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fvidence that the entive photesynthetic process is located in higher
plant chloroplasts (3) wias soon followed by assigoment of partial reactions

of photesyathesis to chloroplast structures, The

C’l

2 studles showed that the

Light reactions and »ssocxat>d electron transport Hcactlons leading from

water oxidation to ferredoxin peduction are located in the internal membranes

or thylakelds of the chiloroplast, whereas the CO, Ffixation and other syn-

s

thetic eazymes are asscciated with the stroma portions of the chlorcplasts

{14,29). Thylakoids, when observed in heavy metal shadowed preparations
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by electron mlcroscopy, demonstrate a particulate structure (lu,&s>,

. . ‘ e,
This structure, 150 to 200 A in diameter, ma

3

xinglup the membrana, can
“erist ir ;ghl ordered arrays (17) and was termed in thisvlaboratery
"quantasoma" (6,15). Aggregates of small numbers of‘quantaSOmcs yield
Hill feaction rates comparable'to'those_of whole cbloroplasts (l“)é The
chémic&l-composition of these étructupes has been a subjcct of several
studies from this laboratory (10916,17), The wembranes are about 50%

. protein and 350% 1lipld, ‘

'

)

To further evaluate the relationship between energy conversion
processes and thylakoid structure, cne would like tec employ methods which
alter in specific ways both the physiologlcal and morpholeglcal charac-

teristics of the mezbranes. Detergents havn often been used in this

conEe L

(1913 H@weVQr,,rec@nt studies have indicated that hydrolytic enzymes
may alsc serve as a useful tool for this k*n of investigation (7 p11,20),

N

Thls paper reponrts the sffects of two hydrolitic enzymes on the

.

structure and Lunrtaon of iaolated thylakelds, “The enzymes useé’Were'

. & ¢rude 9re?aratimn from runner bean leaves (containing gélactelipaseav_
md galactosi ilgﬁo) and tﬁe proteclytic enzyme pronase, ?hysiologiéal
activity wag assayed . L by naasur;nh #ill reaction efficiencies (21, 22)
extr»nolﬁteg to zero l&@ht Lnueﬁ ities. This méaégre ;f.activity Dro-
duces considerably more inferra:ion az to the hydrolytic énm]ﬁe effect
than does measurement éf ﬂ&turationfrate. Structural chaﬁges were fb;—
Llowed both spagﬁvally and morphologically. imrﬁholo;ical cnapgc¢ within
the membranes wefe follawed by usé of the freez »@tch tccanl,ua (lc}. A
detailed eﬁamindtkon of untreated thylakeolds using this technique has

been carriazd out by Branton and Fark (5),
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TERIALS AND Hﬁ.lf’OD

Proparation of_Chloroplasts.' Intact chloroplasts and‘chloroﬁlést

fragments were prepared from apinach leaves. obtained from local stores,

. In geneval, 125 g of leaves were homogenlzed for 30 seconds in 2350 ml

= 70’*’ iand‘ OQGlM

-

k:
g,
P

grindi Sng medium (0,35 M HaCl, 0. 02 M Tris-HCl
EDTA) in a Waring Blen&orc The howagendte wag strained thrcugh 8 layerf
of cheesec cloth and centrifuged ACCQdenr to.Park arik Pon (14) to isclate
once washed chloreplasts or chloroplast fragments. For the spectrogboto—
metric measurements, concentrated buffered aqueous suspensions of chloro;

plast wrafmenta were diluted with deioq~“od witer in order to achieve a

Final absorbance hetwsen 0.3 and L.0 at 678 mu. Ch loropnvll was deter-

mined by the method of Arpon (2).

