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that this pesic cccurs ab 678.5 mp in chloroplasts and quantasomes,

as well as in the intact leaf. fhis finding coupled with the abillity of

b g

1lluminated quantascues to carry out the Hill rezction efficlentiyd and

' quantasomes plus soluble c¢olorless stroma Substances te BUppOrt

Cor)-i"lmfcionl, is
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taken 85 evidence that me imuediate envirorme: % of b
pigment molecules in actlve qwmt&atmo ;;romratiom 3 not ai;.jgnif‘ic:&ntly
“differ cmt fron that in ube«: isolated chloroplasts or in the Intact plant
call,
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In ge sn eral, the guality of thelir .,ch:u «u net such that z,.:cum‘::
wavelengths of the maxina cb‘*l«j be determined; however, iv conlousion
rcw,rzed by both proups was that, within the instramentsl llzltations,
.'tmm seansd Lo be o real shifts in abzo o rebion maxdng 4 golng v
u},ﬂle leaves to chloroplast suspensions awd even o preparations of
disintegrated chloroplasts. ui}; e 105U 2 riumber of diffe r*vr'c, ennerinental
and theoretical Bpproac ches have been studied In an mfcr» to overcome .

Y

he effects oum w Tight sca ummg i such sumples. The opal glass
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7 Barar, in uhich he altered the refractive index
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trdex matehsd that of the SUS sorvied particles l’g The resulting lxproves
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that the cell is not a honogeneous bbdy with a sihgle refractive index
unroughout but contalns cne or more pigmented chloropLasts whose
grefractive index varies significantly with wavelength_ Theoretical studies
of these cmnplicatiOnézo“zzlhaVe shown that the variation of refractive
index with wavelength in the vicinity of the pigment absorption bands
is such that light scattering is greater on the iong wavelenzth side and
less on the shorf wavelength side of such a otand, even when the refractive
index of the médiun is adjusted to match that of the intracellular
material excluéivg‘of the»chloroplaat.‘The most extensive corrections
which have'yetvbeén applied to such scattering-distorted spectra (by |
Latimer and Eubanks?2) give curves for épinach chloroplasts which are
remarkably similar to that sﬁown in Fig, 34, cbtained by the much less
1éborious ST technique. In some ;nst ces spectrophotaneters using |
Ulbricht sphéresl7523 or wide angle microscope attachment521 have‘been>
used to.obtain absdrption spectra of scattering photosynthetic materials.
Déspite the manifold probiems assoclated wiﬁh these technigues, they
‘have yielded-sqme of ﬁhe most reliablé absorption spectra to date. An
| additional specﬁgophotometric anomally results in the flattenihg of
.absorption bands owing ﬁo the enhanced mutuél shading of the pigment
molecules in the s&.ispenéionzll Ames 2 Duysens and Brandt ‘féund that for
Chlorella thé flattening amcunted to_only 1% if all the scattered
light within 70° of the forward direction is seén.by the detectort?,
With.tha'ST accéSaory-ﬁsed in this-studvtthe corfesponding angle was
60°' therefore, the extent of. flattenin~ of the ST Spentra of :Elggglla
or of sznular pignentod utructures should be littlc difiewent from that
observed by Amesz, Duysens and Brandt.

‘The advantageous features of the ST method can be summarized as

follows: (1) spectral accuracy and scattering corrections comparable with



»

those obtained i‘r‘cxu Intezrating sphere meusurenents are achleved;

(2) speatr :ma.x'c recérdézd continucusly, rapidly and with the ég:xt‘l;mm
:welon*th r*ebolutian o the speetrophotoncter, comparable to that
obtained far nmxmﬁcat:‘cc;rir@ s‘arm;:les; {3) deuble-bemn operation is utilized;
(4) 4 wide range of" W&szi&:‘{j‘tiﬁls .(EOQ-J,(BOO mu) is lable throwgh the

| 'choice bf"apprq{wmw -intemhamg;éable ot \omnultig}.iw tubes (ultraviolet
mmont 7u615 visible Dunort G 2, rad ACA 6217, near infraved Dumont

6911). '

""be &bili‘cy of anhieving prec r and reliable abscorption spectra of |
phc)’t;osg ‘*hfs:tic materials pernils ¢ 'tmt of the w;i:aothesi:s that the |

positions of the meln chlorophyll a BEOm *tima pardis are o sensitive weasure

L e . - - & s - oy b ey - «
o1 t,hse& structural Integrity and consoguantly the activity of the

