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N vmzmsmrrmsxs BY ISOLATED CHLOROPLASTS®

By. R, G. Jens en** and .J. A, »a%s%a

Photo%ynthcsiq in green plants requires not only whotaalcctron
| -tranevortﬂ oxvgcn ovalutzon and pnotouhocnnorylatxon, but also the
: synthctlc reactions uhereby carLon dloxiac is assimilated and recuced
'to a mmber of organic corpounds vih the ghotooyntnatic carhon reduction
.cyclc and secondary biosynthetic pathways ., Complete photosynthesis
 with iso;ated chlbroplasts has for many yeafs been & goal of bio-
chemists., Phntosynthetic reactions could then be isclated from }caerc,s
of Lbe C}tcpluSm, and the cell well covld be eliminated as a barrier te
the astmilatlon of Varlous added metabolites und thc icalbe This
achievement wotld nrcatly facilitate the study of the mechonisms of
eqzymic tranﬂfbrmataons and metaoollc ccvtrol in the synthetic reactions
of pnotosyntheswq. |
The photocnemxcal tranafer of electrons from water to artificial

; electronic acreptors by subecellular partlcles from green plant cells was
demonstratcd nuny ycars ago by Hill snd chr1sbr1cm,3 a;nce that ilm@,
'l'lsolated chlcrcplasts and chloroplasL rarticlcs have be%n found to be
r?;lcapable of photoclectron transport to NADP, 4-6 and of photophosphoryla-
tion.’ .

Wﬁile.very high rates, exccedlnv thoqe required for in v;vq photo~
 synthesis, havé been demonstrated for photoelectron trunSport to botlh
natural and.artificiﬁl electron acceptors and for photophosphorylation,
"_raIGSHQf carbon recuction during photosynthesis by isclated CHlOTO“. sts

~ have been disappeointingly low, Fixatlon of 14C-1abeled carbon diexide
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into intermediate éompounds ?f thé photosynthetic carbon reduction cycle -
by isolated cblornplas;s was reported by Allen ¢t al..in 1955.8 This
abllity to fix COp was dimi sﬁ‘deit& bhroken chloroylasfq but couid be
restared.by various co‘ﬁctorﬁ 3 and it was claired that Gy fixation by

3 - ! - ,1

chior onlnstq ceulc bc acccmplle wed in the ﬁark if the cofpoctors ATY @

ﬁIWL WeTe aad01,10 A r@port from the same laboratory (in 1960) iiqto,

-~

. . i . . b ] K -
fixation rates of 4.5 to 6 uroles CQy/mg Chl/hr. 2l Othersi? found rates

+* v

of abouﬁ 4. It has long been assumed, and is verified by cxperimﬁn» I

‘the prosunt Teport, thaﬁ spinach *csvcs should be capable of rates of
1C02 fixauien axceedlng 200 umoles COg/mg Chi/hr, -
Tlxatlon of C@« has bcen StlﬂUlmt d by ¢t ;ﬁ*it’on of some }nﬁer~
weaiatca of the carbon reduction cycle to brolmn CHlOTO“ldotﬁ,} oy wicle
chloroplasts°13, Walkcr1¢ fbund a rate of 1.1 umoles C0y/mg Chl/hr. to
be incressed to 24,3 (and 1ater,1~> 36,9) upon the addition of ribose-5S-
‘phOSphatG t@ isolatcd.Chiornpalstg pr&paxed according to his method.
With t' dltiﬁﬂ of Vl.a umolns af Tibos e—S»thsnhate per mg chlorophyll
‘to tne react ion mn:turcD halxer 3 accclorateu CO7 fixotion rate resulted
dn a ﬁatal fitat*on of G.0 pmoles COw per CthTOthLl during the 20-min
perlod o{ 1wcubazian. Thus tbe 5tiwu1a*cd C02 fixation rate could result
;frow thc anegatann of owly part of th ~§:ncn :eductzon cycic gtiliziﬁg
ATP frox thé #dgfachcwical rﬁﬂctions to éﬁﬂﬁart ?iboce—s—“ﬁosoka e ta.
" ribulose-1, Sn tiphosphate, the carboxylation reaction substrate, It
wculd‘appear“that Walker's praparation had a limited capacity for coenver-
sion,éf oihef'ﬁuwar thSanta to pentese phe .!hates.