Enzyme Preparation from Punner Bean Leaves, The runner bean leaf

enzyme preparation was prepared accordi ing to the ammonium sulfate pre=

cipitation procedure of Zastry and Xates (24), Fresh primary leaves

. (50 g) from 3~ to u~hnuk ©18 runner hean plants were homogenizoed wlth

L)

100 ml of &eicnized water for 2 minutes in a Waring Rlendor. The

homogenate was filtered tbrougb b laycrﬁ of cheesecloth and centrzfuged

at 15,000 »#. g for 20 minutes at 0% Seventy ml of the supernatant were

. centrifuged further at lao,odp % g for 60 minutes at 0% The resulting

supernatant (70 mi) was dialyzed overnight against 10 liters 0.05 ¥ phoephate
puffer (pH = 7,0)¢ Solld ammonium sulfate was added to the dialysata,

The fraction preeipitating up to 70% szaturaticn with ammonium sulfate

was centrifuged at 15,000 x gz for 20 minutes aud dissolved in 0.05

~ phesphate buffer (ﬁ} = 7,0), dialyzed overnight against 10 liters of the

same buffer and diluted with buffer to 28 mly protein concentration,

9,24 w,/ml. This premarthon (RET) wag kept at <159,
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Inzymatic Dvgraaat1on of Chlcrbpla@ts and Chleroplast Fragments, Con=

ceﬁtrated baffered Mo*ution of crloroplasta and chlqroplast menbranes were

i

trnated with the RBE p rcparatlcn or p%onase (°trowtorVCﬂ° gvlseus protecsey

B grades #5,000 FoU.} units/g; ﬁ.grade; Calbiochem._ PoU.Ket  Unit of
_proteoli ic act;vxty of pronnwe defurﬂﬂ by thvaakan‘Chemical Company. )}

‘The reactions wers un at SO° under nitrogen and terminated by washing

thé chleroplasts 3 times in the same media in which they were initially ’
suﬁp@nded, Samples were diluted fof‘the épeétropbotometric aBsays.
13@1@&3@ of free galactose by R f“vfrom the galactoliyid fractiég éf:
chloronlast membranes was assaved with yalactoso oxi (ualactosta
worublnfgon *iochoﬂ;cal Corpeg Lrenhmldg ﬂew Jcr ey)- Protein nitrogen

wids determlned_by the Kjeldahl method exgept that 5e0Cl, was used as a

catalynt instead of HgSO, .

D )

Hill Reaction. The DCPIP (2,6-dichlorophenclindophenol) Hill reaction
activity wag assayed by the spectrophotometric mathod described by Sauer

and Bicrin 2. (21}, Experiments ware carrisd out using the Cary Hodel 14

apeqtrcphotometer modified so that'the absorbkance of the Hill oxidant

could bef@onitored ccnt;nuouqu at 580 mp (Egqy = 19,800 L-mole~l at
pH = 7,#§ (1) wﬁile the sample was being irradiafed '“om the side wiih
1onger‘wéyeléngthvlight_(650 TR |

Thaléuvattestaéed had 4 cle%r sides nnd a rcc»aﬁgular ’nternal eross
nCCLiOﬁ 3 mm x 10 mm, The mcnocprcmatic measuving:bmam passed through
the l' mﬂ fath lpn h, éna.tue acfiﬁgc iigﬁf iﬁcident ét right;angles on
the oamplo cuvetuc traversed a B‘mm light path in thc.réactiOn &ixture.
Light intensity was measured wwt ‘a calibrated silidan solar cell ﬁofiman,

Type 120 cn) pl aced at the site of the cuvette; corrections for reflection

losses were applied,
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A stoc< solution of DCPIP (K & X Laboratories, Yamakca, H. Y, ) vas

always p repared freshly on the day of the experiment. The stock DCPIP

»

solution was prepared in C.1 dilut 101 of the rrlnazn% media; pH = 7.4,

and DCPIP concentraticn Qés'ébnfirmed hy abzorbance maasurements after

the undissolved dye haé beén:remévcd_ﬁy centrifugatién; The reaction-
mixture contained in umoies)ml: Tris-HCl, pH = 7.4, 207 HaCl, SSQ;

EDTh, 10 noth'lemlne ﬂvdroc 1loride, 103 DCPIP, 0;03 to_o.os. Onee

washed chloroplasts were adﬁed invthe dark at the-start of each meaéurement
te give an absorbance of.O,B to 1.0 at 67% mu {10 mm‘péth)s Lach experi-