?hmbaahemical '"m'w'a.tu 2e Sueh 2 relatd w% dp was suggested LY 2 rough

LS

gorrelation observed previwsly in this laboratary between the onset of

23

‘a blue shift of the a.’bf,;arpmon maximas at 078 my with loss of

pun

A11L activity
wen ¢ Wii‘k«;, of quantm;we ‘I"@Uamzuium in the dark at (°C.
“‘"c maul‘ts m‘. the m:‘@‘“e*n‘c atudy, using mfj ed oryanic readants and

sw;z&cmnu& » demonstrate the :m} avlonship to e more conplex than is

B, ssted by the -'.’z.fﬁ;ple hymothxesls above.. “Cr bzervations, sumarized
in Figs. 5~89 fali in_to tvo principel ‘aa’c@gcsrim. (1) Acetone, wgbhanol,
urea o SR3 ‘a“ucd LO B vous ::uamas;awa suspensions inhibits the, Hill
reaction at significan Ly 1%‘ At goncentra ':163';5;' than. ara réquired to alter

the position of' the red ahsox pa,iun s el :gm crr warkedly Ineresse the
fluov@ oe w0 ef‘«“z. iem:y.' (2 The m'*n«iani wwr:;nut mit,m =100 added
to ag uecua r‘umtaswness CAUSES & 8 rikmg@; Iﬂtim*@s;erme i;vwrcim AN
congentrations ﬁmz‘l:; an ome'}:f of magnitude less than those remuiie 4

o induce subﬁtmtml shsorntion shifts o c,f‘*”‘zwcs,iw mhlbltlono*‘ ‘"he ‘

Hi1l reaction.



'.i“m. ob»ewa‘siom of the ez‘i‘mt of,' the first sroup of rear,mta on
isolated chloroplast lamellar i’rm;zx: nts (quantasmes) are in fgeneml
agreenent witb n”evicuuly mbli:shed studies of the @f‘i"ects 02‘ thoese ard
similar reagents on Hill activﬁ.»y dm‘i f}.uc"c. seence ,yiem 01 ‘..hloroplaft
howwez' 50 m“m’mm, difx erences in obscmtiovu amd interrrr»ta.tmn 4
exlbt, De‘cailea stmma of the concﬁntmt ion dependence of solute-
imucea gxb crptim shifts have not prwicu 51y been mﬁbliswd.

"‘mezm.n, gorisova and Rubin stv 1died the efTects oi‘ athyl alcnhol,

| acetone, ursa and several other reagoncs on the indophenol Hi}.l reac‘cion,
lluc‘l‘%ﬂ?%e 3’-&91@ and fldc&‘csc e lifetimes of sugar beet and tohieeo
Chl@ﬁQb)ld.utb 5 'T he ‘f‘ t u": "“Ga«*ﬁ{)}. on »}w HAlX re awion in chlc«o«
plasts is mry sir:;ilar Lo cur o wam ons using methanol on lamellar
fragments. Thelr obxserva«;‘é;ioné‘ sbmﬁeﬂs in additlon, an incresse in
flu::fresc ence above 2 ai, anck ma,c,“. roug;hl:} ten times the indtial
yi;:lﬁ at 60% ethanol. From this and other ohservations they reachad
the general corclusion th,,t: an increase in the yielda (ard lifetines)

of fluorescence dir&étly acconnery the dect'ezse in photochemical

'activity ir‘rclzzced vy aﬁd@d solutes. In cur study, using methanol and
- Zizksellar‘i‘éawu 1its, the 2 uor ascence yield at 50% wethanol |
cmﬂ-eni;mtion Wa, if “n:g thirng, even less tmn for the squecus susper Lsipm
The ‘err-h,yanide 3111 muc‘cica was co'nplctely Lm‘zibitcd at 30% s:zg«t’nzu'zol, |
however, This evidenﬁe HCMIQ Seem Lo MMle oub a2 m&llcl I‘luov'escmne
incr-a-asg ared zilll acnivity ﬁwnr‘ea e 1n this ca $®¢ '

