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THE EFFECT Or' HYDROLY'~'IC r;r.;znu::s ON THE PHOTOSYNT}li:TIC 

Ef'FICH.:X.rCY AND !KiRPHOLCG'f OF CHLOR0?LASTS1,2 

Dt:t~>(t:r:'tmcnt or Bic·ch~~mistry, Department of Botany, and Lan•rence Radiation 

.t.uboratory, Univarsi ty of Ctllif.'or.ilia, llel:"·keley • California 

Cvidcnc<il that the entire photcsy:nth•atic process is loc<:l'tod in higher 

plant chloroplasts ( 3) Wi;J.:s soon follo1~ed by ;;;.ssignmont of partial rMctions 

of photosynthesis to chloro?last structur-es. Thee~ studies shoHed that the 

.li&ht reactions and iitSSJocia.ted electron t.ran}sport r-c:<·lctions leading from 

;.;at-er o;ddatiort to .ferredoxin reduction .are loc.-:tted in the internnl mernbranes 

or thylakoids of the chloroplast, wbereas.thc co2 fixation and other syn-

thetic cnzyr::es are associntcd '-'Tit!) thG: stroma portiont:; of the cl'tloroplasts 

(14 11 25). Thylakoids, when observed in henvy metal shadowed preparations 

l Roceiv~d 

' \J. 

U. s. Atomic Energy Co~mir.sion. 

'· 3 P!'esent addre~s: Depr~mtmcnt of Biochemist'!-y 9 University of Tel-il.viv, 

Rmnet-Av5.v, Tel-Aviv~ Israel. 



by electl"'n microscopy· t demonstrate a particulate structure ( 14 ~ 25). 
" 

0 . . 
~~·~ • t. t. 'r-o "" '2oo · • • • ... • • u t., b .l.<llS s rue ure ~ ... o ~..o . .i\ ln ol.nmcher 9 matung · p ae mem r.ane t can 

exist iJ:, highly ordered arrnys (17) ~md Wi:iS termed in this laboratory 

"quantaGoroe'1 (6,_15). Aggregates of sm.:.ll numbers of quantasomes yield 

Hill reaction rates compar~..ble to those of whole chloroplasts ( 14). The 

chemical composition of these structures has been a subject o:f' seve-::·al 

studies from thic luboratm'Y (10~>16,17). The tne:nbremes are about SO"';; 

protein and 50~ lipid. 

To furthex: ~i;:VaJ.\wtc the relationship bet·,tc<m ener·gy conversion 

Pl'Ocess2s and th;ylakoid stt'ucturc 9 brte would l.tke tc employ methods >'<'hich 

altel:" in Dpecific WE.I'fS. both the physiological and moq'>hcJ.ogical charac-

t:er-ist:ics of the membranes. Detergents have often been usod in tbl:;; 

way (19). '-.. HOivever, ,rec~nt studies hnve indicoted that hydrolytic enzymes 
'.''·f.: 

m.<~.y also serve as n u.seful tool for this kind of it1Vestig~1tion ( 7 0 11~24). 

This paper reports :tht~ effectd o.f 'tt."O hydrolitic enzyrileS on the 

structure end.· functi~)n of isol:.lt:ed :thyl.nkcido. The enzymes used H~ZJre · 

a crude pt'+St><:l:r.ation from runner bt.H'm leaves ( containin~ galactolipase;:; 

and g.O<lactosid~tses) and the proteol:ttlc enzyme pr·onase. Physiological 

acdvity w.,.s nr;sayed hy rneast:r.ins Hill re;;:.ction e.f:ficimncies ( 21,22) 

extr.<3.polated to zero light in.tensitic::>. This measure. of act.ivity pro-

d~~cos ctmnid~ru.bly mo:r•e information a:'Z to the hydrolytic en;:ym(l effect 

than does measurement of satur<:.tion rata. St:ru<~tural changes wel'e f.ol-

the m~mbr,::mes t.Jere followed by us<:~ of the fr•eeze-<~tch technique (12). A 

detailed e1·:aminntion of untreated thylu.kolds using this technique he.s 

b.e~n carri~d out by· Bt•tmton and Fm:k ( 5). 

