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. CCCP wvare found to give ravid inhibition of photosyathesis, accompanied

~ and sedoheptuloac diphos phates to their carvosponding monoghosphmtam
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Transient changes in the levels of intermediatca Qf the photo;yn-

B ,1\

thetia carbou reductxcn eyele inducad hy the additien of varzoum chemical

. compounds to Chlorella g-reroldcsa photosynthesizinp under stcady—state

:conditlona have heen studied, - Vztamin Kes haxylvesorcinol, DCFU, and

>

by rapld changeu in tha lavels of intermediata compound* of the phOtO*

‘aynthetic carbon reductzon cycle. NCHy and ceep produaed affects
, sxmil&r to thoae seen uuring earlior li?ht~darx transient studi@s.

ﬁ”Vitamin Ks producad affeete which, for the woat part. cauld be c<plained .

T

by aaauming a diversian of eloctrons from the pho*oe]actron uransgort

"wyaten to cyclic photoPhcspborylat‘on. soﬂe of ‘the observad resulta'

are bast interprated in terms. o¢ a. xeparat4cn of the site of tho photo—
synthetic cavbon raduot‘on eycle from a aite oﬁ othor mecabollc path- B

WEYS, Heyylreaorcxnol renroducod zome of thv effects of: uach af tHe L

PN .

other {nhibitere studied. The iﬁhlbition of tha canvernion of ‘ructo v

RS

| was not@d with both hexvlreaovcinol and- Vitamin KS..-‘
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" #%The work deecriqu in this puper vas sponsored by the i, S. Atowic J

L

Lnargy Comminsion. . , YU ;1_



. UCRL-11804

-2-

'ﬂuch of the evidence'laading’to the formu]afion'of*the.photosynthetic

carbon reduction cycla (PSCK cycle) was obtaxned from xinetic studies of

the~ in vivo incornoration of 1“00 during pho*osynthesis by unicallulav

-

'vr_algael. Transient chanpes in the levels of labeled 1ntermed1ates in the

’
£,

' cycla caused by the chanpe rrom light to ‘dark? led to. the forwulation of

.

the reduction of . 3-ph0a9ho&lycer1c acld (PGP) to triose phosphate and the
}conver31on of’rlbulos¢-5~phosﬁhate to rlbulose-l 5~ dlphosphate (RuﬁP) as

rekctions requirlny cofactors formed in the 1ipht. ‘The formatlon of RuDP

.

was presum»d to requiro ATP, while the . reductlon of PGA was presuned to
_require“both ATP and NADPHQ. hn transient changes accompanginv the
i'reduction of C02 level from 16 to .003%3 led to tha formulation of the

'carboxylation reaction as a rnaction whlch converts COZ + RuDP '+ H?O -—9

) N a‘y M v o I" l' ' ','
2PGA. N o
L = . N v R K s .

Supporting evidence for.the correctﬁess of the PSCR cyc*e~ha come -

. 1 ' U oY

',from studies of »nzymic activxties obtalned by dioruption of photosynthetlc

-
& ¢ !

cells o However, the lnadequacy of enzymlc activity fbr the catalyais of

5
‘ N A 3

, certain steps in the pestulated cvcle and- the absence of act1v1ty for some

1
1 kS s . . t
- [

steps in certain organiam55‘7 have been used” uﬁ a bu&ls for questloning

. coo

_the fbrmulation of the PSCR cycl In a dlfferent 1nternretatxon, theSe

# ‘4

. ‘

‘ I '\ ey A L

repor*ed enzymlc inadequacxes, tqge?her with certain poculiarlties ln the
‘-ez .

-

'_ reported kinetics of carbon habeling 1n Vlvo, have been cited as ev;dence

forxxhe catalysis of the PSCR qycle by an organized or multlfunctioqal

an7yme system, posszbly utilleqg photochcmlcally-producpd co‘actors other

v v Loa T

-*-than reduced NADPH2 and ATPg The existence of an 1n viva raductivo ~car-

v . . € '

bOxylation reaction has becn sugzested. An intlmate 8tructural relat10n~ ‘

i s . . v .

shlp botween the photoelectron transport systcm located in the chloroplast

v

[}
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. lamellae and hypothetical nultifunctioual enzyme system for the carbon

' redugtion éYclé_has been proposed.

