25 ml/hour.
The resin was removed and extractedl 3 tim,s with
0.1 N NaOH and extracts pooled. Protein content
of elua<lte fractions wvas determined with Folin phenol
reagenit. Resini was prepared for chromatography
by washing with 0.1 N NaOH till filtrates were
colorless; with wx ater till neuitral, and(I wtNith 0.005 NI
phosphate pHI 8.0 till the eluiate was pH 8.0 to 8.5.

Electrophloresis of Chioroplast Extracts. Either
0.2 or 0.5 mg of extract protein in 0.1 ml of wvater
was placed in a well, I X 0.2 X 0.5 cm, in a sheet
of 5 % acrylamide in 0.02 Tris-maleate pH 8.0.
Equa.l anmoounts of protein from treated and tuntreate(d
Nwere compared. Separations wvere carried otut at
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1 to 2 ma/cm nwith a voltage graldielnt of 10 to 20
v/cm at 200. Protein wvas fixed and stainedI with
0.5 % light green in 5 % acetic acid, 25 % ethyl
alcohol ancd destained with 2 % acetic acid.

Results

Once wvashed freeze-drie(l chloroplast prepara-
tions contained abouit 50 % by weight carbohydrate
which consisted of starch and sutcrose. After sub-
tractinig this carbohydrate contaminlation, the re-
mainider containe(I 60 to 70 % proteiin by weight,
whlether clhloroplasts wvere isolated from treated or-
untreated leaves. Correction wVras made for nitro-
gen contained in chlorophyll, but not for nuiicleic
acid.

The 100,000 X yq pellets of freeze-dried crtlde
plastidIs extractedl wvith water cointainied all the green
pigment of the freeze-dried preparation. The suiper-
natant fractioin from tintreated was a pale brown,
wNhile that from the chloroplasts of treatedl leaves
was paler and more yellowish even though the latter
had twice as muich protein as the former. \Vhen
a chloroplast sample was extracted sticc ssively 3
times, the first extract contained 85 to 90 % of the
trichloroacetic acid precipitalde nitrogen removed
by the 3 extractions. No difference in p2rcent of
trichloroacetic acidI precipitable nitrogen removed
bv the first extraction was observed between chloro-
plasts from uintreatedI or treated leaves. However,
the first 100,000 X q suiperniatant fractioin from
treated contained 62 % of the trichloroacetic aci(d
precipitable nitrogen preseint in the freeze-dried
chloroplast preparation, while the suiperinatanit frac-
tion from utntreated contaiined only 23 % (table I).
Acetoine extractioii in the cold of freeze-dried chlor-
oplast preparations of uilitreated leaves dlid not inl-
crease the amotunt of protein that couild be extracte(i
subsequiently b1 homogenization with water.

Once washed plastids were fixed with formalde-
hyde and were purified fuirther by centrifuigation in a
densitv gradieiit. These chloroplasts cointaine(d the
same amouint of trichloroacetic acid precipitable Ini-
trogein per plasti(d whether the preparations were
ma(le from treated or uitre,ated leaves (table I ).

Table I. Pr(tein Contcnt of Chloroplasts

Chloroplasts
fixed durinig

homogoenization
of leaves.*

Sotirce of ,.g N/plastid X
cbloroplasts 107

Dark 4.0 -+ 0.1
Untreate(d 7.8 0 4
Treated 5.9 0.1

Chloroplasts
fixed after
isolation b-y-
dif ferential

centri fugation
Ag N/plastid X

107

Unfixed clloroplasts, freeze-dried after
differential centrifugatio

Extractable N
% /Lg/plastid"

of total X 10

Unextractable N
f ttal 1/plastd**4

of total X 107

.. ...

5.0 -+- 0.2 23-+ 16t 1.1 73 -- 16
5.4 0.9 62 6 3.3 38 7

3.6)
2.0

* Data firom published experinments (16).
* W Calculated from data in columins 3 anid 4.