Another type of stimulation of €O, fixatiom by chloroplasts was

achieved by 'Hebex and Tyszkiewicz,10 who added o concentrated solution

i
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| of ;sc%lublcé enz';rnwe;f; of the yﬁr!;@n roduction cycle "if_’o chloroplasts iso-

| latéé in aqueous me&ia.and thereby obtained fixation rates of 4 umeles
"CGZ/my Chl/hr,, which were further stinulat odvtovlz umblaleQz/mg‘Chl/hro
pan thu nddltion of ATP and NADIYI, U ing cnloropla%tw from the warine
 1chry omonad H)zenOmanas SPy Jeffrey ot al . 17 measured a chloroplast i

xwtian rate of 15.3 umol&s CG«/wg Chl/hr,, which was neﬁriy 10% éfl
Lhc in vivo rate for that orggwivmg A&dition ofmdhloroplast extract

stiwulatca ﬁh@s& chlcroyla ste to a rntc oi 34, or approximately 25%, of

the fixatlan rate of whole colla,
B In txe studxes repor ted Lcl@w, efforts were made to obtain a well-
dcfinecs bonogancaua preparutzon of PthTOplaﬁta with 1n»act menbranes,
a 7uh1ch would he capuble of high rates of complete photosynthesis without
he'addifion.bf either cofacters (other than‘imofq;nlc 1ona) OT CNZYWES,

It was felt that such prYep parations would he mOTe uscfﬁl than reconsti--

tuted systems. for studies of metéboﬁi" centrnl and enzynlc mechanisms.

vlmaterials and Mbthqgs;*~5ecuslof Spinacia cleracer L. (var. Viroflay},'.
;obiainéd.from‘th@ Farry Morse Sécd Com,'wére'plantedvin 5 inches of vermi-
. culite ‘n flaﬁ% cutdoors in uirect durllvht. Upon germination, the
 ‘p1ants were watered daily with Vnagland’ﬂ Jolutmon. At the age of 4 35,
5 wcexs, 1envc welghxup approximatnly 1.2 to 1.5 gm were harvested and
 fu@cu lEﬁQLl&tely for experiwenua. |

CO? Fixatxan in intact leavesam-A fr e*h1y picked leaf was nlqcaa

in a was»tight tran@parent vessel with it@ stem in a vessel containing
.hoaplanﬂ's eolutien. _Thanleag chamber was *tt“chcq by inlet and ocutlet

tubes to th@.steady-stata appuratu$,18 This apparatus containsga closed

aystcm of tub;ng end 2 pump for c1rcv1at1ng gas through the leaf chember
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' ard thcn through an icnzzarxon chumucr w“ica monltors thv level of 14
wben thlS frﬁcer is prosent as. 14C02

After the leaf atotoevntnes zed for 10 min,:ith air, the gas handling
‘system was clos ad.ané connected w*th a reservoir containing air énd 14co,,
- The system thcn'con;ained 200 wmoles of carbqn QIOXidQ,;with a specific
acti‘&ity of 29°Oru<:/'pmole. The V‘mml C‘,—» tension ;«vas 0,08%, or opproxi-
mately twice ihax of air, The lcaf was "llawwu to photo 'vtho for
10 miﬁ.with414COwu We then quichly'cpéﬁed the chapber (less than 10 sec)
_m‘zd p}mwcd the lea“ into 1muid nitrogen. - ._ o B

Ihc f*ozcn lear materlal was ground in liguid nitrogen. We uct“rm
vmined the chlorcphyﬂl content of the ICaf 19 thh an aliquot sample of
- the frozcn leaf uafcrlal and found thqt the leaf containcd.l.21 ng of '
chlorophyll, Thc‘rcmaln;ng frozen powdcred‘leaf material was denatured .
by imdiéie >mi'<ing with 80% wethanol, An aliquot sample of this material
,:{was acidi*ied ‘and dried on a y;@ce of filter naner, and the radicactivity
i?was ucterwine” by countlng betwcon orpo sing thlnnwxnoow G-M tubes, ,rroﬁ
 :the reaulting count, known counter. sens 3tiv1ty, Lnown specific activity
05 the 14CD£ and the previously detcrmined chloropuyll content, (Lhe
"‘ photosynthetlc agslmilatlon rate of 14C0w into aCiL‘SLHblﬂ compounis was