' In an attempt to obtain additional kinetic evidence from the in vivo

system which mightlbeér on thesé-proposals,'we,have undertaken a series_'

of studies to invesfigata'the transleﬁtveffect‘of the addition of varidus
fchémicala‘fo the algae 9hotosynthesizing with 1”CO2 uﬁdér'steady;staté
;.conditions. With the substances which péhatrate the cell rapidly and
 produca 1mmediate effects, ranid transient changea in the levels of
“intermediates of the carbon cycle can be seen, -*hls type of chemlcally—
» ihdﬁééd change in the metaholite concentration provides a more direct
'_kind of information about the mode’ of action of the chemlcal than doeg
the preincubation of the whole cells .with inhlbitor followed by “the
,application of tracer to the already damaged system., Observation of

'the“immediata affeéts.of-a chemiéal on'é steady-state system seems mbra

llkely to provide information about thm primary site of action.

We hava admlnistered chemical compounds known to produce large

'éffectszqq ?he phqtoelectron transport system or photophosphorylation
'.éyséem 1n iwélated,‘orbeQkén; chiloroplasts, 'Notvall guch sub&taﬁces' :
‘producad effects with whola cells, perhaps due to their Failure to pene;"
‘trate the cell wall. - However, ve hav» been able to find several sub= s

: stances which cause cOmplete inhlbltiOn of phbtosynthesis within 1-2 ,» e
’minutes after thelr additxon to the alpae whlch were photosynth63121ng

E under'steady—state conditions. Ve have studied the resulting transient

‘changes in the levels of radioactive intermedlate compounds of the
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It has been found that methjl lip)ic and lipoic acida produce e
rapid reversible inhibitlon of photosynthesxq accompanied by very ravld
transient changea in the levele of intermedate cqmpounds of tha phqto- ;
10,11 ’ '

" synthetic carbon reduction cycle Therefore. we tested several . .

ofher lipid»sbluble compoundc._ Of these substances, hexylresorcinol’ by

' caused rapid inhibition, and the transient changes produced by this -
substance were studled. Ve tested a number of other substances which,.
 vfor one reason of:anotﬁer, might have been-expected to affect photo-

E s&nthesis, but ﬁhese did not qauée‘inmmdiaté'gffeéts.

HVETHQ DS

”{‘The_unicellular‘algae, Chlorella pyrenoidosa, was grown in con=

tinuous culture tubesl?, harvested by centrifugation, washed once, and
- resuspended in the mediun used for the photosynthesis experiment, The -
.madiﬁm for the experiments with DC¥U and CCCP was the nutrient solution:

described previouslyl3, whereas that for experimeﬁts with Vitaminlk and

hexy lresorcinol (HexRﬁs) was 10“3.§ KH,PO, without ammonia or trace metal

ions added. The ﬁﬂ values for all experiments were close to 5.0.
',The algae. suspension (l%-wet-packed volume/suspension volume) wés
' placed in the steady-state photosynthesis apparatus which has been '

described"previoualylq This apparatus has provislon for menltorxng the

- lavels of COp, 02 end 1“C02 in the gas phase of a closed system, in which . '

‘(,tha}gasvis_madg to recirculate through the algae suspension. The signals
from these instrumepts are continuocusly recorded, and from their rate of

't;changé with time and the known volumes of the system, rates of photosyn-

vthesls can be calculated. Because of tha tlne required for equllibration‘

¥

: betueen gas and liquid phases, volume of the gas phase of the system and

T \J.,
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in the instrumeqts, and lnstrument tima cowstants. appreximately 30-60
seconds is required to see sudden changes induced in the rates of photo-
_synthetlc gas exchange.
with each chemical tested preliminary experiments were carried
out to determipa the concentration required to obtain essentlally com=
'_biete’inhibition.. Where such inhibition was bbtained, expeflﬁents with
'1“c02 as a tracer were then performed. Fbllowing a prelimlnary period
of photosynthesis ln 1~2% 1200 2s “coz was ihtroduced and i*s leval and -
: specific’radioactivity maintained so-that the phptosynthe;ic steady state
wag not intérvﬁ;ted. Sevéral 1l nl samplas 6f.éiga§ s;apenéidn were fakén
' 1nto ﬁéighed testltubes'containing ﬁ nl of ﬁathénol fbr'kill‘ng,\in1order,
‘> to establish the steadvnstate lavel of intnrmediate compoundu. After
10 minutes or more of photoaynthesis with 1“002, the inhibitor was aadad
: and samples were then taken pariodically,_as»indicated in the pesults.
(Aliquét éamples of the‘kilied algal nateriai were analyzed by two-
- dimensicnal paper chromatography and radioautography, as previously
‘described??» 1“ The radioectiv1ty of each cOmoound was determined by
means of the automatic spot counterls .
. RESULTS A
The ccncentrationa of varlous inhibitors used in this study and the.

