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' DI-TERTIARYBUTYLNITROXIDE, A PARAMAGNETIC HILL REAGENT

ABSTRACT

Di- tert1arybuty1n1trox1de (DTBN), which we have tried

to use as a trapp1ng agent to identify the species giving

. rise to the photo-induced EPR signals in photosynthetic
" ?  materia1s; functions as a Hill reagent with Spinach chloro-
h 'vf_jlp]asts; Evidence is presented which indicates that the
'f,‘iﬂreduction of DTBN is effected by photosystem II of the
l?i:électrbn transport system of Spinach‘ChloropIasts; The
“reduced form of DTBN, the hydroxylamine, undergoes a photo- ; 5
:f oxidation W1th spinach chlorop?asts; Possible explanations
"’.of'this apparént inconsistency are presented. A product
'“7wh1ch could be ascrwbed to a chemical COUp11ng reactmon
| -f'between the nltroxide and the rad1ca1 Spec1es giving rlse
.un‘ f;f to the photo induced EPR sfgna]s 1n spinach ch1orop1asts

':?l gjwas not detected -even using radiaactive tracer methods.
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{NTRODUCTION

Since components essential for the reduction of carbon dioxide

i to the level of carbohydrate are essily removéd from.photpsynthetic '
' i'organﬁsmsg it is'necessary_to accepf_ofher criteria fok the demon-
; stratibn'aﬁd study of the photosynthetic'actiVity'of ﬁubeceliular
-% partic!és iso!éted from these Organiéms. One common probe is the .‘

L "HITY réaction" which involves supplving an exogenous oxidant to a

suspension .of such particles and monitoring either the photo-reduction

of the oxidant or the photo~proddction of oxygen. QuantitatiVe studies

~are difficult because of the methods used to monitor these changes.

The photo-reduction isvnormally followed by spectrophotometric

techniques which are complicated by the light scattering and ab-

~ sorption by the sdspended pértic%es. Thé production of dxygeﬁ is

fo?]owed'by manometric or electrolytic techniques both of which are

toMplicated by oxygen uptake and by the reduirement Of a rapid ex-

change between the suspension and anothek medium.

This péper demonétrateévthe existence of a Hill oxidant whose

,reduction can be monitored by electron paramagnetic resonance (EPR)'

-_W1th this method the optical and dwffuswona] propertves of the system fﬂ -

cause no Tnterference with the measurementSO
In an ear]wer commun1cat10n (1), it was shown thét di&ertiary;>
butylnvtroxmde (DTBN), a stable free radical, and 1ts reduced form

dp&ertv&nybutylhydroxylamine (DTBNH) both react photochemwca]]y with’

,spinach ch!orep}asts Since the reaction of D?BNH was a photochemical’ o
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oxidation to the nitroxide as evident by EPR and since the oxidatioﬁv
prodﬁéfé"of DTBN could not be detected in the reaction mixtures
following the_destruction of DTBN, it was tentatively concluded that ,
| DTBN coupled chemically with photo-genefated rédica]§ in chioropliasts. ¢
'Further‘investigatioh of the DTBN reaction in chloroplasts proves the

pre1iminary conclusion jncorrect. In this paper evidence is given

which shows that DTBN is reduced to DTBNH photosynthetically by
light system II of the chloroplasts, a conclusion drawn by Weaver (2)
. from obser?ation of the_disappearancé of EPR signal of a different'
s nitroxidevradicai'ﬁfth whole Chlorella.

S1nce the completion of thxs work , add1t1ona1 stud1es ‘with other
n1trox1de radicals and biradicals indicates that ‘the behav1or des—=
cribed above for DTBM is not general for th1s ‘class of rad1cals.
'Preliminary data 1nd1cate that under some CO"th?OﬂS certa1n of

' these rad1cals do not act as Hill oxidants.