B

ment was performed using 2 ml of reaction mixture which was divided between

the sa mgje cuvette and tho reference cuvatte in the gpectrophotometer

Op rical Ro?atorv Disnersion {ORD) of Chlorenlast Frawmcnt Chloro-

Lo
3

&

last fragments were prepared from sonicated spinach chloraplasts according
to\%he éethod of Park und Pon (lu),v The supeénatant of a fraction sedi-
?Qﬂnln? at 100,000 x g (20 min) in a Spinco Modél L ultracentrifuge was
recentrifuged, and ;he final predipitate at 150,000 % ¢ (60 min) was resus-
pended in 0. 0? ¥ Tris-HCl huffer, pi = 7.4. CRD measurements were made at

roon temperature using a Cary Model 60 spectropolarimeter with a cell of

1.0 em path leﬁgtb. &baorutzon and d:fference nD@Ctr& of cbloroplgst

"raqnenta were meas ured by hqﬁﬁ a Cary Model l% “ycctroahotonater.

Fre@ze~etchin7 Tachniqua; The Bendix-Balzers freeze-ctch device and

methods eeacribeu by Moor (12) were used in these experiments. Once

vashed chloreplasts were sus ﬁcnaed in 10% or 20% rljcarol in the grinding

Tt

mediaz and then centrifuged at 2000 g for 10 minutes, 5amples from the

precipitate were frozen and etched for 2 minutes after which carbon

platinum replica was deposited. Hicrographs were taken with a Siemens

Elmiskop T,

N



RESULTS

Effect of Inzymes on Yembrane Dfficiency. The effect of pronase and

the RBE nropnration on the biological activity of 3pinach'chlcroplasta

was estimateﬁ by wmeasuring the quentum requirenent (elnﬁteln s/equivalent)

for the DCPIP Eill reaction og treated chloreplastss As shown in Figure 1,

the quantum reauiremenﬁ of the CQntrol experiment varied between 2 and 5.

The prcuwnce oF 10=3 ¥ wMthv*amlne in the reactzon nisture grea*ly reduceo

»

the. dependence of the quantun requir@mcnt on light intensity (22). FHow-

ever, pretreatment of the chloropla sts with either pronage or the RIL

,mrcparatloq ylﬂl Is a linear inerease in intensity dependence of the quantum

‘roqu*rewent. This increase in quantum requirement is dependent on the

QnZﬁﬂe cmncentratxaﬂ and perloﬁ ¢f incubation,

Effect of the Hydrekyﬁic Inzymes on Chemical Commnsition. The ruaner

hean leaves enzyme preparation contailns spacific enzymes which catalyze

the hydroly@ia of moncgalactosyldilinolengn-and digalactosyldilinolenin
 te the corres ponc;rv free linclenie aﬂzd free galactose and glycerol (?u)o

" The rate of release of free galaétcse is thercfore a measure of the rate

of coépléta{hy@rolyéi. of dlactol¢p,d~ bj the RBE rénaratiqna
when_chlorcplgst fragments were 1ncuLated '¢th the RBﬁ prepafation

(Fig. 2} the rate of release of galactose was about the saﬁe‘aﬁ pH 7.0

(optimum pfifor tl* actzvxtv of the. monogalacto yldll woienin enzymé).

and at pH 5 6 (optimum pH for the actzvitv of the dlhdlaCtOSJld 1nelen1n

enzyme)o - After 4 hours of incubation at 30°, JOﬂ of the galactose of thg'

cﬁlobégiaats'”gala tolipid fraction was released into solution as free

g lactosa, ‘Only half of‘thié amount was actually released by_thaﬁaddéd

8% enzyme. The second half was apparently released by enloqcnoa

=3

2
N

enzymes present In the chlorcplast preparation (sme control CurVeQ Fige 2).