time period required for visibly complete inhibition of photosynthesxs

by illuminat:d Chlorella pyrenoidosa are listed in Table I,
Partial recovery was observed Wlth ceep (10% after 10 minutes),

 %-Hith Vitamin X (20% after 25 minuteq), and thh hexylresorclnol (20%

" . after 15 minutes), but not with DCMU, Since Vitamin Ks solutions

" deteriorate upon standing &t room temperature, solutions of thisinhibitov [’

were prepared immediately beforse use.
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Coﬁeehtrafiqns and Inhibitibn'Péricds‘ff*‘

© v wdooo T, Concentrations N j. Inhxbition T*mes
~Inhibitor . ... . A N TR
- FOR I 105_x Mo Uptaka of C0, Evolution of )
- . (aeconds) ' (seconda)

pewy - . x@ T et 10

ifoitamin Ks o ;jgfioib L 80 ff_‘},;_;,'_sd 

. HoxRes Sra0 w00 Cse o)

'.; & With & DCHY concentratlon of 10”° H, photoayntbesxs was about 05% 1¥5l!}f“ﬂ:!

inhibited within 6 mlnutes and 85% inhibited in 18 mlnutes. At

«

- 10~7 Jet inhibitor ccncentration, there was no signlflcant effect.g;ﬁ'fmﬂ

.

: “;;DCMU i not'blockpraapiration. -

b Tha samﬂ conaentrat*on of nhenazine methc ulfate, a second knawni
catalyst for cyclic whotophosohorylation, was WLthOut effect on

the ratc of ahotoavnthesis. Its addltion 1ed *o the gradual

", developmant of a rich blue color In the mlxture. L




UCRIs+ 14804

-

In addition to the inhibitorm listed in Table 1, the follouiny
-compounds were testad and found to have neglibible effect on -the rate
of photcsyp hesis by illuminated Chleorella at concentrationa up to
3 % io““ H27 ethawol,xnwoctyl alcohol, t-heptyl mercaptan, thioglycollc>
.5facld, trxmethylene dlsulfide magnesium perchlorate, eugenel, phenol,
Qip&rﬁca*ecﬁol, hydro ulnone monomathyl‘ether, l-hydroxy—”—anlno~uav
f nathhalmne sulfonic acid (added as itv potaﬂsium 8alt), the herbicide
"paraqgat"ls, the electron~transfer raagent pyridina~u~carboxylato-'

: p@ﬁtamﬁin@cobalt{III) perchlorate and its Nemethyl der;vatlv»17 Siight
_ inhibition Was obsefvad with p}rocatechol (lOa at 2 b4 JO'“ ®), with |

| resoroinol (BSs at 2 x 10““ 1), and with nydwoquhnone (25% at 2 % -10™H M),
~ but these diols were much less effective inhibltorb than haxyloeocrcinol.
Figuves 1 and 2 uho*«: the levels oi‘ the various labeled ccn.pounds

‘ obtamna@ from gamples taken during the DCHU experiment;\Flgures 3 and &
indicate the corr&ﬁponding data for the CCCP experihenf. "ﬁiﬁromol@s of:
en gesignates tﬁa-tdtal quantity of céibom (aé measufed'by theq;“c

| le?@l) incorporated into the varlous species aftér intreduction of

~1“CO2 " _ | f . . | _

Tha chang@s in 1“6 labeling pattefﬁs ¥eéuiting.fféﬁ additiéms 5§;v |
'these two inhibitors are very aimilar, and both follow tlosely the .