'MATERIALS AND METHODS

DTBN ahd di—tertiarybutyihydroxylamine (DIBNH)-were.preparédr
,.': acéofding fd thé prbcedu}eg of Hoffman'(B); The startihg‘materialg
Z—methy?Fz;nitroprOpane, was prepafed according'to Kornblum (3)
© . from tertiafybutylamine supplied by'Matheson; CoTemén and Bell.
~ Radioactive DTBN was synthesizéd fol]owing-the procedures of Ritter
~and Minférw,(5) Kornblum (4), and Hoffman (3), from’ e, tert1arybuty] |
. alcohol supp11ed by New England Nuciear Corporation E; I. du Pont

de Nemours and Company and K & K Laboratorves SUpp11ed the |
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3-(3,4-di'cmoropheny1)-1,1-’dhﬁethy1 urea (DCMU), ahd 2,6;di chloro-
pheno]indophehol (DCPIP), hespectively Sa11cy1a1dox1me wWas pre-
pared and- pur1f1ed accord1ng to. reference 6

_ Ch?orOplasts were isolated from commerc1al sp1nach ]eaves
écCording.to the method of Park and Pon-(?) Following their iso-
1at10ns, the ch?oroplasts were treated in one of the fo]]owwng ways:
v,l) washed three times with buffer (phosphate buffer, pH-6.8 in 0.5 M
”vsucrose) solutions; 2) allowed to age in a cold room (0°C) for 3 days,‘
- or 3) ruptured e1ther in dwstwiled water or in O 05 M sucrose buf«
fered at pH 6.8. Ch}orOplasts ‘treated’ in one of the;e three ways
"will be referred to as treated ch?orOplasts in this paper, '

The chlorophy1l (a + b) content of each ch]orOplast suspen31on
was determ1ned accordwng to a method of Vernon (s, equat1ons 7 and 8) o
The concentrat1ons varied between 0.5 mg to B 5 mg per ml of suspen-
sion‘ DTBN concentratwons were determ1ned from opt1ca1 absorpt1on
Spectra having assumed the extinction coeff1c1ent of the nwtrox1de . ‘
"1n our so]utlons to be the same as it is in water (a =9.8 at. 420 nm).
In attempt1ng to ascerta1n the effect of a particular pertur-
| bation or chemical upon the n1trox1de-chlor0p1ast reaction, a controih

" which showed the destruction of the nitrcxideﬁwith.the ch1or0p]ast'f‘

-~ 1or fragment preparation in question was compared with an identical -

sampie which had been subgect to the perturbation of 1nterest or:
: which conta1ned the chemxcaY of vnterest Thms was requ1red because
the quantxtat1ve actwvity of the ch?orop}astS»var1ed from preparatjqn'ff'

 to preparation. Each set of experiments was repeated several times,




-6~

The EPR data were obtained with an x-band spectrometer (9.5 GHz).

The microwave power was non-saturating for the concentrations of

nitroxide studied. The modulation amplitude was 0.31 gauss, approxi-

mately 1/3 the line width of DTBN at the concentrations employed in
these experiments. |
A 1000 watt, 115 volt G.E.vprojectton lamp (tungsten filament)
was usea to illuminate the EPR samples. The tight from this source
after having passed through a water bath 1-1/2 inches long, which
contained flowing water and an infrared‘fitter, was passed through
additiohat filtersd(Corniug 1-69 and”3;67) and fotUsed'pnto the |
samples through-slits invthe'EPR.cavity. This filter combination
essent1a]1y removes 11ght of wave}ength less than 5400 R (Inten51ty
= 7,0 X 105 ergs/cm sec). |

: Measurements of oxygen evolution uere made with a warburgv
‘apparatus Flask constants were ca?culated hav1ng assumed the
so}ubi11ty of oxygen in the sucrose buffer equal to ‘the so]ub111ty
of oxygen in water at the proper temperature (0.31 m 02/m] liquid

at 20°C)_for the conversion of cm pressure to m1cromo1es of 02.