The contrel level of galactose is initfally bigher thav the RBL treated
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“The data in Table I sheow that in the RBE treeted chloroplast

preparation the ratic of chlorophyll te nitrogen decreaseéd (1.37) with

respect to the control preparation (.72}, In the pronase treated

chloreplast preparation the chlorophyll to nitrogen ratio increased (2.80)

over the control value., This increase represents the amount of protein

digested away by pronase from the chloroplasts,

The Effect of the Hydrolytic Unzvmes on Smectral

=J

roperties. . The

effect of pronase on the chlorcphyll red absovrption meximum is shown in
Figure 3., The £78,5 I 0.5 mu peak of an aqueous chloroplast fragments
suspengion undargoes a blue shift after 30 minutes! incubation of the

4

chloroplast fragments with pronase. wienitude of the shift was not

further increaszed. by longer incubation times or by hig

higher'eﬁzyme‘concenn
trations., The blue 5h£ft‘of'tﬁe ﬁed abaorption maximum w Q'not_oﬁservad
in chloroplast fragmenﬁs treated Qith the RBE preparaticn. |

© The éomplex,ORD spectrum‘of suspana£on of ehloreoplast frégments found
in,oﬁr experiments (Fig. 4) is similar to the one obser&ed by Sauer (20).

Cotton effacts are present throughout the visible and ultra-violet regions

vhich are regions of ‘strong absorption of chlorophyll a2 ‘and b and carotenoids. .

The pronounced trough at 700 mp in the’QRD'spectra of the non-treated

.

chloroplast fragments is completely missing from the ORD speetra:of the

prenaze treated chloreplast fragments; the rest of the ORD spectra is

girilar to the control spectra, The ORD aspectra of the RBED treated

chloroplast fragrmouts iz essentially the same as the control spectra.

S

Lffeats of the Uvdrolytic Tnzymes on the Morpholocy of Chleoroplast

Membranes, RPranton and Park (5) have described the freeze-ctch morpholegy

S

—————

of untreated in vivo and isolated spinach chlorecplasts. A model of &



singieithyl&koié derived'frém thes¢ studies is presented in Figure'és
The:méael consists of a smmotﬁ.innef’layer'on.which there aﬁe large
4(150 A).particleso This surfacalis designated as I ‘Surfacé_A is a
view.éecn only within grana stacks; iIt-veyr—esentcs the outer portion
of the thylakéid and consists of the large pérticlqs in an emkedding
matfixa.'ﬁurface C ins the matéhing surface for sﬁrface,ﬁ. In ﬁheab:
.eg;eriménts we have attempﬁg§,tc find how HeAthylakoid,membpangg,ésu
d@écribed in Figure §, is,ﬁbdifiéd,hy pronase and REE,

Control mcmhranés wbké.treatgd in the same_way.as the éamp;es_
except that the hydrélyticv@nzymgé were excluded from thcireaétioﬁ
mixture, A freezme-etch picture of such a control is presented in

FPigure 6. Gurfacez A, 2 and C are marked with C occurring in a lower

thylakoids Figures 7 and 8§ are typical examples of membranes treated -

with pronase and RBE respectively. The data may be summarized as
follows: 3Both enzyme treatments lead to decrease both in number and

size of the large (150 &) particles seen on surface P in Figure 6.

Moor (12) has suggested that these particles correspond:to the quanta-

some., In pronase treated preparations (éee Fié. 7) surface 8 is still
DA : e
eyiéentg but the number of‘particléS'attached to it are less and the
‘particléa themsglves afe fédﬁced in size wﬁen ;6mpa?eé t6 tﬁg control,
Algog the A surfage is mérﬁ paftigulate théﬁ_iﬁ the cdntrol, In RBE

n ‘ r

treated preparations (see Fig. 2) the smooth layer of surface B is no

longer chserved and appaears to he completely removed, The view in

w .

Figure 8 is representative and prohably corresponds to medified € and

. & surfaces,

Some experiments were done in which chloroplasts were isolated from
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leaves and Fixed for 45 minutes in 5% plut&raldehgde. Control chloro=-
plasts appeared similar to the proname treatéd preparations’in.these
experiments. The REE Lreated chloroplaats from rxxcd ‘cavos were
greatly modified, however, ?he mewmbrane no longer broke along discrete
boundaries and appeared as layers of particleg suspended in the gly;erol
-freezing-soluticﬁ.‘ The swooth layer of sunfaée % in most REE treated
plastids %as compietel} absent. " A comparison of control and RED tr@atedl
glutaraldehyde fixed chloroplasts iz shown in Figﬁre 9 (cortrol) and
Figure 10 (RREE treated).