'wnchan&es obSarvad-when the light is turned off during the_light~dankf

' transient studyl3, As'when the 1light is turned off, tﬁe sddden‘risé'

L’in the PGA level is si&nificantly greater than the drop in the lavel oF
‘~ribuloae diphasphate° and there is an equally Sudden dro9 in fructose
'diphosphage. The UDPG level (not shown’) Ppmalrs very nearly conwtant.

Among the‘monophosphates (Figs. 2 and 4), the addition of DC%U or CCCP
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(or turning off'tﬁa light) causes the level of’glucesa phosphate to
»incfease while,.at the same time, the levels of fructose and éedo~
heptulose monophosphates decrease.,'

| The levels of fhéivarious labeléd compounds derived from the inhi~
bition éxperihent with hexylﬁesorcinol are shown %n Figurss 5 and 6. In
éommon with the pravioﬁsly mentioned inhibitors'éﬁd with the light-dark
transients, addition of hexyiresordinol causes a shérp_fiae iﬂ PGA |

level and a sharp drop in the level of ribulose diphosphate. fSimilafities
are‘also.founﬁ in the patterns of changes of sugar moncphosphates.
'.However,'the levels of fructo&e and sedoheptulose diphcspﬁatﬂ; after a

' very slight drop immedigtely fbllowing the addition.of the inhi&itor,
rise steadily to values very much larger than their 3teaay~atate 1evele
before inhibltlon’ This featurae is simllar to that obse“ved in exmeri—
nents with Vitamin X, described below. However, thﬁ inhlnition by
',hexylresorcinol, the 1evels of sedoheptulose diphosghate becoma cowaarable
to those of fructose diphosphate, whereas with Vitamin X the fn uc*osa
dipho0phate lnval is by far the lar?er. . |
The pattern. of changns acrompanying inhibition Dy Vltamin X was

quite differant from that cbservad with inhibitors of'the other classes,
v Figure 7 shéws the fadioaﬁtograpn of a two~diﬁénsional'chromatogram of a
éample taken from tﬁé'réaction mixture and killed 11 minutes after aﬁdi~"
tion of‘vitémih gs. :NOte the heavy gtfeak 6fvlabeled polysa§ch§ride

: l}ing algnguthe lowef edge of the chvbmat;géam and codlescinw with the
Iorigin. This feature is generally absent from the previously described
-’inhlbltion exp»rlments. unless an extended pariod of time was allowed

Cto elapse between the addition of radiocarbon and inhibitor. At the Aa%
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same.time. activity in the sugar moncnhosohhte'areaAis unusually liyht,'
in contrast- to experiments wlth other innihitors in which a major fraction
of the added vadiocarbon is found in various sugar monophouohates.

‘u'Finally, there is an addmt;qnal spot; lying near the sugar monophosphate o,

_} ares but cIOSQrAt;'the origin, thvh hes net been feporred.in inhibitor
vstﬁdies of this type;»‘Tbis was ide ified as 6~phospﬁoylucon1c acid by
.:coch;omatOgréphy with an authentic sample of this acid, The unlabeled
‘phosphogluépnic aéﬁd wss located by Sprayiﬁg wi:h'the'ﬁanes—rsherﬁood
| solution18 and exposing‘t§ suniight. This acid did not appear in samples

taken bemre ‘addition of. V*‘tamin K, B | |
P¢gures 8 aud 9 s\ou the levels of 1abeled sugar monophosphates and diphosphates
from the Vitamin ¥ expe*iment, and Figure 10 1ndicatos the levels of |
diphcaghatea and PSA. The most striking feature of the monophOSphata
~curves is the very sudden érépuin the levels of‘glucosé;is;dohépt&lése,Vléﬁ
' and fbuctose monoohouphates during the fifﬁt'minufg‘aftef addé;fon of |
inhibitor The sugar dimbo*pﬁaten show a raoid dron in the game period,
but it is followed by a rise yuich‘isvvery largavfor‘fnuctcae diphosphate,
smaileﬁ for<seéohepfulose diphospﬁate,-and only temporary (and not always
/'obsgrvad) for ribulosévdiphosphate.‘ PGA ineressss rapidly'whilé all the
sugar pﬁosphatés aré falling; then EGA falls while fvuctosé dlphoaphate

"~ (in particular) tises. About 30 soéondS‘affer éddifion of the inhibitop,"~

| the combined 1av§1dvof fructos e mono-~ and diphosphates are! only about
50% of the fructese dinhosphat» level late in the ewneriment‘; Phospho-
. giuconic acid appears a few seconds aftev addition of the 1nhxbitor, and |

ribose phoaphate graudally builds wup untll, 1u minutes after inhibition.