/

hatas of fixati@n by $solated chloronlas tg.-~Ch the same day, ond

from lecaves taken from the plants used fcr the who;e leaf fikation rate,
isolgted chloroplgsts wexe prepered as described‘péléw. A'0,50=mi sSus- .
pension of'these?chloroplasté conﬁaining 0'035 mg of chlarcﬁhfll Qas'

preilluminatcé {br 3 mmn, afiﬁr which rau1nact1vc bicarbonate aas acged

and photooyntheais allcwnd %o vroceed for 6 win. prior to killing in 80%

.
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mcthaﬁol* .Deté?minatimn of chiorophyll and of e fixed (sec above)
ave the COy fixation rate for isolated chloroplasts.

.. Preparation of chloroplasts.=-The method described by Wnlmcr~4

Lt

.

has be@n consi&crahlw nodified in ouy stud z
Lavn of three nolvt ons used in the isolation and assay contain

the follewing: 0n93 M‘ﬁcfhiﬁglg-05002;E253ﬂ07, O;GQZ M EDTA (ui, Lassium

salt); 0.002 M Na i soagdcorbate; 0,00) A BClz; 0,001 M Mgllps 0.0005 M
| £2H¢049 |

| - In addxaxen, the soluti on ﬁ,COQL ins 0,08 bébﬁﬁzg (2 (N-roypholino)
'ethann"ulfunic ac¢d)], adjusted wit! .\H-ta pit 6,13 0,02 3 M NaCl; the
%olution B cnﬁtalnu 0.05 M HEPES 320 (N2~ hyérexyethylpipcrazinc«N?wa
'. ethanesul£dnic acid), adeStad.with Ma(H to pif 6. 75 0,02 M NaCl; solution
',.C:coﬁta‘A s U; ?‘hTPF&, adjusted with Naﬂd to pif 7,63 0.005 M >a4’2\7°10
‘-*méo.éﬁ. e

1

Ten gm 0‘ ITQSuly cut 1eaves a*e waaﬁed chilled, and the midribs

__‘are femovcu. The leaf strips and 30 nd Chllied solution A are placed in .

oA "semimxcro” monel homogenizing veadal on o Waring Rlendor and u?enae;

_fcr dhly,S'sec‘at high speed, Thé slurry is nouréu and vrcssca througn

6 10;0 rs of cnncseclotﬁ (42 threads per 1nca)9 and the resulting juice

} is cgntrifuged for 50 sec at 2000 x cb_ The res sulting pcllet may he
~vs;or€d atvﬁ°c fof up to 4 br, Fefore the experiment the pellet is resus-
Ipenddd in thé,solut ion R et 0°C, to g;»m'a buapcnsion which contmins ﬁ“cvt

}}1 4 g Chl/ml,

Pho*cbynthcsln thh chlornwla a.-«Photasynthcsis is carried out in

& round-botrton flask (di ameter'aQJ cm) %tOHperc d with a sexum cap. The

flask is pounted on a rack which holds 16 flasks and moves with a circular
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"mbtién in the horizbntal ylane?(fmdius of wotion 1/2 inchg'fregpency 200
.:cyclcs/an}. , 11% swirling motionfdistributes the suspension<of'chlqro»
‘plasts around the round bottom of the £lasks. f‘ xly uniformly without‘
subiectina them tc’axcessive awitaticn.( cesclve shaking was found to

‘causa loss of photmsynthctxc activity,

L

”hc flaskﬁ are hel@ 1n a water ba tﬁ ;t 7O°C, mnc are illuminated
 'fthrcuqh the transparent bottom cf the hmth-by light Crom a bank of 20-
Jwatt &u~Lite Ultralux fluorescont la‘ Ps whiéh give 35 incident intensity
1.at the {Xaéﬁs ax 2400 fbot»candlaﬁ, Kﬁe_iﬁtensity was found to be suffi—
‘1¢i@nt'fbr light ﬁaturatioh'uﬁé¢r‘the conai*iensuuscd:

In cach flask is placed SO ul Of chloroplast susp sion.(conﬁaining
51'about 0. 07 mg chloronhyll) nnd 430 ul af'%alﬂtlon C. The shaking flasks
are prcilluminated for 3 min. Then 20 w1 of nl4c0z™ solution is added
“to give 2 final volume of G 5 ml, hh*CH 13 0.606 M in B ¢~' and centains
B 24 uc-of 14C°d A{ter 6 min of photo'yntheq1s Cun’css otherwx@e apccvflcq)
f the chlorovlast rcmctions are stopped by addition of 2 ml of methenol.
f."Total radiocarbon fixod and chloropnyll Lontnr* arc then dctermzncd ns
1 describod above, . | | |

J

Papcrvchromatggraphy'gnd'radioabtpgraphy.~~Pruducts of photosynthesis

by spin&ch leavv and 1§olated.chlor0plaﬁim were nnaly20u hy th-&iP"ﬂ*

fsxoﬂ 1 cﬁromatogra hy in phcnol»acatic aczavhatcr and bL%nnol-prcr ionic

';' ac1d«water, as Aescrihed ol eahere¢31 /
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Thst of vyrop%nsphate for m&tahOli smoe=In the couts e of investiga-

.figfions of possible buffars, it was found that pyrophosphate stimulated
:COZ fixationﬁ,'siﬁcé pyraphomphate has boen found to be'forﬁed'from
.f;1abeied orthophOSphata in experiments with Chlorelia and its level is
& function of light and darh,zz'and of Lhe aod;tlon of inhibitoers, Zi
Bt was of interes t 10 inveﬁbawatﬂ its p@ssible metabolism by the chloro-

"plasts, Ther@fbre, photmbynt1csiw was carried out with °°”~1abvleo

"vipyrophnsphate. After varving times up to 10 min photosyrtncais thc

i',;icalermmla«ta were killed and ?na}yzed Very little Iabeled Py riphos=

f‘phatc wos cenverted, prabab’y via orthﬁﬁqogwnate, wh1c1 is formed slowly

o ‘}by hydrmlvsis of thc pyrophasphate. - ;7 B o o,

Becazac oF ﬁta slow hydroly%is somium pyrophosphate is ndyea 10

-the pbatoﬁynthcsia mcdium (solution C) on the day of mwch experiment.

;‘elfOrthcphosphatc bccomes grwdually inhibitcrv ahove 0, OOOJ P

Light qaturatian.~~Tha ef{ect of. 11ght irfcngity was tc'tcd uwnder

o ﬁthe condttlong described a hovn, exccpt that $1lumination was supplied by

'Vtwo incendcacant lampq (G.T DXB Photogpot) gnd the intcnsiﬁy varied hy

.~ using neutral mensity scrvcns, as shown in Q@sults, h

I

Fffcct of birarbonqte conccﬂtrat*on.~~”he ef¢tct of bxcmrhonata cone

"'cccntrat10n on thﬂ rate was - t0$ted unaar the cenditions described above,

(. .23@%ccpt\that thc concentratien of bicarbonate was varied as shown in

.’*ffiRasults, In order to minimize the effect-o@ depleticn of bicarbonato

‘~]on its effbctiva caﬂcqntration during the weusurament, the concentrstion

,'cf cblorow&asts was: reduced to #zVﬂ 0. 02 ny of chlarovhyil in thc BUURD

'rcacticn mixturc,‘

Cea s T LT B ., i

g - P R e .
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‘ Flcctron microscopy and optical microscopy.--An electron micrograph

N of chloroplast's pmpared under the described conditions was made by Dr.
;‘.‘Danicl Isrm;.on ‘using thc freeze-et chlng technique?® as adamtc& 5‘ or this
| .} “pur;m% by nranton and Puﬂ\.zﬂ_ .
Optlcal nicmvmpxs WeTC: vwfepafcd uéiné_ the. Zelss pj!w.otcmicz-cscog.e
m*xdcr p"xase contrast, | | |