DIJCUQQLOV

»Galactoligids.constitute a major claﬁa_éf li@ids in photesynthetic
tissues (4). In red clover they a;count for at least 23% of the total
lipids (27) and were fou d to be high in linolenic acid. Chloroplast.
meﬁbrana¢ are 50% protcan and 500 lipids, and the coﬁtrlbutmon of the
galactolipids (in moles per quanﬁazom@) is dboat uo“'(l7). The structure
of galactolipida isolaéed from bunnbr_bean leaves was determined (23) and
shown to be: 2,3-31—G-liholenoyl-l—ﬁ~G~D-Qalactopyranﬁsyl-b—glycerol and
2;3-&i~Gflinélen0yi—l—O~(6—0-&—D—galac;bpyranosyl-D-galactopyranosyl)-Df

Sastty-énd Kates repofted (Qu}_that funner bean_leaves éra rich in
enBynes necessary or the cowpleto urcakuovn of galac\ol ids to fatty
gciésa glycarml'énd galact036¢ Linalania acid reloased by these enmymes
wag responzible for the changes in biochemical properties of spinaéh
'chxoronlasts aged at pH = 6 or treated with runner bean leaf homogenate#
(11}, | |

In confirmation of ¥eCarty and Jagendorf (1) results; in our experi-

ments the RPE preparation hydrolyzed about 25% of the galactolipids present
PreL , ¥ { ‘ ¥

o

in chlereplast fragwents in a period of & bours (Tig. 2). The initisl



concentration of free galactose in the éﬁpernétant of the control
experiment (no RDE added) was hégher than the initial concéntration of
free ralchn"e xouﬁd in the suﬂe"nat“nt of the treated chlo“o a2zt
membranesﬁ. This migh e pxpla;ned by as suming absorbanca cf free
gn:aotose by the added REL preparaticn. Low concent?ation of RBC
prepara:ion vielded a linear increase in intensity dependence of the
aquantun requirement of'the DCPIP ﬁiil reaction by chloroplasts (Pig.,lj;
The order of magnitude ef.the quantum requirement at very low l;wht
intensities remaing between 2 and $ in all three concentrations of

REE prepavation addeds This Suggésté that ona of the aark reactions
in'electron tranaport bacomes rate limi;ing after short trﬁuthQL of
‘cﬁloroplasts with the RBE preparation. The dependence of ‘the quantum
requirement in light intensity was obser&p&_aft 30 minutes' treatment
'ox the chloroolaqt with the RiD Vrevaratwnn. In thiz time interval only
a very small amount of galactalipir, were canaletnly hydrolyzed ( ige 2),
suggesting that the yhysiologicai activiﬁy,was altemed before large
' chemicallchanges taok‘placa, Iﬁ contrast to the offect of pronase,. the
absorbance spectra of chloroplast suspensions treated with REE was not

changed and oply slight changes in the ORD spectra were observed (Fig. #).

The Streptomyces griseus protea e~pronas has a very broad substrate

specificity. and is capsble of hydrelyzing various kinds of pcvt¢de bonds
in protein until the majority of amino acids ccnstructing the protein

are liberated as individual amine acids. As a result, the extent of

hyd“ol* iz of proteins by this protease was estimated to reach 70 to

1yl
&
@
5]
o
N
I
o

(13)s The increasc chlorophyll to nitrogen ratio (Table 1)

over the control value of 1.78 to 2,30 for the pronase trcated_chlaréplasts



. , 11
represents the loss of about 49‘ protein after 3 hours of incubation.