Calculated from data in columtns 3 and 6.
r Stanidard deviationi for deternlinationis of 4 separate chloroplast preparatiols.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ "'i''4'.
FIG. 1. Chloroplasts from (a) untreated and (b) treated leaves. Low magnification. C, cytoplasm; CM, cell

membrane; CH, chloroplast; CHM, chloroplast membrane; G, granum; IGL, intergrana lamellae or frets; S, stroma,
V, vacuole, VS, vesicle.
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FIG. 2. Chloroplasts fromn (a) untreated and (b) treated leaves. High magnificationi. For abbreviations see legend
to figure 1.
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This was surprising in view of previotus determina-
tions of plastids fixed dturing grinding of leaves
which showed treated plastids had less protein than
untreated (table I; 16). It was calculated from the
nitrogen per plastid of fixed plastids, and percentage
soluble protein of freeze-dried plastids, that once
washed plastids from treated leaves have less insol-
iible protein nitrogen per plastid which is replaced
by an increase in the soltuble protein fraction. The
absoltute qulantities of protein nitrogen per plastid
for crude plastids, isolated withouit formaldehyde
fixation, and those fixed with formaldehyde before
isolation, agree well with published values for plas-
tids of the primary leaves of Black Valentine bean
plants ( 16, 18).

The extractability of more protein per plastid
from once -washed freeze-dried plastids of treated
than uintreated leaves is correlated with decreased
lamellar structuire in electron micrographs of per-
manganate fixed leaf pieces (fig 1, 2). The pro-
lamellar body, present in plastids of etiolated leaves
(18), is absent in both treated and tuntreated. Nuim-
erouis grana are observe(d in each chloroplast section
from untreated. The grana are regularly arranged
anid connected by intergrana lamellae or frets. In
treated there are chloroplasts identifiable by the
presence of grania. These grana are fewer in nuim-
ber, tend to be larger and more irregular in shape,
and often contain thylakoids -with enlarged loctuli.
However, where thylakoids are closely packed their
thickness in tuntreated and treated is about 160 A.
This agrees well with previously ptublished figures
for similarlv fixed bean leaf material (32). In
treated, in addition to the grana, there are ntumerous
vesicle like struictuires (fig 1, 2). These may be
sections of spherical or tubular structures. Thev
appear to replace the frets present in the uintreated
plastids. In leaves of treated, some sections of
organelles which are probably plastids, have only
vesicles. Soome organelles present in leaves of
treated may be chloroplasts, buit are not definitely
identifiable as suich since they lack both grana
and vesicles.

Extracts of chloroplasts from treated and tin-
treate(l leaves were chromatographed on Whatman
DEAE-cellulose powder (fig 3). About 80 % of
the protein applied to the column couild be eluted.
A small amouint of protein was not held by the resin
and was washed throtugh with the eqtuilibrating
buiffer. A large amotunt of protein was eluted with
the 0.0 to 0.3 -i NaCl gradient. In the particuilar
experiment presented in figuire 3, 54 % of the extract
protein from uintreated and 64 % of the extract pro-
tein of the treated was eltited by equlilibrating buffer
and the salt gradient. The salt gradient was fol-
lowved by 100 ml of 4 m NaCl which eluted an adldi-
tional 4 and 3 % of protein from uintreated and
treated, respectively. Extraction of the resin with
0.1 N NaOH removed an additional 30 % of tin-
treated extract protein applied and 14 % of treated.
Twelve percent of the untreated protein applied and

500

400

z
, 300

0

200

00

0o

0

.3

.2

4

0

FRACTION NUMBER

FIG. 3. Column chromatography of soluble extracts.
Folin protein per fraction of chromatograms of extracts
from untreated (filled circles), and chloramphenicol
treated (unfilled circles) chloroplasts; calculated NaCl
concentration of solution added to column (triangles).

19 % of the treated was not accounted for. These
results are typical. No consistent differences were
noted between treated and untreated with regard to
the percent protein applied removed by one eluant.
However, a consistent difference was noted in the
pattern of elution by the salt gradient (fig 3). In
both treated and untreated, a small peak was ob-
served before the start of the salt gradient. The
salt gradlient produced one large peak with both ex-
tracts, with indications that the large peak is com-
posed of a number of separate peaks. For example,
a shoulder or sub-peak was consistently observed in
fractions 30 to 40 of uintreated. A consistent differ-
ence in the location of the principal peak was noted
depending on whether protein from untreated or
treated chloroplasts was being eltuted. The peak from
tuntreated occurred at a higher salt concentration than
the peak from treated. More protein from treated
than untreated was eluted in fractions 10 to 50,
about equial amounts in fractions 50 to 70, and more
from uintreated than treated in 70 to 100. One can
explain these results by the following: both extracts
are composed of a nuimber of different proteins
eltited by 0 to 0.3 M NaCI; the 2 extracts differ
quantitati,vely in-respect to the relative amounts of
these different proteins. It is suggested that botl
extracts have proteins in common, but treated con-
tains more of some components and less of others
th,an tuntreated.