2 
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w~ T!:RIALS AND HETljODS 

Freparatlc-n of Chloronlast~;. Intact chloropla~ts and chloroplast 

fragments ..sere prepared from spinMb leaves, obtained from local store~. 

In gtmerale 125 11· of leavGts were homOIJ~onlzt:!d for 30 seconds in 250 ml 

grinding. medium (0.35. M NaCl 0 0.02 ~~ Tris-:-!Cl, pH ::: 7.4, <md. 0.01 M 

EDTA) in a t;ar.ing Hlendore The ho;';';og<Jnatc '-.ras strained through S layers 

of cheesecloth and ccntr.i:fuged according to Park ard Pon (14) to isolate 

once -.rashed chloroplasts or chloroplast :frag1:1ents. For the spectrophoto

metric measurernnnts, concentrat~;d buffered .aqueouz suspensions of chloro

plHst fragment~• were d.iluted ~dth deion.tzed w~1ter in orde::."' to achieve a 

finlll aboorl;.anca bet~:cen 0.3 and 1.0 ~:'"l.t 678 m~. Chlorophyll .was deter

mined by the rnethod of Arnon (2). 

Enzyms. Preparation froM ?.unner :Se<:m. Leave$. The. runner bean lear 

enzyme prep;:arat ion \-las prepared .:tccorcl ing to the ;~mrncm ium sulfate pre

dpiti'ltion procedure of S<:l.str.y ~:~nd XatM. ( 21.1). fr,~rsh pt'imary leave,~) 

(50 g,) fro:n 3 ... to 4-we<:~k old runner b~an plants Wt~re homogenized with 

100 ml of deionized \.;ater for 2 m5.nutes 1n a ¥Jaring Plendot~. The 

homogenate ~NlS filtered ~hrounh 4 lay~rs of chces(~cloth and centrifuged 

at 15_,000 x 0 for 20 minutes at 0°. Seventy ml of the supernatant were 

centrifuged further at loo,oo~ ~ g for GO minutes at 0°. The resulting 

supernatant (70 ml) was dialyzed ovot~nigbt agninst 10 liters o.os l'! phosphate 

hu.f.fer (pH ::~ 7. 0). Solid ammonium sulf'<ltO wa ~ eddecl to the d.inl.ytu~tl'l. 

The fraction precipitating up to 70% saturation '-lith ammonium sulf~te 

was centrifuged at 15,000 x g for 20 minutes a:.td dissolved in o.os !.'-:1 

phosphate buffer (pH := 7 .o), dialyzed overnight against lO liters of the 

sam(~ buffer and diluted with buffer to ?.0 rn.l• prott':i.n concentratio>l, 

9. 2'-t mg/ml. This prep~rat.ion (RBI:) Has kept at -15°. 



4 

, .. . tnzyrnatJ.c Degrada:tion of Chlcroplasts and Chloroplast Fravnents. Con-

centrated buffar·crl solut.ton of chlorop.lusts (lnd chloroplar;t membranes were 
·:t 

n grade; L}5 11 ooo P.U.K. units/g; s grade; C.i:I.biocheit:. P.tJ .. K.: · Unit of 

proteoli:tic activity of pronase meac:.ured ,by··tha Kaken Chet:'J.ical Company.) 

The rcact.tons wt~r~ run at 30° unde:' nitrogen and tcrminatec.'l by ,.,ashing 

the chloroplasts 3 times in tho sa•ne media in which they were initially 

suspended. Samples ~\"Ql"e diluted for the spectrophotomett'ic assays. 