Product ana!yses were performed on reaction mixtures containing

substrate amounts of DTBN These mixtures,‘some of which were ex-

- posed to t1ght and some kept in darkness, were separated into chloro-

piast-pellets and water.supernant by centrifugation. The pe]lets
'were extracted with cold methano]l (0°C) in the dark in a cold room. -

The water supernant (or an ether extract) and the methano]

extract were anatyzed by thln 1ayer chromatography (TLC) uswng sm!wca

: ge] G supptted by Warner Chwicott Laboratorwes° Dxethylether,

L&

i
|
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'petroleUh ethe#~tertiarybuty1"a1coh01 in»a ratib Of'1605100?5

fresh]y prepared, was tho solvent system. Th1s svstem was modw—
f1ed by the addit1on of 1 ml of acetlc acid to 265 ml of the
m1xture. The 5111ca th1ckness was 5 mm spread from a slurry con-.
taTnvng x grams to 2x ml of acetone f Radxoautograohy and zonal
mapping were employed When 14c. Tabelled DTBN was used. A Packard.

Tri-Carb, »iwquwd scintillation spectrometer, Model 3375, was em-

ployed to assay rad1oact1v1ty

The gas phases of these reactlon m1xtures were analyzed by

' ’vapour‘phase chromatography (VPC) on a molecu1ar sieve 5- A olumn_

at 55§C with a he1ium f?ow rate pf 12 mi/min. The‘temperatare:of

injector and detector were 180°C and 250°C, respectively.

RESULTS

As ‘was reported earlier (1), a photo- deétruction of DTBN as

monltored by EPR is effected by fresh or aged chloroplasts or ch]oro- .

‘plast fragments. When mixtures containing freshly isolated ch]oro—,_f”

plasts or fragments (fresh or aged) and substrate amounts of DTBN

‘are examined in a Warburg apparatusﬂ‘the pressures in the systems

increasé Tvpicai resuits are shown in Figures 1 and 2. Included

in Figure 1 are the pressure varwatxons observed in. samp}es conta1n1ng,,“

chlorop%asts with only buffer and wzth KaFe(cN)sg a known H11] oxw—"' 

dent: The sqmples contaunxng DTBN or K3Fe(CN)5 resu!t in 1ncreases

of - mo]ecu%ar QXygen -as evxdenced by VPC (see Figure 3)9 the samp%e
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with buffered ch]oroplasts, a decrease in oxygen. The oxidation
products of DTBN, isobutylene and 2-nitroso-2-methylpropane, are

not detected in the atmosphere of samples containing DTBN.
(Insert Figures 1 .s:3 ° here) d'

As shown in Figures 1 and 2,'after approximately 100 to 200
v.mfnutee of 1ight exposure, oxygen production in these systems stops.
When chlorop]ast su5pens1ons are exposed to whlte 11ght prior. to
“the addition of DTBN, the initial rate and the max1mum amount of 0,

produced decrease ‘the extent of decrease depend1ng upon the Tength

' of the pre- .i1lumination perxod When the pre111um1natwon is 100 to

200 minutes, no oxygen product1on is observed.

When the initial concentration of nitroxide 1s var1ed the
initial rate of oxygen production, the amount of nltrox1de destroyed
aod the total amount of oxygen produced also vary and in a.linearff
manner to the 1n1t1a] DTBN concentrat1on F1gure 4 shows the varia-
twons of the amount of nitroxide destroyed 1n ‘the light (dashed l1ne)

~-and the amount of oxygen produced as a funct1on of the initial con-

- centration of'DTBN The ratio of the slopes of these two lines - the

ratio of n1trox1de destroyed photochemically to the moles of 0,
produced e fs 4,6. No correction of the data shown in Figure 4 was
" made to account for the uptake of oxygen by. the chloroplasts (see

Figure 1).