1t has become the major component in the monophosphate mixture., Measurableigi_
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levels of ribulose monophosphate wera found in samples taken six or

N

‘more minutes after addition of Vitamin K. - These are not shown in - A
Fizures 8 and 9, but were, in all cases, about one-third of the levals
of ribose menophosphate.
DISCUSSION
The translent changes in concentrations of metabolic intérmedigtes’
induced by‘tﬁe‘additicﬁ of CCCP and DCHU, which are very similar to light4 .
dark transieﬁt changes, pfovide.a useful standard against which other
 types of chemleally induced transient changzs may be’ compared. The -
.light~dapk type of transients are charadterizedfby_a rapid drop to zero
concentpatieﬁ of:ribuloséAdibhosphate. This drop may reasonably be
-presumad to resulf from the'dé§letion'of ATP or éﬁ equivaleﬁt form of
higﬁ-énérgyléhoSéhate compound derived froﬁ the photcph§s§hqryl§tion
‘ reaction.of photosyntﬁesis. The same depletion of ATP or ifs‘éQuivaleﬁt
can account for the rapid traﬁsitor? rise in PGA,:Since AT? is required
in fhe Initfel) ster leading to the reductiqn.of'PGA.A The assumed wuacoupling
Qﬁléhctqphosphcrylation by CCCP thus could be expected to give’thg light~
vzd%rk'téansient affects In the case of DCMQ, interruption of the flow of
" ‘electrons fro& water to NADP must be aéépmpaﬁied by cessation of noncyclic
,fbhotophosphorylationlg, with a coﬂéequeﬁt_light~dark type of transient.
'Apparenfly,'tha interruption:of.this“flow of electrons' from water to
B NADP‘EBVXEXEMd93$ not result in a-greatly aééeléfated qyclic éhotophos;
-}phofyiation. ‘Such cyclic5§hétophoséhoryl&tion; éeéﬁ in the .experinents
3 with Vitaan_K, rasuits.in a,gréaﬁlf étimnlateﬂ,synthesis of oligo-

L “

”gsgccharides, pol?saccharides,;and this synthesis {s not seen in the

L)
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- The éffécfsbén-the_ébnéentration of phoﬁosynthetic intermediates

,producéd Syvhexylresorcinol resemble in éome respects.the light-dark
| ffpe transienté inducéd by CCC?'and the DCMU, but are markedly differeﬁt
in other resgeﬁts; The tran&ient rise and fall in PGA characteristic »
‘[of th; Jight~dark translent isvagaiﬁ seen, Ribulose diphosphate level
fallQ rapidly, as inlthe case of the light=~dark transient. . A more Pro-
L nounced diffetencé is*éaén in the behavior of sédohepfulose and fructose
:diphosphatea. The levels of these sugar dinhosphates rise very markedly*
during several minutes following the addition of the inhibitor, while
‘the lavels of the corresponding monophcsphatea drﬁp-appraciably; This
'apparant inhibition cf the conversion of yruatose dxnhcsnnatc and sedo~ -
heptulose diohc%pha*e to the corresnonding monophosphates of thess
Asugéra has now besn seen with several seeminwly unrelated inhxbitors; ‘
For example, lipolec acmd and other fatty acidle’ll Jnhlbxteu the cou-
| version of fructose and aedohantuloqe dlphosphatem to thair monopnos~'»
phates. In thg case of‘Vitamin K, descrlbed in this report, the levals
of frﬁetéae and-sedéhaptuloea diphosphates dipped momentarily and then

- rosa markedly at the same time that the levels of the monophosphates
'.are dbcreasing. There is no obvioua reason why such diverse chemicals

; should'effe;t_the removal of the phosphate gfohp 6h carbon atom,numbér'

'ona Qf thase sugaté; lt:méy be that the eﬁzyme System;respodsible fov
:' t5e«removal of fhis phosphate groﬁp is i{n some wéy closely assodiated_f 

