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w; v-;sll an in the intact lt;;ct'<> Thi.~;; · find:tn~~ coupled wit.h tb:g abili.ty of 

different fran tru:.\t in the isolated chloroplast:.; or in the intact plant 

call. 

,Q 
using' a fluorescent scattcqrin:9; ;J.crccn ... rJ j) \':~:.tell 1s pnrticu.l.:.u ... ly useful 
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tl"li-lt the cell is not a bo.11oz;eneous b'od.y with a sini;;le refractive. index 

throughout, but contains one or more pigmented chloropla.sts whose 

.,;r·efractive index varies significantly vrith wavelength.. Theoretical studies 

of' these complications20-22 have shown that the variation of refractive 

index vJith vm.velength 1n the. vicinity of the pigment absorption bands 

is such that lit~ht scattering ~s greater on the long 'ioia.Veler16th side and 

less on the short wavelength side of such a ·o::,al, even t-Jhen the refractive 

index of the mectiun is adjusted to match that of the intracellular 

material exclusive of the chloroplast. 'I'he most extensive corrections 
' .. 

which have· yet been applied to such scattering-distorted spectra. (by 

Latimer and Eubank.'322) give curves for spinach chlorq;:>lasts vvhich are 

remarkably similar to that shovm in Fig. 3A, obtained by the much less 

laborious ST technique. In so.11e instances spectrophotaneters using 

Ulbricht spheres17, 23 or wide angle microscope attachnents21 r.ave,been 

used to,obtain absorption spectra of scatterin'!; photosynthetic materlals. 

Despite the manifold problems associatai with these techniques., they 

r~ve yielded scrne of the most reliable absorption spectra to date. 1~~ 

additioP.al spectrophotornetric ancmally results in the flattening of 
' 

absorption bands owing to the enhanced lnutual shadiP....g of the pigment 

molecules in. the suspen~ion24. funesz, Duysens and Brandt found that for 

Chlorella the flattening amcunted to only 1% if all the scattere-J 

lC' light within 70° of ~he fonrard direction is seen. by the detector ';). 

'\tilth the ST accessory used in this· study· the correspon:Ung angle wa.s 

60°; therefore~ the e?Ctent of. flattening of·the ST spectra of Chlorella 

or of similar pifg!lent~?J strtlctures should be little different from that 

observed by Arnesz, Duysens and Brandt. 

·The advantageous· features of the ST method can be sum'TI.'l!'ized as 

follo-.rm: (l) spectral ~ccuracy and scatteril1[£ corrections comparable with 



\•J'i::.Vei<:}rx:;th resolution of the spectrophotometer~ comparable to tbat 

. C.hoice Of appr~~iata interchan~~eable photo:nultiplicz- tubes (ultl"a.ViOl.;:t 

D'~ont · 7 664, v.isitJle Dt.tmont 6292 ;11 r<:.'<i :He A 6217, near infrru ... ed. Dunr.mt 

6911)., 

. . 
photosynthetiC F..? .. terial;~ pe!'l;Aits a tOut Of the r~pOtheSi:S that tl:l'€: 

correlation ob3er-ve0. previously L., this la.bor.:1tc.ry between the onset or 
·a blue· shift of the absorption maxirr::..tm at (/[8 m1.1 \;rith losz oi~ Hlll activity 

upon aglfl5 of qwlnt&.»>O;ne preparations in the <lark. at (.JOGa 

ure!l or SDS addoo to a.qucous quantasom.e su::>pcmsions inhibits the., hill 

. . 

fluor{!Scence efficiency. (2) rJ.'he non-1on .. 1.c detrJr)mnt ~triton X-100 added 

., 

to i.r1.du.ce substan.tia.l atsorpti0..1'1 sh.tf"ts or efft~ctive: inhibitionof the 

Hill ~ctio;~ .. 



· ... 
The observations or the eftc-ct of too· first t;roup of' raa,sents on 

.I . . 
isol.."ited chloroplast la'nellar f:r<J.<-;,11~-C:nts ( quantaso:nes) , are in general 

aa,reement ~.zith previously publisht.~ studies of the effects of tlle£e and 

similar reagents on Hill activity and fluorescence y1e11 of chloroplasts; 

hm<lever 9 sa::-.e. important difi'ercnces in observations and interpretation 

exist. Detailed stu~Uos of the conccntmtio1_1 clcpen1ence ·or solute

Wuced absorpticn shifts have not previously been publiohed. 

'1\lrner:-.·u=m, l?or!sova and Rtlb.in stvdicd the effects or ethyl alcohol, 

. '• . 

c.hloroplaets25. The effect. or etbanol . on the Hill reaction in ahloro-

fn:t[¥;JC.r.t.t3 .. Their ob::;ervat;lons sho;.1ed~ in add1t1onlt an increase :Li'l 

fluc.rescence above 20~: ~i:Jmnol reachir'.J. roughly ten times ti'1e initial 

yield at 60% etr.:.a.nol. 't"'rom tt'J.s- and other ob~ervations ·they reached . 

the general cormlusion tt< .. at an increase in the yieldS: (and lifei-;:L'11es) 

activity induced by added solutes .. In our study, us1n,_:; methanol and 

Tl;:;; .fe~....cyanide Hill reaction "Was completely 1...,_':lib1too at 30% r:letl';;:inol, 

incr-ease a."id HiJ.l activity decr·ea~~.e in this case$. 