~clo;::~se of free galactor-..o by F.BE .from the galactolipid fr<'!ction of 

ch..1.oroplast mE;>.rnbranes was .:u:~sayed with Hulactose o:dcl;:1se (Galactostat, 

i~orthington :Biochemical Corp. \II rreGhOld, New Jersey). ?rotein nitrogen 

was determined by the Kjeldnhl method mtcept that Se0C12 t.;as used as a 

catalyst instead of HgS0
4

• 

Hill Renct ion. Th~ DCP·rp ( 2 nti-dic.hlorophenclindophenol) Hill reaction 

activity ';1{16 assayed by the spectrophotometric method descl"ibed by Sauer 

and :Biggins (21 ). Experiments \vare carried out using the C•lry !1odei l'-1: 

spectrophotometei" ~ modified so that· the absorbance of the Hill oxidant 

could be monitored ccntit1uously at 580 mil (E 580 = 19 1 800 l-lm1e-1 at 

' pH ::: 7 •. 4) (l) while the sampll:! lfJ.::ts being irradiated f~or.1 the side Hith 

longer wavelength li:?;;ht ( 650 m~ ). 

: The cuv~~ttes ·used had 14 clear sides ,:;~.nd a rectangular int~rnal cross-

$action a mm >t 10 mm. The monoch~omatic measuring beam passed thr-ough 

the 10 mm path length, and the aci;in.i.c .lif;ht incident at right, angles on 

tho sampl¢ cuvette traversed <1 3 n~m light path in the r~0.ction mixture. 

Light intensity w.J.s. measured ·vrith n caHbratcd silicon solar cell (i:of.fm.an, 

Type 120 cg) placed at the site of tho cuvette; corrt':~ctl.ons for reflection 

··''' '.·. 
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A stock solution of DC?!? (K S. K La})oratorics, Jamaica, N, Y,) vas 

ahmys prepare('!. frcsh.l:-t on the day of the experiment. 7he stock DCPIP 

a.nd DC.P!P concentration t,;as ·confirm~d by absorbance rne.asuromcnts after 

the undissolved dye had been remov~<:~d by c€!ntrifugat.i.on. The reaction 

mh:tur<l! contained. in ~mola:~n/ml: Tris-HCl, pH= 7.1+ 9 20; NnCl, 350; 

i;DTA~ 10; m~thyldmine hydrochloride, 10;, DCPIP, o.o3 to o.os. Once 

l';at;;hed chloroplasts were added in the di'ir(. at the start of each measu,-:-ement 

to give an absorb,:mce of 0~3 to 1.0 f,"l.t G7f3 fill (10 mm. path). r.:ach expari-

mcnt was performed using 2 ml of reaction '!nixti.tre wbich HilS divided bet'l-;cen 

:the sample cuvette and the reference cuvette in the spectrophotometer. 

Optical Rot«tor-,r Dir;pcr;;-.ion (ORD) of. Chlor·o):)ltist fra~ments. Chloro-

plast frasments '\'1C"re p!'cp.::rrcd from sonicated !1p1oach chlo.l'Oplasts according 

to the method of Park .:md Pcm (l't ). Th_e supernatant of a fraction sedi-

mcntintt. at 100,000 x g (20 min) in a Spir'!CO Nodel r, ultracentrifuge Has 

reccntrifuged, and the final precipittlte at 150 0 000 x g (GO min) '.t"<ls resus-

p~ndcd 1n 0,02 M Tris-f!Cl buffer, pH = 7,4. ORD measurements were made at 

room tempE!rature using a Cary Hodel GO spcctropol<'!rimeter Hith a cell o! 

la 0 em path length. AbsoJ:>ption and difference spectra of chloroplast 

fragments were measured by uging a Cary Hodel 14 spectrophotometer. 