(Insert Figure 4 here)

B (,t
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DCMU poisons the photd-production of pxygen and”the'photd—
destruction of DTBN. However, it has no effect upon a dark des-

truction of DTBN which occurs in these systems. These effects are

‘shbwn'in Table I. Alse presented in thisrtabie are data obtained

with'DTBNH included in the suspensions DTBNH dpes not act as a
1111 reagent as evidenced by the lack of oxygen product1on from
DTBNH-chloroplast mixtures. DTBNH does not a}ter the DTBN- ch]orOplast
reaction. Howevér, the photoioxidation.pf.DTBNH'doesfoccur'in'Samples

-6

containing both DTBN and DTBNH (c. 7.5 x 107 moles in data presented

’in:T@pTe I1). Th1s photo-oxmdation is also inhibited by DCMU,

(Insert Table I here)

F}gure 2 shows a comparwson of the oXygen product1on observed

'u51ng DTBN wvth freshly 1so¥ated chloroplasts, fresh fragments and

aged fragments, The amounts of nitroxide destroyed in these samples
in the dark and dur%ng 111umtnat10n and the quantity of photo- produced
oxygen are tabulated in Tab!e I1. As can be seen 1n this tab!e the =

amount of DTBN which reacts in the dark decreases when the fragments l.;

~or chiorup@asts are aged in a cold room, This effect can also be -

obtained by repeated buffer washings. The quantities of oxygen '; -
produced g1ven in this tab]e are not corrected for oxygen uptake
which increases with age of the ch]ornpiast or fragmonts The rate

of oxygen production in the sample conta1ning aged fragments Just

_compensates for. rate of oxygen uptake,

(Insert Table II here)




‘in ethanol. Coféhromatography was performed.usingftwb different

"solvent systems to develop: the chromatdgrams'i Thé unknown'product in
" (DTBNH) in both systems

' samp]es kept in the dark indicating that the dark reaction is also

_radioactive DTBNH. The latter was detected by phogphomolybdic aéid

-10-
-Product.anaiyses of DTBN-chloroplast réaétion miitures using
radidactivé DTBN and thin layer chromatography yield radioautograms
ahd Z§n§1 maps showing the presence of only two'radioactive compounds.;v ?
This }esult is obtained whether fresh éh]oroplasts, fresh fragments'
or agéd“fragménté are used. Typical resultsvaré_shownﬂin»Figures 5

and 6.

(Insert Figures 5 and 6 here)

14

14C.DTBN, the other

'Qne'of these radioactive compouhds is c-

DTBNH. These 1dent1f1cat1ons were obta1ned by co- chromatography of

14

the water phases of the reaction mixtures w1th C-DTBN and non-

the react1on m1xture exh1b1ted an Rf 1dent1ca] to the hvdroxy]am1ne
. Sma]l amounts of DTBNH are a1so detected'in DTBN ch]oroplast
a reduction of DTBN- DTBN is reduced in thro by sodium ascorbate,

whvch 1s probably the reducing agent in the ch]oroplasts which effects . {ﬁ

the dark reaction of the nitroxide.

Shown in;TableAIIi are typical ef?écts'upon the phdto—inddced

: decay.of.DTBN by the addition of.varidus.chemica1s”to DTBN—ch]Oroﬁlast; :
| ‘j’mixtUréS Onﬁy those data enc]osed in dashed ]1nes ‘can be compared |

"for they contain identxca? chloroplast preparat ons. As'can be seenv, -

‘~':‘M(1nsert Table.III,héﬁe)il.l_uﬂéi"(
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in this table, DCMU, whith:trdncates'electron'flowAfrom HZO’ tbtaf}jI
inhibits the DTBN reduction. " However, the addition of reduced DCPIP,
which~fs khown to contribufe-é!ectrons to phofOSysfem I of DCMY
poisoned chloroplasts, does not 1ift the DCMU. inhibition of DTBN
destrdttion Thws 1nd1cates that DTBN is reduced by a component o
oxidized by photosystem 1 and reduced by photosvstem IT of the chloro~
plasts. The DCPIPH used was obtained by KBH4 reduction of DCPIP -
since DTBN reacts with the reducing agent normally used, sodium '
ascofbate, but does noﬁ,react'with'KBH4, The partié! inhibitory
effects of the Hi?? agents, DCPIP and'K3Fe(CN)6,'are‘due to Cdmpeti—v