Rcsul ts and Dism%*oﬂ --Intact mm {m hly harvested and healthy

. ',“spinach lcaves-. g“vc u COZ fxmtmn rate of 245 m"vlcs COp/mg Chl/hr.
;(‘hloronlmt‘s p:mparad t}w .mmc day from leaves {rom thc same plants gave
F'A"l"a fmaticn r'xte of 155 ;molm (0z/mg C!*l/dr, "‘hls rate with isolated
| chioroplasts was ootninec over a perio«. of o m’m follow ¢ing 3 min preil~
. lwnmatmm v Thw; the 1solated chloror;lasts for & limtcd pericd of time,

assimilmied carhon dioxide at va rate that was 634 qf the in vivo photo-

. 'synmetic rate.,

’I‘he tota}. carbon dio‘cide ﬁixation éuring various periods of time
is shoxm in quz'c 1.. The rate cf photosynthesis. dcrlmc contzm»ously
mth tfmc of photmynthesi%, and uy ‘30 min is 4C umoles (‘(‘z/m/(‘nl/ Y.

'ﬁm fuauon rate becomcs maxmal with a blcarboxmte concentration

. of 'ﬁ out 3 M (Fi;;ure 2).. The bicamona te level for 1/2 maximm rate is

6 x 10‘4 ’4, compared to 1 1.x 10‘2 M repo*tﬁdzs f’or isolated ribulo%

‘idmhoewhate c&rboxylase (E.C. 4 1. 1 39. Thus, the isolated chloroplasts

used in our cxre*ments resemble ruch more nearly in vivo photosynthesis
Lin «.‘fwir capablllty for carbon dioxide fixm.ion th'm does thc isolated,
i purifloc, enzyw:v which catalvzed the prmarv arbo_xy.;,atmn reaction of

photovynt]*esxs. L

toat

g

'I‘he saturatlon of C(‘z fi uatwn rate with I ght intens ity is shown -

in Fi gure 3



- The nnpcarance of thv ch orop’&st¢ 1n the bt micros cope’with:1
phase Optlcs is %hown in ?1guru 4, It can be seen that "FPTOYlmutol}

75% of - thcchloroplastb are of the class I type (highly refractive

- ﬁ&thout clcar grnna) as uofired by \pancer ang Unt.éé..lt seems probable

T

"that txe bﬂochemically active cblorcplastﬁ ln'our expcriments are the

"clasq I chloroﬁlaﬁtb, which retaln an intact membranc and havn not lost

*soluole prote3n°, A large proporcxow of class I chloroplasts iﬁ not in

'it"elf suffxcicnt tm nraduce amwh rates of CCQ fixation, since Spencer

".fvmnd Unt reﬁorted a rate of 2. 88 pmoleq CO?/mf Chl/br. b

Electron mlCtOgraphs prepafOu using the frceze otcning techn! quc'

[

-

;iwith chloroylasts isolated #s described in this papﬂr are qnown in
”.'Fzyures S and 6, Thcy both show the ulosc atackln; and unswollen con-'

'Ilpuration of the thyla?olds “hich are typlcal of chloroplasts in vivo,

The products of 0y fixation during IU min in whole spinach leaves

are shown in the radloautowraph in Tiyurc 7.. The pool sizes.of inter-

".mcdiatos of tne cnrbon rcduction cycle are rclntively Smull -and the

'-;radiocarbon passes quickly on into laryer pools of various secondary

products such as sucCros e,;alanine, aspartic acxdﬁanc‘oLher amino acids
;n.contrast,vthe rattemn of labeling in isolated chloroplasts, shown

.. in Pigure 8, contains very high amounts of radiocarbon in intermsdintes

 0£ the carhon’rgduction.cycle, particularly PGA, dihydroxyaceton phosf.

- ribulose-1,5-diphosphate are wostly retained in the chloroplasts,

phate, fructose and sedoheptulose diphospbates, and rikosa~5-~phesphate,

as well as in glycolic acid.” Werk in progress indicates that these

‘compounds are transported, or diffuse, rapidly from the isolated chloro-

plasts to the suspending medium, > - .uitv. . Hoxose monophosphates and

labeling of secondary products of low molecular weight is rather °ww11

c?

© ' "UCRL-17035 "’
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Nonethelese » thcre is a simifxcant amount of synthcszts of r’acromolcculcs,

‘as indxcqted by the laroe quantity of rad\oc&rhon found at the origin.