The Bcndix-Balzers freeze-etch device and 

methods descr,ibcd by f•loor (12) wel"e used io these E'lxper:l:.ments. Once 

y-;ashed chloroplasts 'Here suspended in 10% or 20(t ~J;lycerol in the grinding 

'-' media and then centrifuged at 2000 g.. for 10 minuter>. f.-.a~nples from the 

precipit,1te ,.,c~ frozen and etched for 2 minutes after 'tthich carJ-.x:>n 

pl<ltinum repJ . .ico. was depozit.ccl. Hicrog,rv.phs ":ere taken with a Siemens 

Elmiskop !., 
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' 
P..!f,tiLTS 

Effect of Enzy-mes on Hembrane p_ffidency. The effect of pronase and 

the RBB prepar-ation on tho biolouica.l activhy of spinach chloroplasts 

\.:as estir:1atd by measuring the qu{mtum t":equirement ( citHJteim1/equivalent) 

for the DCPIP Hill reaction of tt"f~<.~ted chloroplasts. ~~s shown in figure lt 

the quantum requirement of the control expcf.riment varied between 2 and s. 

The p1."csence of 10 .. 3 H methylaraine in the reac:tion mixtu!'e r.re~~:tly reduces 

the dependence of the quantum requirement on light btensity (22). How-. 

ever 11 • pt'etreatment of the chloroplasts with either pronas·e or the RJ3t. 

preparation yields a 15.near increa$a in intem>ity dependence of tl'!e quantum 

r0quirement. This increol:le in qua<'ltum requirement is dependent on ·the 

enzymo C('lnccntration and period of inct.lbation, 

Effect o.f the Hydrolytic Enzv:ne.s on Chmnio;'ll Compnd.tiono The rtmnor 

bean lenv~s enzyme preparat.tori contdnm specific enzynos Hhich catalyze 

the hydroly~ie of. rnonogolactosyl<lilinolen~n end dir;alactc:syldilinolanin 

to the co.1~r-esponding fre.c linclen.:i .. c acid, free galactose end glycerol (24). 

The rate of r~~ease of free gulactose l.s "t;her<:lfore a measure of the rate 

of complete hydrolysis of g<JJ.actolip5.dr,; by the HBE proparati<'m. 

When chloroplast fragments ''ere incubated with the R:t.n: preparation 

(Fig. 2) the rate of ~elease of ~alacto~e was st~ut the same at pH 7.0 

(optimum pH for the activity of the monognlactosyldil.inolenin enz)'l:'le) 

aml at pE 5.6 (optimum p~l for the activity of the dig;rllactosyldU:tnolenin~. 

enzyme), t,fter 11. hours of incubation .;~.t 30° ~ 509.1 of the galactone of the · 

' 'I' .. • ' <::hloro;;>lnst s galactcl;;..p:LJ f.r.:action was released into solut.ion as free 
'· 

galactoS(h Only half of this .~mount was actually released by th~e~ added 

enzy;nes present in the chlor-cpla::;t preparation (nee control curve~ Fig. 2). 

'l'be control .l~vel of gal.nctose .is :tnitially hic;hel" than the RBE treated 
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material. This observation is discussed latere 

The d<!ta in T.able ! snow that. in the T\BE trC'lated chloroplaGt 

preparation the rat:to of chlo:ropiwll to nitrogen decreased· (1.37) with 

r~rnpect to tha control prcpm:-aticm (:l., 78). In the pronase~ tre<;~ted 

chloroplast pi'cparat1on the chlorophyll to nitrogen ratio incrc.::lr::ed (2.80) 

over the control value. 7his incr-ease J:-epresents the amount of protein 

dirrestcd <nmy by pronnoc from the chloroplasts.· 

The Effect of th~Z Fydrolytlc 1:nzv~E:s on Spoctr.J1 Properties •. The 

effect of pr-ona$e on the chlorophyl,l red absorption mmd~un is 3hown .in 

Figure 3o The 678o5 + o.s mppe·lk <>fan ·::>queous_:chloroplast fragments. 