- tion for electrons suppl.ed by HZO or to a dwrect react1on with tha

reduced form of DTBN resulting in a net decrease in the rate of DTBN

reductwon

The two other treatments which cause an inhibition of the photo- -

- destruction of DTBN by chloroplasts are the extraction of the.chloro-

fpiasts with' heptane and heat1ng the chlorap!asts at 100°“ for 15

m1nutes.' Heating the ch]orop]asts for 15 mvnutes at 60° has no effect
upon the photo- reductvon of DTBN. N

A product which couid be ascribed to a couu?xng react1on between s

the nntroxvde and the radical species whlchvg1ves rise to the photoe- |

induced EPR signal in spinach chloroplasts was' not detected. Unfor-.

tunately, the most sensitive methods used for the detection of

products (zonal mapping and radioautpgrabhy) were not calibrated tqtff'
yie?d quantitative data However, in samples containihg ca"7% of-'L

the orwginal MC‘»DTBN an 1ntense darkenvng of an X- -ray fiim caused o

by thws DTBN Was omservad in 58 hourso‘ If on]y l% of the or1g1nal
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MC—DTBN had been involved in avcoup]ihg reaction, the product of
this reaction should have caused a detectable‘darkening of the film,

especially when three-week exposure times were employed.
. : 3

DISCUSSION

Thebfesults reported in this paper show thatvchlorOp]asgs sen-
sitize a bhotonreductieniof d?tertiafybuty]nitrokide to.the corres~
pondihg‘hydrOXylamine. Oxygen is produced concUrrent]y in a ratio
of appreximately 1 mole of oxygen evolved to 4 moles of nitroxide
reduced. - The resd]ts are consistent with an interpretation that
DTBN'}eddcfion'is coupled with photosynthetic electron transport
and that the oxygen evolved orig1nates from water which is oxwd1zed
- photosynthet1ca]]y
| That the reduct1on is effected by photosvstem II is suggested
by the fo!low1ng observat1ons 1) DCMU whlch truncates photosynthetfc -
e!ectron flow between water and photosystem I, 1nh1bits the photo-

B reductlon of DTBN 2) P1astqu1nones are thought to be 1nvo]ved in
- the cha1n whvch COUples the two photosystems; when these are part1a11ye"
extracted from chloroplasts, ‘the rate of destruct1on of DTBN is de-
ereased, -3) KBH4 and the reduced form of DCPIP which reduce plasto-
VE quihones cause a reduction in the destruction rate. _4) The reduced (
f% form of DCPIP, which is known ie effectrthe'photosynthefic‘reduction ' eA' ”
I'bf‘NADP via-phofosystem Iin DCMU-poisonéd h]erbpiasfs will not o
Eift the 1nh1bvtvon caused by DCMU upon the photo- ~destruction of DTBN
The photochem1cai reductwon of DTBN is accompanled by a dark

reaction whfch aise wnvolves tne reduct1on of DTBN° TheYSpeczes .
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within the chloroplasts which effeéts the'défkireaction of DTBN can
be revoved from the’ch?orOpigsts by washing, égings_orjrupturing
them. The rate of thé'photoéhemica} reaction Senéiti;ed by a parti-
cular chloroplast preparation is.also affected_by these treatments.,
, However, the same photochemical keaction occurs whether fresh, aged,
washed, or fragmented chloroplasts are used. |