" with a lipoprctain or lipid membrane surface, In this case, the intro-

o duction of such l&pophyllic substances as fatty acid and hexylrasorcinol_

.'might alter this enrywic activity. On tho other.hand, it can be seen
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that the principal effect 6f Vitamin X iﬁuiiiﬂ aeéms to be a diversion
of electrons from the photoaiectron transport system and a stimulation
" of cyclic photophosphofylation. Perhaps one or both of these actions"
- is related in some:way to an inhibition of the'removal‘of the phosphate
- group on carbon atom number one of ketosae sugars, |
| Vitamin K has long been known to be an effective Inducer of cyclic
-'photophosphovylatzon in whole and broken cﬁloroplastszo The transient __‘
' chanpes and complete inhibition of photosynthesis produced in this study
j by the addition of Vitamin Xq4 suggest that it is an effective 1nducap of*
v  cyclic photophosphory;ation in vivo, It appears_tc have diverted electrons
from nonecyclic flow éince-tﬁére is evidence of complete disbupﬁion of the
‘opera:ion of.the carbon reductién cycle in spite of high levels of ATP.
The first indicatlon of this diversion is the initial rise in level
of PCA. We interpret this riée as a partial diversion 6f electrons away
from.the reactions responsible for redﬁétion‘of ?GA.- However, this
reduction of PGA to triose §hosphate, with subsaquent'formatioh of
fructose~l,6-diphoaphate does not stop until two miﬁutes or mdré have
elapsad after addition oflinhibitor.‘ This;delay in.reaching completé .
inhibition of the reductive reactiOn is evidenced by the.rise in level
'df fruétosaul,éédiphosphate'fsr two minutes.
The .fall in PGA subsequent to {t3 rise in_théicése of Vitamin Kg
 addition, as:well as with CCCP, DCMU, hexylresorciﬁﬁl; and the light;dark
) tranéients, probably is due mainly to the éonversioﬁ:of PGA to alanine
" and other aﬁino.acids Sy normal, photosynthetié éeéctinnsQl.
The greatly accelerated formation of oligosaccnarides and poly-- 

i

saccharides indicated by the appearance of these compounds from thev
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'rédiochrOmatograms'shéwn iﬁ Figure 7 indicates a high level of férﬁa-.

tion of ATP op other hiyh energy.pﬁosphafe comﬁdﬁnds. It ia probable

_ that this syntheais of carbohydrateu accounts fov nost of the very

raold drop in glucoae~6~phosphate produced by the addition of inhxbitor.v
The oxidation of glucoae-&—phosgh;te to 6—phosphoglucon‘c acid and

to ribosaos-phosphate in the lighg provides strony evidence for an

~abnormal cqnversion'of NADPH, to its oxidized form. This oxidation

‘occurs more slowly than tﬁe inltial transiéﬁts. .Thé iaigé rise in the

 leve1 of ribose-S-phosphate at a tlme when photosynthesis is completely

inhibited and when there ia presumably a hiph level of ATP requires |

t:that this'formatiqp of rlgosgns-phosphate be at a site separated From

~ the carbon reéuction cycle., If the ribose—sfphésphate waré formed at

the site of the carbon reduction cycle, fhere would séem to be no reason

why it would not be conve%ted to ribuiose—S-phoaphaté, phosphorylated

fb give ribulose~l,5¢diphosphat§ And then carﬁqu;ated:to glve PGA.

~Thus, its accumulatién would not occur.

_ Thg location of these diffarentAsiteé, and the maghanism for trans-

Fer of material and energy from one to another, are interesting subjects

for speculatibn. 4For'our present purpoéeSfitlis sufficient to state that

thesse kinetic effects suggest the separation of the enzymic system . .

' respcnsible for the operation of the primany carbdn reductlon cyele of

LN

: ‘photoeynthaais.from sther biosynthetic pathways.  Whether this separation ;'

is between chloroplaét and cytoplasm,:betweén 1ntebiamellar stromavand-'

- extralamellar stroma ﬁithin the chloroplasx; or betﬁeen scme other as .

Yo

yet unknown compartments remains to be seen.

&
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‘,:MJYJ';JQ;
The in vivo inhibition by Vitamin Xs . is sean to be the result of
vupsettina the balance of cofactor" Supvlied to the carbon reduction
»v,cjcle by the photoelmctron tranSport mechanism due to the stlmulatlon of

?.