. . 
m1::::pension und~:rgoer,; a blue t'>hift c-:lft~r 30 minutes'' incu.ba.tiori of the 

'l'h0 'm&nn:itude of the .. shift t>as not 
/ 

further incrc;:z:sedhy .l.onger incub,;tion times or by his;_:;her enzyme concen-

trations. The blue :>hift of the red absorp-tion mm<imum ,.,-as not observed 

in chloroplast fragments treated with ti;e Rm:; pr~l'"~rntion~ 

.The comple;< OR;D spectr1;.m of ::;usponsion of chloroplast fragments found 

in. our ~:xperiments (rig. tt) is similar to the one observed by Sauer (20). 

Cotton €:f'focts are p:::'esent throughout the vi~ible and ultra-v.iolet _region~ 

t.:hich al--e regions of strong absorpt.ion .of chlorophyll ~ .:wd ]?_and carotenoi<!s. 

The pl'Onotmced trouz;h at 700 lilh! in the ORD spectl'a of the non-treated 

chloroplar.:;t fragmcnt~;U is completely missing from the ORD ::;pectra ·of the 

pr-onase treate<~ chloroplast fra,Gn<ents;, the r-sst of the ORD ~pectra is 

shtilo.r to the control spectra. 1hc ORD sp0.ctra. of the rmr: treated 

chloroplast frag~:~;.:utn ir:> :'!~1\:Cntinll:;.r the same as the control spectra. 

Ncmbraner,;. :Branton :.-ind P;:!rk ( 5) have described the fr~eze-etch :-norphology 

of untreated in v.ivo and isolated r;pir.."lch chlo;t>oplasts$ A model of a 
-.-M.~· 

·! 



single thylakoid derived from these studies is presented S.n Figur>e s. 

(150 A.) prtrtlclese This surface is designated as n. Surface A is a 

view seen only t-:itb :i.n grana stacks. It represents the outer. pert ion 

of the thylakoid and concists of the large particles .in an er.1bedd.i.ng 

matrixo Surface C is the matching surfaco for 1:.mrfnce B. In then'c 

o~por.imcnts we have attempted to f:bd how trie thylakoid membraneli> ns 

cleccribed in Fir;:ur·~ 5" is modi!'ied by pronase and RBI.:. 

eKcept th<Z~t the hydrolytic enzy'm1~s were · eKcludoo from the react ion 

mixture. A freeze-etch picture of such a control is pre~qntcd in 

Surfaces A; 13 ann C are m.c:rked Hit:h C occurring in a lower 

thylt.'lkoic. Figura~ 1 and S t'lre typ.tcal ex.1mples of membranes trented · 

t-ilth pr"Onase and RBJ:: respectively. The· data m.,.y bo summ.Jrized as 

follows: Both enzyme treatments lead to decrctlGe both in number end 

aiza of t.he large (l$0 A) particles seen on Sllr.face B in .Figure Go 

Hoor (12) ~as suggested that the$c p<~rt 5.clos correspon<~; .to the quanta-

so::nc. In pronase tre<1ted p'r'cparutions (see .Fig. 7) $Urface B is still 

avident; but the number of particles attached to it ar~ less ancl the 

parti.cle$ themselves at'e r<~duccd .in ~izo Nhen compnre.d to tho control., 

il.l::.>o ~ the A nur:face .is more p«rt.:i.cul•ate than . .i.n the control. In RBt 