The efficiency of the DCPIP ".ul reaction s affected after only 10

minutes of l.cubatxon of the cblo“orlastd with pronase (Tig. 1), Aftev?

traatmcnt with "rcnusen thc quantum requzvennnt dependence on ll{ht
intensity increasess As with the case of chloroplasts treated with
R8E, tne quantum requirement at very low light intensitiez after 10 and

30 ninutes of pronase trsatment remaing 1n the order of 2 to 5. However
¥ *

¢

-

fter one hour's inmcubation with pronase (1.1 and 5.5 P.U.K. units) the

&)

hig change in int@rce?t incicatesvtxat the afficiency of
the chloroplasts is décreased eveﬁ at the lowest light iétcnsities, .Thus
uncoupling of light absorption ffqm electron transport or“paﬁtial lesvof
a component of the electren transport patbway must de inVle&, Aftef

lonrsr incubation pericds with pronase nolﬁeﬁectabl& BCPIP reductien was

ohserved,

-3

reatmmnt of c¢hloroplast membranes with pronase caused a slight blue
gnift of thc aqu bance rﬁuk at 678 mu. A difference spectra between the
control membraner and the pronase treated membranes shows a peak at

621 mu and a satellite peak at 645 mu. By 1ntopr1t10n of thp area under

the aboo“bance spectra and the aif ference apectra, tne amouut of bleaching

wac calculated at Sp. L Pronaﬁe apparently causes a do truction of a
leng wavwleng th aonponent of in vivo chlcvophyll'é_(a); Othﬁrwise this

componant centributes te the peak at 672 my (Fiz. 3). The d disa ppcarapc w

of a single cotton effect (centered around 662 mu} in the ORD spectra

£33

of pronase treated meﬂhranae (Fige. %) is in egreement with tho postula-

tion of a destruction of a long wﬁve 1ength chlorophyll a conponent by

pronase. Lvidence for the coexistence of two or more fO?ﬂ” of chloro-

phyll a in green plants was given by ¥rasnovsky and hiz cowverkers (8,%).



i3 apparently sssociated with the large 150 A particles and their .

12

:
A

The fact that the underlying laver of surface B is quite smooth and
that it disappears vpon treatment with the REEL preparation suggests that
the underlying layer is a galactolipid., The fact that the chlorophyll

abgorption and ORD speetra are not greatly affected by removal of this layer

would indicate that chlorephyll is not associated with it. Chlorophyll

embedding matrix which make up the A surface, This iz supported by

large spectral shifts and ORD changes brought about by pronage treatment.

[

The large'particles lying on the smooth galactolipid surfaéa appear to
contain both ligid and proteln since thay are redﬁced in size but ﬁqt
renoved by pronase treatments .ThevA ﬁurface appears to contain botﬁ lipi&
and‘protein gince it is attacked by both enzyne preparatioﬁs. The thyia-
koid as shown in Fiéurm 5 appears to be bullt of a galactolipid layer on
which large particles (130 A) in an embedding matrix are located. <Chloro-
phyll appears to be associated with the large particies and embedding
matri;,and,nct with the galactolipid layer., The large particles prb~~
tv@ding from the embadding m&trix may correspond to the quaﬁtasome seer

in shadowed preparations (18). The small particle layer on the interior

»

: _ .
of the thylakeid of Fharbitis, reported by Park (18), may correspond to
the smooth uiderlying layaer of the B surface which has undergone micelle
formation during drying..

T BUMMARY

1. Both lipase from runner heans and a protesse (pronase) initially

caugse Increagsed Iindtensity dependence of the DCPIP Hill reacticn of spinach
’ D

chloroplastss This is followed by an increase in the extrapolated zero

intensity quantum requirement.
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2. Pronase treatment of the chloroplasts causes rapid changes in’

ab sorption and CRD spectra, whereas the effect of *Lpaee treatmcnt is much

less pronsunced,

3. Long treatments of the thylakeoids with the lipase and protease

cauqn unique morpholog acal changes within the membrane. These changes

s

sre used to assign chemical compositions to some of the structures

0y

revealed by freeze~etching..

1.

2,

&,

7.
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Table I. The Effect of 3-iour Incubation of Once Washed Chloroplasts

" with REL or with Pronase on the {hlorephyll to Nitrogen Ratio

mg nitrogen  mp chlorophyll  mg chlorophyll

aliquot aliquot Mg DiTrogen
Con‘ir()l : . : .lOO . ‘ 00178 1978
45,5 MUK, Units Pronase L0755 . 210 . - 2.80
40,069 mg RIL | W15 158 1,37



figure 1

- Figure 2.