Support of this viewpoint was obtained from
examination of the extracts by electrophoresis. The
protein of extract from untreated moves largelv as
one band (,8) at 0.30 to 0.45 (relative to serum
albutmin at 1.0), (fig 4). An additional but faint
band is found at 0.50 to 0.70 (a). Protein, ustuallv
without distinct band formation, occurs from the
origin than the B band of treated. This indi-
band at about 0.13. The extract from treatedl also
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trophoresis of protein from uintreated andl treatedI
resuilts in a blturring of the separation between the
a and /3 bands, indicating a real (lifference in the
mobility of the /3 bands. Extract of uniitreate(d reg-
ularly contains more proteini (stainiedI material) in
region y than does extract of treated, even thotugh
this is not shown clearly in the photograph (fig 4).
Thus, when eqtual amouints of protein of extract
from treated and untreated are compared, it is

foulnd that extract of treated containis more of one
component, and probably less of ainother than extract
of ulntreated, while both contain abouit eqtial amotunts
of a third component.

Additional evidence to stupport the concluision
that treated contains less of at lea',t one componenit
present in untreated w\as obtained 1Xxvise of anti-
seruim to uintreate(I plastids. \Vhen antisertum to
crilde uintreated plasti(ds w\as reacte(l with extract
of tuntreated by doublle (lifftisioni, 2 prec'pitin bands
Nwere formed. Ona of these fuise(d xvith the sinigle
band forms as a resuilt of reaction of antiseruim xvith
extract of treate(d (fig 5). W'ith higher concentra-

PRECIPITIW BAEDS FORMD BY DTFUSION IN AGAR
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Serum Plastids used to mg protein ml
prepare serum in diffusion wells
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Precipitin band pattern
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eA@rua
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e
FIG. 4. Electrophoretogram of extracts of (1 ) un-

treated and (2) treated clhloroplasts and of (3) bovine
serum albumin. Five-tenth mn( protein NN as placed in
wells 1 and 2 and 0.2 mg in Nwell 3.

forms hands in regionis a andd3. More protein is
preseint in the a band of treated than tuntreated,
wlhile there are aboLut equial amounts of protein in
the /3 bandIs of treatted an(l uintreated. The front of
the /3 band of tintreated is slightly fuirther from the
origin than the /8 band of treated. This inidi-
cates a lack of identity b)etween the /3 bands of
treated and untreatedl, wvhich couild be dule to A)
the presence of muiltiple components in the ,3 band
of untreated which are unresolved, fewer compo-
nents being present in the /3 band of treated, or B)
the lack of idenitity couild be due to the presence of
2 different /3 ban(d componnenits, onie presenit in uin-
treated, and the other present in treated. Co-elec-

160

1300

Crude, chloram-
phenicol treated

0 0
0

0
00

01I0

FI(G. 5. Diagramatic representation of precipitin
bandls formed by douibe diffusion in agar of cAloroplast
extracts and antisera. The circles indicate wells in agar
containiing (a) extract from untreated chloroplasts, (b)
extract from treated clloroplasts, and (c) antiserum.
The lines betwxeen -%vells indicate the formationi of sharp
precipitin bands and stippling the formation of diffuse
regions of precipitationi. The distance betxx een the ceni-
ters of the well conitainingr antiserumll anid those containing
extract was 2 cim. \V!ells xv ere 8 mnin in diamleter.
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tions of extract this difference remained. Although
additional bands were observed at higher extract con-
centrations, no additional regularly occurring differ-
ences were fotlnd. Thus there appears to be a
component in extract of tuntreated which is absent
in extract of treated. With antiserum to puirified
plastids from tuntreated leaves, a slightly different
pictture is obtained. With this reagent, extract of
treated forms a single heavy precipitin band, while
with extract of tuntreated, no band, or one that was
barely detectable was formed. Here one can only
conclude that one component in the extract of
treated is present in a lower concentration than in
extract of untreated.