The obrserva.tions of '!\1~erman~ et al. on the effects o.f a.ct:~tone ·~>re:re 
. -.--- .. 

not prcaented. in rleta.ilo Theil"' $tatcr.1.ent that complete ir'Jlibition of the 

Hill reaction and attatil:'ient or ir¥9.1.imal values of fluorescence 

efficiency took place at concentrations of 3Q-SO% acetone is 1n rot!fjl 

. 1 ... 
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rx·~;;m.ents. Nevertheless, the diff~rent concentration rang;ea ovar which 

these t1.10 effects take place is one of the ntriking f'<-;atures 6ho111n 

in FiL~· 6. ·With added urea they fou.ndno effect on tM yield an'.l 

duration of fluorescence at cor..centrn.ticns \'il)era the Hill reaction \'JD.S 

ccmpletel.Y 1fl..l"-.ibited .. Althvug.h our results a:t1 e in qualitative altl"ee.itent 

with this stateintmt., a clo:.>el. .. cor:1par1son is not possible ov1ing to the 

absence •of c<'mccntl->ation data in th.::ir paper. The relat.1vely stror1.o~ 

. 1nrJ.bit1on of the Hill reaction by urea rr.ay be ·explain~d as a :3pecific 

effect on the m.echa.nisn1 of ~.yg:en evolution, related to the .-.,.ell-kno-wn 

stro.~ inhlbitio~. or 5uostituted ureas such as 3-(3,ll-d1cbloropner.yl)

l;l-<iirr'ethylurea (DCHU) • 

The fact. that. the l~luorescence yieldG re~~a.in strikingly lO'i"l even 

yet extracted into the aolve~t pl~se. It would appear· that the abaorption 

shifts, ~>~hich ber;;in at qtlll lo•ver concentrations or these re~;ents, 
.1 

are the result or alterations \.Jhich precede the tr-i.le extraction of· the 
; 

pign!ehts. At the salYl.~ tiJ.at?, concentrations t>zhich bc<;in to induce 

absorption shifts arc ~3ufficient to have reduc~>d Hill activity to a loN· 

interactions or tl">.ey rray result from a. non-specific nlt.eration of the 

dielectric p;;;oparties of the n~.lium in· \'Jhich the picment molecules 

~ located in the' quantaso:nas ... 11'he positions or the ahloropbyll 

absorption. bands !Q. vitro arc k'110ml to be s.ensitlve t<.l the <lipole 

mozueilt an-J pola.rizabillty of. tt.e ~olvent26,. 
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h(.Y..;e-.;~.<;r • · 

the range of effectiveness is at much lor;er ccmcentratione (0.002 to . ' . . 
lZ) 1n the case of this aniQnic ·detereQht. Stntth and Pickcls27 !'ourrl ; . · · 

that a solubillZt-"<:1 lipoprotein to which chlorophyll and carotenoids 

are bound ia·, produced by treat.·nent of sr>inach: chloroplasts with . 

o. 25% SDS. The resulting abrsorption nllift from 6'!7 to 6"{0 r.yt- wns acaanpan~~:'3d 

by the conver~ion of: chlorophyll il to p~Jeophy_tin ~· Ke and Clendcn.'11ng ) 

· confir.ned this observation a.'1d showed· tliat o. 04% SuS i.11hibits the Bill .i 

reaction of chloroplasts usin~1 quinone as Oidda.nt23.. rrneir data Oil the 

effect of SDS concentration on the quinone Hill activity of chloroplasts' 

s.hovr that about 8 tlmes as much ·;;ns required as is the case fo.r our 

stw'..iy on the ferrioyanide Hill activity of isolat~ la1tellar fmEi11enta .. 

f:!UCh Of. this extra deter>5ertt may have been intaractine with the lP&r;;brancs 
. . 

a.'1d soluble colorless proteins of the chloroplasts< -:-- canponen~s which are 

· abs~nt in o>.J.r la.-rnellar fra,;~a'ient · suspensions. 

The addition of Triton X-100 ·to a~eou.s quant(wo:nea ~ause~ qu.ite · 

enlk-mcement occur's at substantially lo;-;er concentraticms or. the n.m11-ior>.ic 

. dete-rgent ttmn ai"e required to ir-J".iblt the fc~icyanids H1ll reaction 

or :oroduc~ ¥1-bsorption shifts. It r.:ay be th."lt ·Triton .x.:...100 is interacting .. 
mare stron1::1Y vi'ith a part ~r the chlorophyll~ serving as a nor~ ... :Uly 

non-nuorescent accessory pi(§T!ent t.P.an it i's With those molecules which 

are at the active site a:.ssoclated vdth oxygen evolut!ono 

The molar ratio of deter~ent (SDS or Triton X:-100) to chlorophyll 

present in quantaso:rtcs can be calculated i'cr th~1e concentrations i<::ivinr, 

rise to pronounced inhibition of the Hill raaction. ior 50% _.inhlbition of 

Ilill activity about 0.3 moleculea of SD9 or ·1.6 molecules of Triton X-100 



,· 

are required per chlorophyll ··~, molecale present in· the quantasomes .. 