tr'eated preparations (see r:trr,. 8) the smooth layer o.f sttrface B is no 

longer .observed and r.1ppe1'1rs to. ::e completely r'cmoved. Th0 viet" in 

Figur0 B is :r~prct>entative and probably corz:osponda to modified C and 

. A su:r-f~<lo s • 
', 

Some exp~riroonts were done in Hbich chloroplasts to•ere isolated fror<t 



leaves and fix~d for 45 minu-tes in 5y, glutaraldehyde. Control chloro-

pla:sts appeur.ed slmilar to the pronase treated prep<arations in these 

experiments. The RB:C treated chloroplasts from fixed leaves. 'i'lere 

~rc~atly modified, however.. The r;:;ernbl•ano no longer broke along discrete 

boundari<~s nnd appe<:ll"'e.d as layers of particler.; suspended in the glycerol 

freezing solutiono · !he smooth layer of surf,;~ce )1 in most Rm; treated 

plaotids was completely <.ibsc.nt., A comparison of control and RB:C treated 

glutD.t.'<lldehyde fixed chloroplasts b sho•,m in .Fi.r;ure 9 (control) and 

F:tgux~ 10 ( .RN: t:N).<Jtted). 

DJ.'SCUSSION 

Galt1ctol.ipids constitute a rna;jor class of: lipids in. photosynthetic 

tiszucs (4). In red clover they account for at least ?.3~ of the total 

lipids (27) .and ~1'ere found to l>e high in linolenic .acid., Chloropl<';tst. 

membranes nre 50~i protein an.d 50~ lipid::;, and the contribution of the 

galactoH.pids (in moles per qu.ant•1some) ,ts nbout 40% (17 ). The Gtructure 

of gal.actolipidz isolated from r1xnr.11:9:r be.:l."l. l~Javc:s. was determined ( 23) and 

sho>-m to be: 2 !13-di-0-l.inolcnoyl-l-0-!3-D-galacto?yranosyl-D-glycerol and 

2 ,3-d i-0-lino lenoyl-l-0- ( €·-D-o.-D-galactopyranosyl-0-galactopyranosyl.) -D-

glycerol. 

Sastry and l<ates repoPt¢-d ( 2t~) that runner been leaves are rich in 

cn:eym<~S necessary for the complete .brcakdotm of galactolipids to fatty 

'fi<:lS resvondbll!3 for the r.::h.::tnges in biochemical propc:r·tics of spin~1ch 

chloropla.sts aged at = 6 or treated. with runner bean leaf homo;::enates 

(11 )6 

!n confirmation of McCarty and Jngendor:t ( 1l) reslil ts • in our experi-

mentm the Rm: preparation hydrolyzed at:out 2.5~!- of th<:~ gal;,actolipids prcs~mt 

ln chloropl1:1st fragments in a period of 4 hotlNl (Fig. 2). The initial 
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concentration·of free g~actose in the supernatant of the control 

e>~perirnent (no RBE added) "'as h.i,r:;;her than the in.itinl concentl?ation or 

free g,<!lactose: found .in the supernatant of the treated chloroplast 

membranes. Thls might be €>tplained hy ansurn.i.ng absorbance' of fre-e 

galactose by the added REI: pr.eparuticno Lo~ concentration of Rm: 

preparation yielded a linear increase i.n i.ntensity depend€.mce of the 

qu.:lntum requirement of the DCPIP I\iil re~.1ction by chloroplasts (fig •. 1). 

The order of magnitude of the quantum requirement at very lo\-t light 

intensities remains betwe<!!n 2 and 5 in all three co;·1centrations of· 

in electron tr;;lmlport becomes rate limiting after> short treatment of 

chloroplasts with the RBE ,preparation. The <lepend~n.C'i! of 'the quantum 

requir~ment in 11$ht inten1';ity t-tas observed after 30 minutes' trcatmc1nt 

of the chloroplast vdth the REf. prcparatl.c.m. !n this t.i.me interval only 

a vary small amount of galactolip1ds ware completely hydrolyzed (rig. 2), 

chemical changes took placeo !n contrast to the effect of. pronase~ the 

ab::;orbance spectra of cbloropl<lGt ::;uspcn::;ions tre.::lt~~d Hith RBE t.;r,;:.:s not 

changed end only r.U.ght chan5r,es in the OBD spectra wet~ observed (Fig. 4). 