An attempt was made to prepare an antiseruim
to the component lacking in extract of treated by
absorbing antiserum to crude tuntreated plastids with
extract of treated (f;g 6). Possible involvement of
this component in Hill and photosynthetic phos-
phorylation reactions couLld be tested by looking for
an inhibitory effect of antisertum to it on these
plastid reactions. Additions of 60 to 400 Ag of
extract protein from chloroplasts of untreated leaves
precipitated more antibody-extract protein than
equal amounts of extract protein from chloroplasts
of chloramphenicol treated leaves. With larger
qtuantities, as muich extract-antibody protein cotuld
be precipitated by extract of treated. Sixty ug or
less of extract from uintreated was required to re-
move antibody and 250 ,ug for excess antigen to be
detectable. However, 250 u4g or more of treated
was required to remove antibo(ly and 440 Mug for
excess antigen to be (letectable. These results can
be explained by asstuming that each extract consists
of a mixtture of antigens, of which, some represent

wo 400, X:

0-

0.

ffi 200 t Iz

J °0

S.-

0

0:
0
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<, G CHLOROPLAST PROTEIN / 0.5 ML SERUM

FIG. 6. Titration of ant iserlim ( 1) to crude iin-
treated chloroplasts with chloroplast extract fronm Ui1-
treated (filled circles), and chloramphenicol treated chlor-
oplasts (unfilled circles). Valties are avera-res of 3 rep-
licate experiments carried out wvith the same batch of
serum but w-ith differen-t extract preparations. Standard
deviations from 60 to 625 u,r cli!oroplast protein added
are about 25.

a smaller proportion of the total extract protein of
treated than untreated.

Chromatography and electrophoresis show that
there are components that represent a larger propor-
tion of the total extract protein in treated than un-
treated. Consistent evidence to support these ob-
servations using antiserum to crude treated plastids
was not obtained. Although faint precipitin bands
were formed with low concentrations of extract of
treated which were not formed with extract of un-
treated, these differences disappeared at higher ex-
tract concentrations (fig 5). Fuirthermore, the
amotunts of extract-antibody protein precipitated by
equal amounts of extract protein from uintreated
or treated chloroplasts wvere the same over the range
30 to 3000 ug extract protein per half ml of anti-
serum.

Discussion

The effect of chloramphenicol on the develop-
ment of chloroplast strtucture has been studied pre-
viouisly by Dobel (5). In that sttudy chlorampheni-
col was applied to the shoot apex and developing
leaves at one-fouirth the concentration tused in the
present sttudy. Thus, the effects observed are the
effects brouglht abouit by application of chloram-
phenicol at different times dturing plastid develop-
ment. In the present study chloramphenicol was
applied at the stage of leaf development when all
plasti(ds had presumably reached a similar stage of
growth in which they contain a well-developed pro-
lamellar body (18). Then plants were place2d in the
light to permit chloroplasts to tundergo light depen-
dent development in what would be expected to be
a synclhronouis manner. In spite of this, the varia-
bility in plastid strtuctture of treated leaves seems
to be as great as that observed by Dobel (5). Al-
thouigh some unutsually large grana were formed, the
thylakoid loculi were not as swollen as reported by
Dobel. There was no readily identifiable fretwork
strutctuire, buit vesicles or tutbulli were present as pre-
viouisly reported. In some instances 2 or more
vesicles appear close together and probably represent
swollen thylakoids. Many of the vesicles appear
singly and might indicate aborted thylakoid or fret
development. The vesicles vary in size from about
500 A to 2500 A, and are comparable in size to those
observed by Dobel (5). The chains of vesicles that
sometimes appear to extend from the grana indicate
that, in part, the vesicles represent a reduced fret-
wNork structulre. Although thylakoid lamellae in the
plasti(ls from chloramphenicol leaves are not notice-
ably different in structture from those of chloro-
plasts of normal leaves, there must be some differ-
ence in structure to explain the inactivity of the
plastids in Hill and photosynthetic phosphorylation
reactions ( 16).

Structural deformations showing similarity to
those observed as a result of chloramphenicol treat-
ment also can be prodtuced by some mineral deficien-
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cies (23, 26, 30), darkness (1), treatmenit with chem-
icals that interfere with metal)olism ( 1, 5, 25), or
mtitationi (7, 10). The greatest similarity is foutnd
with the plastid mutation granidigrania (7) in which
large grania are formed withouit enllargement of
locuiles, as wx-ell as vesicles which occuir singly and
in pairs.