?fexce531ve cyclic photophosphorylatlon, at the expense of noncyclic'> *v

lectron transport.»’f[ ;.['Y~'! _’i '5-;,1 :;”v‘ ”v f ‘;j.;"

Tf Vitamin K5 functlons at 1ower concentrations as a natuval

,'of the ATP/NADPH2 ratio.'
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FIGURES
Fig; 1. Transiant~0hangés in Concentrations of Intermediates of the

' Photosynthetic Carbon - Reduetion Cycle Cauzed by Addition of DCMU, .

Fig. 2. Transient Changes in Concentrations of Intermadiates of the

Photosynthetic Carben Reduction Cyele Caused by Addition of DCMU.

Fig. 3, Transient Changes in Concentrations of Intermediates of the

* Photosynthetic Carbon Redgction Cycle Caused by Addition of cceP.

Fig. 4. Transient Changes Iin Concentrations of Intermediates of the

Photosynthetic Carbon . Reductlon Cycle Caﬁsad by. Addition of CCCP.

figs. 1«4, Levels of 1“C~labeled'compounds in inhibition axperiments
‘with DCMU and CCCP: o, PGA; e, glucose~6-phosphate; ‘
., fructose~6-phosphate' 4, fructose~l B-dithSDhate;

A» ribulosa—l S-diphosphate, o sedoheptulosea7~pbosnhate.

(It is suggested that Figs. 1-4 be placed on 9ne page.)

- S . .-
. o
w

: Fig. 5.. Transient Changes in Conccntrations of Intermediates of the '

-

Pbotosynthetic Carbon’ Reductxon Cycle Cauoed by Addition of Hexylre°0rcinol‘ -

€

Fig. 6. Transientkahangegpin Concentrations"of'Intermediates of the

; Photosynthetié Carbon Reduction Cyele Caused by Additien of Hexylresoreinol.

Figs. 5-6. Levels of 190~1a$eled compounds {n inhibitioﬁ e#periméﬁts
’ "with hexylrésorcinoi: o, PCA; @, glucose-G-phosphate;
YVH; fﬁﬁqtosé—ﬁ-phosphate; A; frdcto§e~i,6-diph05phéte;'
As ribx.xlose—l,s-diphosphate; o, sedohépfulose-—7-phosphate;
.o, é-phonphogluconic acid; 0, z-ibosa-s-phosphatag X, ‘Bado~

- heptulose—l 7-diphosphate.

%
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FIGURES (Continued) -

Fig. 7. Radiochromatogram of Photosynthetic Intermediate Compounds

A

‘from Chlorella Following Inhibition bj Vitamin K5.'

Rédioautographvef a two-dimensional paper chfomatogram'made

from Chlorelia pyrenoidosa which had photosynthesized for 15 minutes

in l""COZ prior to addltlon of inhibitor and had remained in 14c0ﬂ for

11 mlnutes after the addltion of Vitamin KS.

- Fig. 8. Transient Changes in Concentrations of Iﬁtermediatgs'of the

Photosynthatic Carbon Reduction Cycls Caused by Addition ofvvitamin Ks;

Fig. S Transiert Cnanges in Ccneertratxons of Intermadiates of the

Photosynthetic Carbon Reductxon Cycle Caused bj Addition of Vltamin Ks.'

. Fig. 10. Transient Chanpes in Concentrations of Intermediates of the

zPhotosynthetic Carbon Reduction Cycls Caused by Addition of Vltanin K5.

3
L

Figs. a»;o.,fLévels:of 14¢- 3 abeled compounds in inhibition experimepts
wifh ?itamin K;x o0, PGA; o;.pluéoSe-s;pho phate‘
.ju. scdoheptulose-7~phosphate; =, fructose—6~pboophate-
' As ribulose-l,o-diahosphate; A, fruetose-l B-diphosphate-
O 6—phosphoglnconlc acid; v ribose-s-phosphate; Ky sedo—

',;heptuloae~l 7-d1phcsphate.,



» ' ' : ( ',

- Fig. I, k. s, Could & J A Bassham. Inhlbltor Studies 01 the

_ Photosynthetic Carbon Reduction Cycle in Chlorella pyrén01dosa
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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.