Figure 3,

- Fi@ure 154

i
.

- Pigure

Figure 6,

Finurelﬁg

17

LEGINDS ~

.

Quantum requirement for the DCPIP Hill reaction at 650 my

by spinach chloreplasts treated with RBE (left) or pronase

"(bight).

.Release of free D-galactose from spinach chloroplast membranas

treated with RIL.

Lowar: Spinach ¢hloroplast membranes absorption spectra from
‘ :

GO0 my to 720 myp (upper curve), end absorption spectra of
pronase treated membranes (lower curve),

Upper: Difference spectrum control minus pronasé treated

I

iy

Nembranes.,

ORD spectrum of buffered -aqueous suspensions of sonicated
spirach chloroplastss e=ew—=w CONTrOl} wemmee pronase treated

(1.1 PyU.Ko units FOr 69 min)j o e = RIE treated (0,023 mg

for 50 mind.

A model for the morphnelogy of spinach chloreplast membranes

4

hased on freeze-ctch studies of Pranton and Park (5),

Freeze-atohed control thylekoid x 90,000, Surfaces A, R and

C correspond to the model in FPigure 5.
Freeze-etched prondse treated thylakoids x 96,000,
Freeze-etched RBE treated thylakeids x 90,000,

Freeze-etched chloreplast from 5% glutaraldehyde fixed spinach

leaves x 80,000,



Figure 10.

LEGINDS (Cont.)

Freeze-ectched chloroplast from 5% glutaraldehyde fixed

spinach leaves after RBE treatment 90,000x.
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DCPIP HILL REACTION BY R BE TREATED SPINACH CHLOROPLASTS
1

Ag78° 0915 R.B.E.* 0.0046 mg
L300~ : RBE ‘e 10, s 30, ® 60 min.
o CONTROL:o 10, a 30, 'a_60 min. DCPIP HILL REACTION BY
q.oo' A . \ PRONASE - TREATED SPINACH CHLOROPLASTS
% ° o ° @ . B3 °
- . & : Ag7g = 0.765
@ . 75}- PRONASE = 0.22 RUK. UNITS .
Ioo 1 { ‘ ) 1 d
N — T T I E— ‘
Co Ag7g=0.897 ' 50 © " PRONASE: e 10, & 30, & 60 min,
—~ " | RBE =0023mg . _ .
- A = CONTROL:o 10, & 30, o 60 min,
= S
- 15} 2
Z S . g . >
& - L : '3
D . . . g g
@ 10t - — >
= : g . T . c
20 ) \ ‘S
e - S b
% : /BE:- 10, « 30, @ 60 min. < Ag7g = 0765
A ‘ @
CSeT CONTROL:© 10, & 30, 0 60min. | PRONASE = LI RUK. UNITS _ .
- N : o s - PRONASE :e 10, & 30, & 60 min,
= 5 % - o 5 = 25 :
E—:‘ ‘ o ‘ : L CONTROL:0 10, & 30"_.?.,3-0—':“—'2’
w0 ‘ ‘ : ’ & e
T 00F T T 1 5k .,-————!—-.. ! l;,. &
o Ag78=0.859 5 0
. e RB.E.= 0069 mg < 1 1 1
@ . N o Ag78:=0.765
= < 75 - PRONASE:5.5 PUK. UNITS *
o o
D= . ~
= z .
<
g . 2 50 ' .
L : (e4 PRONASE:e 10 , 4 30, & 60 min.
 RBE!el0, & 30min. 250 S ,
| CONTROL: 010, o 30 min. : / CONTROL: 010, » 30, o 60 mio.
o Ay ¥y P 4 P 8 o —& Dl ‘(f §
0 .25 .50 75 IOO - 125 o] .25 .50 75 100 1.25

INCIDENT INTCNSlTY (nanceinsteins—cm-2/ sec-!)
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process. disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