. "UCRL-17035
' , o o=11- - ‘ ,
'"’mis work wasj supported, in part, by the U. S, Atomic Energy Com-

. ‘ms«.mnc :

S ey, L1, poqtdactoral Fellow, No.. z-rz CA-ZS 833 02 (Natlonal Cancer Institute).

lﬂmshm'l, J‘ A ,-.:Ah,w. =»sf.%mso'z, Lorm D rm, Anne 7. Harrls, Aa .

' wilson , and M, Calvin, Js Am, Chem. Soc., 76, 1760 (1954),

5

_ ZCalv:m, M., and J. /\. bassh'ur, The f’i«otoeyntbe sis of Carbon Compoumds

: (1(., A I‘e*:jamin, Inco, New York, 1%4.)

'3H111 R., and P. ocarisbricm, Prcc., Roy . wc, (Londfm), B129, 238

'1(19403. “ o
""*ﬁvishnmc, W.', and 8. Ochoa, \!aturﬂ, 167 7?}8 leSI). |
4. ";"'STolmach L. .J,, Mature, 167 946 (19.)1). o
':TAéArnon, D. 1., hature, 167, 1008 (1951).

3 7Arnon, . 1., M B Allen, and P, R, ld&tley, Natu*c, 174, 394  (1954),
8A11en, Me B., I’)anie}. I, Arnon J B. Capindﬁe, F. Ry Wh atley, and - |

" Lois J, Durhaw, Ju Am. Chenm, aoc., 77 alns (1955).

o »lehatley, F. R., M P. Allen, L. L. Ros onb@rg, J B, Capindale fmd
| Daniel I, Arnan, Biochiz, Biophys. Acta, 20, 462 (1956).

' »lgﬁ‘rebst, Achim V., Ilarry Y “Tsuj lmoto, and nfmiel I. Amon, Hature 182,:
351 (1958). ) | | -
. llhasada, tx., A. V Trebst, mxd I)auiel 1o Amon, g‘“"iol. ("hm., 235, Sgﬁ.

L (1960). S N
'IZCibbs, Martin, and Nona Calo, I Plont Physiol.; 34, 318 - (1959).

13Bm berg;er, E, o., and Martin (n.ths, Plant “hyslm., io_ 019 (196,3)

14 nqlker,zn- Ay Biochem. J., 92, 22C (1964).
lﬁhazacr, D. A., Plant phvsiol.; 40, 1157 (1965).

18iiober, ., md . Tyszkiewicz, J. Exp, Pot., 13, 185 (1962),



m ot B e e

- S

T sl NS A e i AT

LR AETT

i

RN

. . "UCRL-17035
L IS 2

i7jesfroy, So V., Je Ulrich, and ¥, B. Allen, Biochim. Biophys. Acta,

:n-»- X -
112, 35 (18657,

Lt
113 \] [9¥s

A . . - » W " Y o - - :
T ﬁsimp Jo By mé M, Birk, Riochim, Nlophvs, Acta, 20, 553 (136¢d),

19ernon o Tus s:g,, Aal. Chen., 32, 1344 (1960),

B e i

S

A '. .

Vﬁ\

. 2pedersen, 'z‘ A” Martha Rivk, and Jo A, Bass ‘*'mp Physiol. Plantarun,

19, 21“’196@} e )
23, .

*

mcrg Xféo Ko Xw‘fuk.,.e-t rzlc 1Ty e Hald ner, and .A, Frey-liyssling, J. Biophys.

R d

ﬁioc?zcmq’ Gy tf}LM ).D 1 (1861},

-

,:;ranmnp Dey and Re IMM, _ sulmitted ;o ? ( sil. Biol, (18066).

l\}

25“0}:’ .!}-2 ﬂ{o, 4.»5 L’ ziCTQCExQ.\.ﬁ 8«?% 30 2}&1?\1’3«‘&“9 ”?' 2»‘..’!-01 Ch\(‘u.-,,» 2189

L Y. ' 7”_ . ’
“éi})ez"ac.‘-:r, E}c, :md L.L*}t, Au;,t,o Jo I‘uc:hncx., 18, »19/ (1965).



-43-

FIGURE CAPTIONG
;1@U;.g&ﬂzw UCRI,-17035

Fig. 1. Time course of carbon dioxide fixatien hy Isnl,ivx cnlorr;i sts

3

Fig. 2. Dependence of COz\fixatiom.ratc on bicarbonate concentration.