Observations which appeaf inconsistent with the above inter— .
pretation are the fol]oﬂihg* 1) Heating ch?orOp]asts at 60° for 15
minutes, which normally destrOys the oxygef evosvxng capacity of
chlorOplasts,lcauses no inhibition of the photo-destruction of DTBN.
2) The reaction products from the phbto~réductiun of DTBN, hameiy
oxygen and the hydroxy1amine (DTBNH), interact in the dark jg_gjj33i
to produce DTBN, 3) The reduced form of DTBN, the nydroxylamine; is,v'; '
.photo~0x1d12ed by the chlorop?asts to- DTBN, " | _ o
" A?though heat1ng chiorop?asts at 60°C uncoup]es the water to
. oxygen mechanism, it has not been shown that such treatment: d1srupﬁ$§  =
'phoibsysﬁem 1. Thus, DTBN is probably réduégﬁibyvphotosystem I € 
| but:anOther component acts as the electron source ‘in heated chloro—f; .
. plasts. | | L |

| The nonnoccurrence of ﬁhe reactxon between O2 and DTBNH 1n the

presence,of chiorop?asﬁs is probabﬂy due to a«compeﬁmtxve uptake of -
"__02 by the ch]oroplasts | o | |
o The observatwon of a DCMU sensxt1ve, short-term photo- ox1dat1on e
'of DTBNH is more difficult to eXp?a1n There are two.pOSSije ex-l  ~;l'
'p}anatlons for this: 1) The photo~generéted-o#id$n# is ‘not an
~essential constituent OflphOtosynthetié e?ectron"trqhsportp is avai}; r R

ableiiin a:}émited_qu&ntity.and isdirréversib?y.exDendedQ.-2) The "_f= 
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phbtoégenerated oxidant is an‘essentiai constituent of photosynthetic
electron transport, is produced by photosystem II, and is normai]y
involved in the oxidation of water. When the system of DTBNH-
ehloropiaéts-is initially illuminated, DTBNH competes with H,0 in
SUppIying‘e1ectr0n§ to photosystem II. - HoweVer, with increasing

time of iTluminatioﬁ, several factors become operative to effectively
inhibit the photo-oxidation of DTBNH: 1) The rate of oxidant pro-
duction by photosystem II becomes limited by the rate at which the
reduetants formed from this System'become oxidized. 2) The sequence
of cons ti tuents wh1ch coupie the oxidation of water w1th photosystem1
II reaches a. steady state so that water becomes more eff1C1ent in
"supp]ywng electrons than DTBNH. 3) The reductlon of DTBN to DTBNH, -
which is effected by electrons abstracted from both H20 and DTBNH,
eliminates the observation of the oxidation of DTBNH

A]though further'investigatibn of this reaction is required

' _before one could state which of these is the correct 1nterpretat1on,ev ’

the stud1es and interpretat1on of Izawa Heath and Hing (9), who

have observed the photo—oxidatlon of hydroxylamine itself, suggest

. that number two is the more Tikely. These investigators worked

_ W1th EDTA treated chloroplasts, systems in which the water sp11tt1n93 ’
' mechan1sm is uncoupled so that susta1ned ox1datlon of hydroxy?amlne -
occurs. ‘ |
If our 1nterpretat1on of the site’ of reduct1on of DTBN is
.correct'and if we can show that'DTBNH can replace water as an
electroh.50urEe'forfphotosysfem II,'the systevaTBN—DTBNH could

. be an excellent probe with which to investigate the properties of
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photosystem II, since the reduction of DTBN or the oxidation of

DTBNH can be fcllowed by EPR.
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'FIGURE CAPTIONS

Pressure changes above fresh chloroplast suspensions -con- .

taining 1.10 mg chlorophyll (a + b) with 0.01 M KFe(cN),

~ (open tr1ang?es) 0.009 M DTBN (closed circles), and buffer

- (open c1rc!es) | I11um1nated W1th white 11ght

Pressure changes above solutions of DﬁO]l M DTBN with

‘fresh chloroplasts (open circles) contaihing‘T.B mg'of‘chloros

phyfl (a + b), with fresh fragments (closed triangles) conf'

taining 1.3 mg chlorophyil (a + b), and with aged (6 days) -

~fragments (closed carcles) containing 1.7 mg of chlorOphyll

(a + b) Sampie volume equals 2.5 ml.