'?’:m.obsermtimm of Tv.mct Am, et al. on t%e el t:s of acetorie wer
noL ?*fes@nte;i in rﬁ@‘c.‘f i1, Their stat&*nfz»nt ‘(;hat camplete 1&1‘1«&}‘{31@“ of t}a@“
HLL1 reaction ard 3 ‘ctamrmm: of m.zt.uu.l values of flucrescenc

efficlency ‘tock plaw ab cmcen tio: B of 30«50,& uce‘cone is in I’Olz;}.l
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agreenent with our o&sewations_ of the ei‘feci: of acetone ‘on L.mellar '
- Tragnents, %}ievértheless s the different concentration ranges over which
these two ei’f‘ectss .take place is cne of the rxtrikimtg ,f‘taature.ﬂ; vsm‘m
in Fig. 6. With added urea they fourd no effect en the yield and
duration of fluorescence at concentrations where the 111l reaction was
cmpletely inhibited. Althsum Our results are in qualitamve apreenent
with this statement, & closer comparison is not %&;1014 ouwlng to fahe
abzenee \qu soncontya tirm da‘aa in 'f‘;!r:»ir paper, The relatively strong -
, 1nh1biticéx of th::n BLill reaction by ures may be explalned a:s :;pf»c* f.‘ic
‘effect on t:he mechanism af‘. oxygen evolution, related to the well-known
stromg inhibitions. of subs *citutea uress such as -(3 f-dichlore :..enyl)-—
1,1=dimethylurea (DONU), |
‘ The fact that. the 1‘51&0%5&%@@ yields remain strikiruy low even

at 40% acetone ard 50% m?et’nénal sugzest that the p:l.gmems are not
yet extracted Into the solvent phase, It would agipear- that the avbsorption
shii‘ﬁé ,‘ whi‘c‘:nl begin at étill lower concentrations of t‘:;ese' ressents,
ave the réssult of alterations ‘whicf:'z precede tm trme extraction of the |
pi@?é;xts. A‘c‘ Lhe sane time, oonc:entration which bw ,m S:e induse
abgsorption shifts are sufficder 1 to have rwncud 14111 actwiw to a low

level, The abs orp‘cion s.hiz?ts may arise i‘rm ..:D&’C.l.f - solute-chlors p*ull
muemct* ons oy tne,; may rn:ult “z‘a*n a ﬁuﬁ"‘ﬁf‘ﬁ"‘lfic alteration of the
txlelectmc 'p""dpur"ies 0;. t‘ﬂw mecdium in which the pizj“'cnt molsﬁcu;.es

are located in the quanw ones, The posxtiom of the ahlorcpnyll
avsorption bdnflu in itro are known to be gensitive to the dipole

moment and polarimbility of the solvent20,
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Similar principles may be opemtﬁmg in the cass: of added 43;'%3; ‘}cuevcr, g
the range of effectiveness is at much .lmr:er’comentmtion& (0,002 vo |
| ~ 15) 1n the case of this anionic -dstergent. Smith and Pieiels?l fobnd -
© tmat a solubilized Lipoproteln to which chlorophyll snd carotenoids
are bourr;i' 1s'pr'oduced by tmcitment of :a'pi:mch»chloroplhstzs with _

v' .. 0.25% SDS. The resultmf; ab:so“{a'cion mixt, iro*u 677 to 670 A wa uccmmninﬁ

| by the co*werzsion off cnlcm:}hjll a to phe ophytin-’l. e and Clendenning .v';,.

- confirmed this o*wmm‘cmrx and showed tmtz 0.04% 505 inhibits the Hill
reaction of chlor-oplasts using quinone as orsdant®B, Their data on the | .
. evffect' of‘stS‘ concentration on the quinene HL1L activity of 4chlomp‘la3t€.

| °‘how‘ that about 8 tines as much vas required a5 18 the case for our

K study on the mrric:yanioe 111 activity of iuolatm’ larszellar ngfnema.
‘%:'auch of tnis extra deterg;ent may have ’b‘esnvin teracting with the menbranes |

o and soluble colorless proteins of the chlc;roplasts"f -_" camponents which are

’ ?bannt in our lcmella.r I‘m mnt suspensions. '

”h@ addition of Tr ton ?’-10£} to aguecus -gu ant&someks p:"zuse:s quite

& different .sea‘t af consequences from those deseribed above. Fluoresecence

: i - entancement ccours at sdb ’cmcially lomer com.e"\tmtiorzs of‘ Lhr:) vo-z-.va-iorﬁ.c :

'

"‘ detergent than are required to inbibit the fw"*lcy:midc HL1YX resction
| i or n"oduca absorptmn smfts. It may be tha t “r'iton 100 is intemc?"im
| more stronsly with a par-* of' the { ‘1“.lorcphyll a servi:zg as & normally
non-fluorescent acce:gso”y yis;mnt than it is with those rnolacules vhich
" are at f:he active site aswciawd with oxygen evolution, o