The St:!'l1'::ptomyccs griseus protease-pronase has a very broad substrate 
., 

s.pc:~cificity. and is capabl~ of hydrolyzing vwious kind.s of peptide bond$ 

in protein until the majority of amino acids conctructing the protein. 

are l.:lbcrated a;.; individuul amino ncids. As a result; the extent of 

f·· hydrolysis of prote5.nr. by this p:rotaase wa13 c$'t.irn~ted to reach 70 to 

90~1 (13) e The increm.ee of. tbe chlorophyll to nitz"ogcn r•at io (T(-tble ! ) 

over tha control value of 1. 78 to ? •. so for the prona.se treated chloroplasts 
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repr><:!Gents the lor;::.s of <'lhout t~O' protein ~.ftar 3 hours of incubation. 

The efficiency or thq DCPIP Hill reaction ia aff¢cted after only 10 

minutes .of incul:a.tion of the chloroplasts with pronase (Fig.l). After 

treatment with prcnase 11 the quantum requirement dependence on light 

intensity increnl'!C'So As with the case of cbloroplasts treated with 

RHr., the quantuM requirement at very lo'~<t l i.ght intend t 5.es after 10 and 

30 nim1tcs of pr-on~lse traat;ncnt remain:; in the order of 2 to 5. Hot>1ever, 

after one hour's incu.hation t>t5.th pronase (1.1 and 5.5 P.U.K. units) the 

extrapolated qu;lntum requirement at zero light intensity i:J 10 and 30 
:f 

respectively. This cha.11gc in intercept indicates that the efficiency of 

the chloroplasts ls decreased even at the lowest light intcnsitieso Thus 

uncoupling of light .nbsorption :from t~lectron transport or 'part5.,'ll loss of 

a component of the electvon transport pathl'ray must be invoked. 1\fter 

longer incubf.lt ion period~ .with pronase no detectable DCP!P reduction w.~s 

observed. 

Trcatm~nt of chloroplast membranes with pronase cnuscd a slight blue 

cont:r-"1 mernbraner:: and the prona3e tre.;tted membranes shows a poe.k at 

681 mu and a S<'lt(lllita peak at 645 n:\J. .Sy inter,;ration of the area under 

the absorbance spectr-a and the difference spectra;. the amount of bleaching 

traG calculated at 5~ •.. ·· Pron;;'l.::;c apparently cause~ a destruction of a 

long HaV~length compon~nt of :i.n vivo chlorophyll a (B),. Otharvd.se this -- -
conponcnt contributes to the poak at G78 mlJ (Fiz. 3). The d..isappen.ra~~c0..;. 

of a single cotton effect (centered nround Gfl2 iil!J) in the~ ORD spGctra 

tion o.f a destructS.on of a long ~~.:we length chlorophyll !!:.. component by 

pronase~. Evidence for· the coe;.dstence o.f t'!tto or more f£lrms of' chloro• 
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The .raot that the underlyini layer of suvf,lc~ E is quite smooth and 

that it clisappca:~J& upon tre,').tmcnt with the REE preparation suggests that 

the unclerlying layer is a :galactolipid, Tho fact that the chlorophyll 

alJGOl'])tion and ORO spectra a.re not greatly affected .by removl!ll of this layer 

Hov.ld indicate. th<4t chlorophyll is net ussociated with it. Chlorophyll 

. is app4trently D.ssociated l,;ith the large 150 A pa:r.t:tcles and their , 

embedding tn&t:cix 'Hhich m<ake up the A sur-fa.c.e. This is supported by 

lar.go spectral shifts and OJ.\D chi;tnr,ea brought about by pronase tr~atment. 

