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LOCM.IZ/,TIOH 01 CHLOI10PT:!YLL IN S?lNACH CHI..OROPLA:iT f,I\Hi:LLAt 

BY rLUOm~SCt;llCt: lHCROf..COPV 

or Botllny lind Lahor.#ltory of Chomical Biodynumicr., 

INTMDUCTIOU 

/ /'7 
V- C-'f!..?. L_-/ G (;;o ~-- ... 

Chlorophyll b p.;r(')an pluntn in thoual-.t to \"e&i.de in the intornnl mcmbran~s 

in'to grann ~nd ~troraa lnrnollae which oxi::ot ttG cloood • flattened cacs ot"' 

th:;l.)koids (2). lllthou&h tho chlorophyll molecula i& ne>t yet d~m~mst:r-nblc 

( 3 • 4 11 5). The dGt:p r.od fluorct>cenco of chlorophyll, obsorvc.-d by ~.h• Dc:v id 

nroWS'tE::Y' in 1033, W3S usoa to l)(lv.anta~<ll by Frnnc:ia r:. Lloyd i.n 1924 ( 6) ~:bo 

found the chlorcplar.t of hi&hcr pla7lta to bo tho source of tha fluox-q(::;ccncct 

fl.uor~nconco to tho chloroplast g-rana. 

'!'h~ technique da::;eribod hO're pcrruitn observation of the st:l.me sp.::Jcim--:m 

hy fluorali\cczncEl and ~lcctr:'On microscop;t, yioldinst preciGa .tnfol~Httion otl

tha di.r.tdbution of chlorophyll in the r.,orohrancs thz:-ough ill direot compari• 

son cf. ultrar.truotura and fluorcr.~oooo. 

Stox-o opinaah \-las ground in a cold ~·'<Ar.i.n~ blflndot' for 30 t->oconds in a 

r,rindin;r. ~odium COi\l{.)Oil.ed or 0.;5 M truor.oGG ·Dnd 0:1 !~ (K)P04 buffer pH 7.5. 

This durry "'ao sqti<HlZt'd throtJgh a lnycx-a ot cheasaoloth and was ccmtrifuf.ed 



·rc/~li1'\ 
~~·~··. _;;J 

at 1110 xr, for 5 r'linutGa in tha cold. Tho prt1clpit.1te f't•om thi:> r.Gt5i:Jcn-:ta-

minutas. Thi!l precipitate wan resuspendGd in r;rindi.:1~ buffer .:mcl C0.Jntri-

r'\ drop of the chloroplr10t rn.:ttor·1al,. d ilut~d to a p.11~ r.r·een color 

with di:.tilled \-tater, mu.1 plu:::ml on a f'ormv(:rr covct•ed .locator grid and 

dried ofte:c rcwoval or tho oxceso liquid with an ab~ol'lxmt pt3pcr. The 

with the nitrogap atmosphere, ~nd carefully place~• coctcd surface dow~-

tho:1 uptm.,nod on a rnicro~cope sUcte. Th<.'l w~t, covared grids t.:cro th~n 

SOO nm to xJoach tho Bpoci~:~tm. The n!crccc~po uned ~>ms a Tiycx1.:.~ tr':lr:.ocular 

resenrch m.i.croocopd oquipped ldth an oil inmcrnion object.i.ve ano a }~ossler 

thi'ln 630 r.m (Corn in!\ 2-50) 11 was mounted in the tube c.1f the micl"'.')rt.cope. 

In order to rtlinir:~ize fluorocccnoo of thQ red fHtcr• i'tt.~lf n }~c~cond 

(Opticill Coatinp, Labs. tnc. dielectric rejection filt~r). Th~ fluoresccmce 

'.,.,. 
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of the c!11C",r"Oplaat fragments to adhera to th€ formv;.~r fl.lm tl~rough,:.ut 

oxycrm from tho spflcit<lcn, nnd by working quickly to kcop difi\::.;.fon of 

air undoP tha coverslip to a 

rnic:rosccpy will prevent lor:s of r.,nte:ri<'ll. cur1nr; mard.pulutio:.. · Undor these 

Aftfll" a cho:;<=m nrua of tho ;:;rid WM:'I phctogr«i)hod on tho .Lborcscenca 

and tho er-id was removed, driad; and r.hadowcd with chrcrdu::1-nicl<ol. in a 

RCf.ULTS A!iD DISCUSSION 

shaH that all the mc:ohrAncs :vioible in tlH!i electron micL'C1zl:-aph ccmt,:d.n 

appr-ox.lnatcly equal .~mountt>. of clllorophyll. · C<'ll:'Grul eXC\f:'lini.rt ion t:Jhows 
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euring ucmotia zhook might be expected to affect the intensity of' 

uni for:n c:Hstribut ion \H~ have cb::;;ot"-'~d. 

They concludad that th0 

---- -' 

~~ 
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Anticipated u~os of thin :ochniquo 1ncludo\tho study of develop!n; 

phyll in thr) l.amcllae ia uniform throurrhout the U.fa cycl(J of the 

l. 

2. z. ~J .. :ltu~f"or:--:ch._b ..-.... - . 
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Fip;ur•c 1. A montar;e of t\-;o fluoresceuce r.;icrographs of chloroplast 

r.Jer.~brc:nes on formv;;~.r filn. The line at "m"' is a result of 

the montage. X 3,600. 

Fir~ure 2. Electron microgt~aph of the same a:'ci:l of the :formwir film 

sho~m in Fi~. 1. Line 'it "C" is an example of a fold in 

the foF.nvar. X 3 ,600. 

FoldG in the rnembrane "s" sA.on in Fig. 2 art:! al~3o v:i.siblc 

in Fig. 1. 

"'nG lh) tl ·•r"' oniy o-n fi'""ffibr~•l~S 'L·'-J• Ck ;;_,-., __ ,•'.• <• ' I 1 <:. • ,, l ..o. 11~ ll<~t - <>. , ; l . · ,_. _ 

show a decrcs3e in fluorescence relative to adjacent areas, 

as explnineci in text. 

Membranes such as 11 
:;;" • 'rrhich measure approximately 3. 5 \l in 

diameter, <Jl'e probably too large to be considered f>,:<:'<tna 

- ll Th l h . t "b II b . 1 t' ~, \l :tal7\e ae. e mem,)ra.ne: s O\·iTl a 1 ~ e 1nv, urger ·nan 

across, may be a lii'litin;;, membrane of a chloroplast. 
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F ig. 1 

Fig. 2 