The protein of the chloroplasts of untreated
leaves cani be (lividle(d into 3 categories: A) that
fraction which is lost (lulring isolatioin by differen-
tial cenitrifulgation itn isotonic medlia, buit is not lost
when chloroplasts are fixed (Iluring homogenization
of leaxes, B) a fraction which is extractable with
water after osmotic shock and freeze-drying of iso-
late(d chloroplasts; C) the insoluble chlorophyll
conltaininlg residtue left after the above-mentioned
extractioins. Fraction A protein probably is the
sanie as that lost in aqueouis media, buit not in non-
aqueouis, which consists of fraction I and II pro-
teins (6). The soturce of the easily lost protein
probably is the plastid stroma since, in acllieotis
preparationis, the plastid envelope seems to be se-
verely (lanlaged with mutch loss of stroma (6, 19,
31, 32). Another interpretationi of the similarity
in proteini content of treate(d chloroplasts fixedl be-
fore alndl after isolation is that chloramphenicol
modifies the properties of the plastidl membrane so
that proteins are Ino longer easily lost. Fraction B
probably corresponds to the extract of Heber and
Tyzkiewicz (6) that was prepare(d by soication of
plastidls prepared in an aqtueouis me(liuim. It too
probably largelv consists of stroma protein. How-
ever, some protein might be extracte(d from the
lamellae, possibly more from the lamellac of treated.
It is niot possible, however, to assign defiinitely frac-
tions A anid B to a particullar plastid structuire.
Frractioin C tin(lotibtedly consists of the lamellar por-
tion of the chloroplasts, or part of it, since it coIn-
tailns the photosynthetic pigmeIlts.

Anialysis of equal amouints of fraction B from
treatedl aind uintreate(l by electroplhor-esis showrs (lif-
ferenices ill compositioII wh-ich indicate acculmuilation
in treate(l of component a (fig 4). Since treate(l
plasti(ds containi 3 times as miuch fractioin B it is
obviouis that in each plastid chloramphenicol resuilts
in a very great increase ini the a compoinenit of
fraction B .

Examination of chromatograms can also be in-
terprete(l to indicate the massiVe aIcclumuilation, in
fractioni B of chloramphenicol treated plastids, of a
componient normally present ini muich smaller quiian-
tities (fig 3). Here, too, the experimeints represent
examination of equlal quantities of proteins from uin-
treate(l and treated plasti(ds. Correctilng to a per
plastid basis by mutltiplying the curve for treated
bv 3 shows that very muich more of the components
present in fractions 10 to 50 occIurs in a treated than
untreatedl plastid. \Vhether the chromatogram com-

ponenlt which has a peak at fractiolns 30 to 40 is
the same as electrophoretograin component A has
inot been (leterminedl, although their idlentity is a

distinct possibility. It is suggested that a portioni
of the extractable protein accuimuilatiig (Idiring
chloramphenicol treatnment might be a precuirsor of
protein normally occuLrring, for the most part, in
the lamellae. This seems possilble since fraction
I proteini canbie founid( both in the insoluible lamellae
anid soluble chloroplast fractioin (27,28).

No evidenlce was obtained to show accumuilation
of aIn unullisuial componleint in fractionl B of treate(l
plasti(ds by titration of antiseruim to treate(d plastids.
This couldl( be (lIle to the failture of some plastid
proteins to geinerate ailtibodly. It is estimate(l that
antibody is formedI to only 20 to 35 % of the frac-
tioll B proteini, assutmiilg illolecuilar weights of tha
proteins of 200,000, aind from this ain antibody-
antigein combining ratio of 5:1 (8).

Althouigh dlouble difftision tusinlg antibody to tiii-
treated plastids inidicated the lack of a componeint in
fraction B of treated, comparisoin by titration indi-
cates that this difference is only quantitative. These
resuilts (liffer from those obtained with Eifylecna in
which it was shown that antisertum to chloroplasts
of cells grown in light cotuld be absorbed with ex-
tract of cells grown in (larkness or cells of certain
mutants and still retain antibody to extracts of cells
grown in light (19). \Vrhen the titratioins of ainti-
serum to uintreated plastids (fig 6) are replottedI to(
compare additioins of extract fronm eqtial nlumbers
of tuntreated and treated plastidls, it is fotiind that
eqtial amouints of antigen-antibody protein are pre-
cipitate(l by equial nuimbers of uintreated or treate(d
plasticls. Thuis, althouigh the ratio of one componeint
to the total proteiin may be lower in extract of
treated, the total amount of this compoinenit in a

plastid of treatedI is about the same as in a plastid
of uniitreatedl.
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