. Ttte ~l magnitude or these numbers becCY.nes even more str1kini£ considering 
. .. ,. . 

. that chlorophyll ?'. constitutes 'only10~ 7% or the total·\~e1r..ht ot th& 

quantaaane aew~~t~s4. In th~ case .·o/Triton X-too, the evidence 
' , . ' . ~ . 

ot 1'\:.'\l.uction of light scatu;ri.ng sur:...u;ests ·that quantasome ap_rzregates 
. . \ . . . . . . . . 

are effectively solubil.1zed at a detersent/chlorophyll .: ratio of about 

. 2. Tnu . .:;, an amomt of the non-ionic detergent equivalent to about2b%. of 

. the weight of the quar.tasO!::la ~1!~.;,;ater.; pr•esent 1s sufficient for the 

solubilization.· 

Visible x-cidiation absorbed by tr.e ~1otosynthe_tic pi,wnents is 

·subsequently distribut~ a.~ne; three diff~rent patbtfa.Ys29: (l) ·the 

initiation of photochemcal roactions in the synthetic cherr.istcy of the 

chloroplast, perlmps through· the mediation or lort.i-lived excited ·states 

or energy traps; . (2) the prcduction of !'JJ)..o+_'eseenae :trcm the lov.~st 

singlet excit&-J st;atc or chlorophyll ~· ·a."ld (3) dissipa.tion through the 

processes_ or collisional (tr.ermal) deactivation.. A faJJ."'th possibility" 

the production of p~~pnorescent ~~ssion fror.1 a triplet or ott~r l~~g

llved electronic state of the pignent r~iecules, haS. nev~r-been observed · 

with intact pho~ynthotie matex:tale. · Photoehe:nical utilization uroer 

conditions or rnaxilm.tm photosynthet1.c efficiency is ·variously ·assurned 

to accow1t for 30 to ·70% ot the ·absorbed energy3°. Fluorescence yields 

!!:., vivo a.ccount for only 1.5 to 3% •. 1:ne re:nain1nz energy can, therefore, 
. i ' . 

be assu'1led to ·be ther.:mlly deg:radcd ana. not available for the useful 

e!1tlrgy. conver-.sion reactions •. 

· In this study an attenpt \>IO.s made to· determine whathe:t' the . 

disruption of the photoohemical enarg,y.ypanversion pathway \'iould lead to an 
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•, . ,· 

\ 

enhance~nant Of. nuoresceme . effietrmoy Gl.$ a &ir~t COn$e:tuence • The 

· ·' _results show qaite. :clearly that tna do~rs not. n¢ee5aarlly happ¢n. ifnere 
. ··.""·.:·· . ...:··\ 

c :, •· .. fluorescence is no~ an al.te.t"r'.&tive to phOtosyr~tootic energy conversion 

· .. :'~..,treated qwm~a.1ea,.:~1~ inWst be aae~ that thermal deactivation isl> 
·~ ... ~· . 1 [ 

'. i'. 'Ihe qu@llahin$ reactions-~ dircetly involve thrt (l?lectronically-excitei 

state of the pi.want. molooule.G; i)erMl)S explain~ the decreue''.l- 1n . 

' :nuoraaoence ¢bserved '1rl a_O.~ oasesj or they :ray op~rate by .1nter.t"erlna; . 

/ with the noi-mal _proc"rssetl' .ot.• th~ electron transport pathw'af• 

I 

i 

. ' . . 

' . . ·,. ' . . I ·. . .· . . 

in l .. ooordir)$ acme of the absor-,.>tion Sj)(aCtra. One. of us (KS) is indebte-d 
' ' 

·to the Unit~ States Pu.bl1c ·Health Serviao for a poatdoeta.~ ·fellowship 

.held for the duraction, or moat of this worl~ .• Tho proJect desm .. i'bed 1n 

thie ·papor was s.ponsored by the Un1te~f States At~Q ~ Co:rtniaaion .. 

"· . . . .FOOl'NOTES 

. lo The tenQ· nqwmtaaoroe" is umed l093aly in thifJ r:1aper to refer to 
. . . . . 

·relatively s1rall pi$nented lamellar fragment.' separ-ated .rrotn ot!'!c:;r 

ca-nrKJnenta· of so.r.icatea chloro;>lasts. Tileae T!~ents· are actually· · 

a;:~et~tez of 1n1ividual quantMomes; whl.ah hV.vti! b~en oc$~ed tuJ · 
' . 

morpholo-gical features of ctlloropla.at· l.aul~llaa 1n tha $lootron m1cl .. oseope .. 
·' . ' 

Ti1a term quantas'oow ·in. thil:l·p~pGr does ·.not imrJ.Y that a suspension of 

· rilcn0Jler1a la."i'iellar subunits has been p~~.· or that tl~ .preparat1cms 
' ' . 

. ~ . . ' 

.~ 
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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" 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. 