“\
Fig. 3. Dependence of CJ? Fixation rate on lxghu iﬁLCﬂSliV@ Light intensity

»

“given as incident intensity at surface of rmaCann flask, Light source
WaS 2y &nC¢1quc¢n? lamp (ﬁeo text) and was. varied tnrﬁag% the use of

neutral dcn'lty-iilt@rso

AR

L)

Tig. 4. Isolated chgor031¢4 undmr phaﬁe eontrast in tu@ 1ight microscope,

Class I Cﬁ}ﬁfﬂﬁllh&ﬂ appear’ hrk?nt and sthly refractive with an out ter,

limiting m&rhr:nw

Fig, 5. Electron micrograph of isclated chiora'lasts ohtained by the freeze-

24

ctching"ﬁechnique, Thesa electron nzcrogr hs were prepared by

‘

P“ofassor paniel Branton of the Department of Botany, University’of .

Ca Ilfernlag wrnelcyg “and rep*nduced hy his ceurﬁ@sy, Tze chloroplast ’

k
i

A:(P} wath c10$¢1y packed thylakoids is surraundﬁu by an 1ntact cuter wen-

mmbraqw (0. Anotl nr m“mur%za face is 1nft after the frarzurﬂ proceaso

|
e

Fig. ﬁoi. l@cbrnn m*crogragh of isolntod ch]crovlﬁ ts oﬁtatned by the freeze- -
etghinw t‘chniquq@ Part of an intact cnlornpla@t is seen (bottom)., AL

the topare seen remants of a chloromlaw V1th0ut an ouﬁef merbhranc, |

i
v \ :
, ﬂv@ thviu&oiﬁs (1) are still tiﬁhhly p cxu& "Hls nicrcnrﬁ h is repre-

]

seﬁia*jve of & cu&o*mpl 13T prepa rhtiOﬂ whzch gave lOw 0y fixation

>

{Zd wi/mg € mi/nr)

s

Fig, 7. : ;1dioautaqrg9ﬁ of 14&02 pzotcsyn thetic grﬂimcﬁg in whole spinach

-1@@?@55' Detached spinach leavaﬁ vere allowed to f1 1403? for 10 =min
as described in ﬁext“ After } Jllxnw, the lz2af material was cnalyzed

by two-dimensicnal paper 0nrow1t0ﬂrquhy and radicautography. The



'#aterial was avalv od by twe~u1mon'i nal paper chromatography and

,25 1o 74 nlaea 7 - EuyRQSQﬁmvlyceralﬁ@hyﬂﬁ;'ZG - glycolic acid.

A4
: ‘ , UCRL-17035
FIGHRE CAPTIONG (p. 2)_

numhers indicate the following ¢ ompounds: G ~ origing 1 = 3-phos

phoglyeeric acld; 2 - fructese-f-phosphate; 3 - sedoheptulose-7-

phosphate and glucos -~ pmﬁﬂpﬁ 4 - rxbaﬁaso—i,ﬁnnhgﬁo }Eacv
fructose-1,6-diphospha tep and 3@h@wépLh10 se-1,7- diphosphate;

5 - pribose uS«phmgghatc and ribviesews~sh063hate; & - dibydroxy-
:ﬁccmm g}hq:’s;p’;z:i‘ie;. 5 - uridi,ﬁe 4iy .': Mp?msv’! UCOS », 2 - %crmg
10 - malic ocidy 11 - glycoric acid (7)} 12 - citric acid;

15 = aspartic scld; i4 - sevine; 15 - yivazno; 16 - vluuam o acid;

Py
~3
i

throonine; 18 - alanine; 19 - glutamine,

8e RdﬂlOMdLﬂfflpﬁ Qf‘z*fﬂa ynmtws nnhﬁtic products in isclated
wﬂlﬂmﬁﬁ chioro oplasts, Isolated chiazni} sts were allowed to fix ¢

15F“z fuf ﬁ‘minjmﬁm.yﬁf _After killing, the leaf

i

by l ’

£

; o
kadioauﬂcgraphyg Toe rumhvrﬂ 1ﬂo;wntﬂ the same compounds as for
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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.