The largo P•::irticles lying on the smooth gal<lctolipid surfac('!) appMr to 

contain both lipid and protein . 
S!ncc;, thE!Y arc reduced in size but not 

reJnoved by pronase treatment~ The A sut•foce appears to contain both lipid 

nnd protein since it is att<'ilCl~cd by both enzyme preparations. The thyle-

which large particlea (150 A) in an emhecklinf~ matrix ar') locf.ltcd. Chloro• 

phyll appears to be associq.ted ;ot.ith the lar-ge pr-trticles and embedding 

matri~-:. and not with ·the-: galactolipid layero The lart;e particles pro-

tt•uding: from th~~ embedding mat.rix mny co~resp()nd to the quantasome s~en 

in shado\!:ed pr~~parations (!S)a The sn:-~ll p,:::rticlc layer on the interior 
< 

of the thylakoid of ?hat•biti~ 9 reported by Park (18), may correspond to 

the smooth underlying li;~y<:kt' of the B surface V':hieh has undergone n:d.celle · 

l. Both lip,1sc from runner beans a.nd a protc<:'3sc (pronase) initially 

causa increased intensity dependence of the DCP!P Hill renction of spinach 

chloroplastSo ihi.r:; is follovred by an increase in the extr.npolato::::d zero 

intensity quantum raquh~rement. 
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2. P1"'0n<Ise tr.eatment -o:f · the chloroplasts cause$ rapid ch.,n~;es in ' 

ab.~:;orption and ORD spectrat t-1hcr~as the effect of llp,:~se tl"'catment ·is much 

less pronounced. 

3. L0'£\11; treatments of the thylakoids ~dth the lipase ancl protease 

at-e used to assign chemical cor;1positions to some of the structures 

rcveal~d by freeze-etching. 
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Table !o The t!.ff:ect of 3-Hour Incubation of Once \~ashcd Chloropla~ts 

·.with !Utr. or Hith Pronase on the Chlorophyll to Nitt"og0n Ratio 

Control 

+5.5 r'.U.K .. Units Pronase 

+0 .. 069 mg l"DE 

me: ::Jitrop:Em 
aliquot 

.100 

o075 

.115 

~r~ chlorophvll 
aliquot 

0.178 

.no 

.;l!iS 

mg chl~rophyll. 
mg nl.trogen 

1678 

2.80 

lo37 
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!,EGENDS ; 

fig;t1re. 1 Qu.~ntum requirement for the DCPIP Hill reaction at 650 mJJ 

by spinach chloroplasts troo.t:ad with RBE (left) or pronase 

(right). 

Figuf."e 2 •. Relea~e of free D-galactose from spinach cbloroplnst m(embranes 

Figut>e 3. r.ovcr: Spinnch chloroplact mombranos abr;orption t~pectra :from 

1$00 rnu to 720 t'!l$.1 (upper curve) 11 tllld .absorption spoctr~ of 

'i 

Difference spectrum control ml.nus pronase :treate\1 

Figure ~ ... ~ ORD spectrum of bi.tffered aqueou:.:; suspensions of sonicated 

$plnach chloropl-::u::ts: ----·· control; 

(1.1 P.UoK. units for GO r::in); .- ..-..- RBE treated (o. 023 mg 

for 60 rain). 

PS.gure S. A model for the t:1orphology of :;p.inach chloroplast me!:'lbranGs 

based on freeze-etch. e,;tudies of. ~ranton and Park (5). 

C aorre~pond to the model in F'ig\lrc S., 

Flgure o. Freeze-etched RBr.:: t:r.•cated thylako:i.dm x 9n,ooo. 



LEGENDS (Cont.) 

Freeze-etched chloroplast .from 5%.zlutaraldehyde.fixed 

spin.'lch leaves .after Rl:l.E treatment 90,000'<.<. 
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thylakalds, as shown broken In PLASTID ··: ... r·: r'.. 
n ..---'e'--__, 

FACE A-seen only within 11rana sto~s""}_. • 

::~: ~/'~ oo: ~==--1 ONE M:MBRANE I 
,.,, '"' ...... ~ --~ . - -

ONE THYLAKOID -~1--~---' 

-~. 

.. Fig. 5 

.···~ 
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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 

B. 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" in-cludes 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. 