"‘fie molar ratio of deterzent (Sl. or ”‘r‘itorza X—lOO) 'té c’*zloro:*hyll ;

resent in quuntaaornes can bae calcwtc.d fer th&:@ concentrations ;iv:.m
A rise to rrmzcmed .’mrubltion of the Hill reaction, .For- 50% inhibition of

E11l activity about 0.3 molecules of DS or 1.6 molecules of Triton X~100
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are required per ehlorophyll ~ moleculs present in the guantasomes,
va. swall mmitude of these nwnbers becones even more utﬁ{% conaidering
. that chlorsphyll comtitutes only 10 7% of the total w oht of uhe
quan&asme a&gx’awtesl’ In the caae of ""riton x-loo, the evidence
of rc{luct:lon oi' lig,ht seattering Suf'MPStS tmt quanthom agIregates
are effectivaly .aoiuninz..d at a detergent/cmmpnyn > ratio of ahout
2, Trus, an ‘amaint of the non-ionic detergent equivalent to about20% of
,the wei;:,ht; of the quam,asme m;ﬂ;&tew present iz sufficlent for the |
solubilizatlm. o |
Visgivle mdmtion absorbed uJ tm photosynthetic pigments is

-subsaquently dmmwted amm- three du‘fer-em pathw 529 (1) the |
initiation of photo»hmical reactions in the .,ynthetz.c chemistry of the
chloroplast, perhaps through the mediation of_ long-1ived excited ‘states
'cr, emffg traps; (2) \i:he producticn 6:‘ 41"1@0;;7@3@@;1@@ Irom the lowest

| stnlot exeited state of ohlorophyll g ami (3) dissipation through the

| pmcesses of col}.isional (t%z«ux) deactivatiem 4 fourth poqambiliuy,

| thae pm:luct:icn of phosnhomscent emisaion f‘mn 3 triple’c or other lang- |

' lived electronic state of the piyont mole'*ule has never “heen observed -
_ f«ith intact pho‘ocsynthetic mtez*ia.lu. kmtochemical utinmbion under |

corditions of maxinwa photosynthetic efficlency is varlmz,l; -‘assumed

L to account for 30 to 703 of the absorbed @mrmym Fluorescence gielw

in vivo account for onlv 1, 5 te 3. Tne rc«mamim enerpy coan, thez'ef'ore,

be assumed to be themally depraded and not availahle for the useful

enerzy conversion reactiom. s : ' e
- In this study an- attempt was made Lo dewmme whether the

dismntion of tbe photochexmcal energy,,cmmmion p&thwaj would lead
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*zancwent 02‘ ﬁuor@«*c@me efficiemy as & &irect consey uence . The

: mmmta sr;ow qui‘ce clearly that this doss not mc@usaruy happai, w‘:mm |

LU "'_fluoresce%@ is not; &m altem&‘bive to pnacouymhebm energy conversion

f.:.n treated q&;&n\.asscmeﬁ, it: ‘msst be aastme& that themal de}émtivation im
S The qwmh&nr_»; reac*mns w diractly imfolvc tm falectronicany-—ezcite:i |
st&te of the pmmt mle.,ule 2, gaerﬁa*m explamim, the decreas:m in . .
flucrascence Gbaerved 'm som cms, & they may oaemt:e w mtcrferinm
‘- | with the nomul procersse@ oi electmn ﬁ:mnsg;ort pethwaye '
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‘ FDG}.IJ v
e ’i‘ne tcmé‘ “quanm&né" i6 used loc;maly in %mé paper tq} :j@i‘éer t::;i |
relatively small pigmented mﬁialm"fmmetmﬁ "sepax'at@d fx*omaﬂa:‘
ﬁéo:mo:mnts' of sonicated ahlora;»lasw . .ﬁ?zmse Lragments are actually’
agsreptes of im*vmual qmntasws, which hz,.ve beem abaéarvexi ag ‘
- mwg;mlogieal raatures of chlemplasb laﬂ@nae in the awctmn mm'oseo,,m. } |
- Ths tarm emm‘casom m this paper do«aa not iwply th:at. & suspemioﬁ o
' mcnmsric la:mnar aubunita ma been wemmﬁ, or t;kmt ’che prewmtmm

,m’e hamemms in particle wiam "
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