VPC traces of a sample of the atmosphere above a chloro- .'1:

"plast suspenséon,containing 0.92 mg ch}orébhy?l*(g‘+ b} and

~©.0.003 M DTBN before (a) and after (b) illumination of the

"'yram‘contéining

‘ tsampie for 1 hour with white'light: ‘The vessel was purged
'inifialiy with helium. The column injector and detector were

'55°9‘180°E and 250°, respectively. Helium flow was ]2 ml/m1n,‘

; Oxygen production and amount of DTBN-photo~destroyed by‘f

vffSpinach chloroplasts as a function of the initia! éoncentration;."

of DTBN,

X-ray film exposed for 58 hours to a thin-layer chhomatoQ: =

MCaDTBN chloVOp!ast reactvon maxture kept in-

v'.bthe dark (Ed) and one. exposed to Ewaht (E ) @nd the methanol
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FIGURE CAPTIONS {continued)

b

14C-DTBN—ch1orop1ast

extract of chloroplasts from the same
reaction mixtures kept in the dark (Md) and exnosed to
ﬁght'(ME)° Small dark spots on right due to radioactive

ink used to align developed film with TLC plate.

Zonal maps of chromatograms of ether extracts of water

14

phases of ' 'C-DTBN-chloroplast reaction mixtures. Solid

- line mixture was exposed to light; dashed line mixture

7 kept in darkness. “a" and "b" refer to chromatogram fronts,

 dark andg}ight; respectively.
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TABLE T |
" THE EFFECT OF DCMJ AND DTBNH UPON THE PRODUCTION OF OXYGEN FROM THE
DTBN-CHLOROPLAST SYSTEM -

Initial Amounts . Oxygen . DTBN

DTBN = DTBNH  DCMU Condition  Produced Destroyed
3.8x107° 0 0o Dark 0 1.44x1075

" - 0 Light  2.4x10°%  2.82x107°

" o 3.ox07 " 0 1.3xi07

" 3.9x107° o " 2.4x10°%  2.07x107°
45x0° 0 . 0 Light*  2.9%10°  1.70x1073

o Eoxio™? o Light” 0 ?

A?l'quantfties in moles. The sample volumes were 3 m] containing
| l 21 .mg of chlorophyl] (a + b) except the ones marked *, which
 were 2.5 ml containwng 0 92 mg of ch!orophyll (a + b) AI?

_samp}gs were 0.5 M in sucrose buffered at pH 6.8 with phosphate. =
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TABLE II

OXYGEN PRODUCTION FROM DIFFERENT CHLOROPLAST PREPARATIONS USING DTBN

-

"_ 'with phosphate, L

Photosynthetic Initial DTBN Destroyed Oxvgen
- Material ~ DTBN . - Dark>, - Light . - Produced
" Fresh chloroplasts®  2.7x10™° ° 0.49x10°°  1.9x107°  4.8x10°°
Fresh fragments® = " 0.27x10°°  1.0x107°  1.6x107®
Aged (6 days) B 0.02x10"°  0.76x107° (2)
fragments v
A1l quantities expresséd in moles. -
* Chlorophyll content (a +b) was 1, 3 mg.
Ch}orophyll content (a + b) was 1.7 mg, _ |
'A]i samples were 2. 5 m which were. 0.5 M in sucrose buffered at pH 6.8



| TABLE 111 |
EFFECTS OF VARIOUS CHEMICALS ON PHOTO~INDUCED NTTROXIDE DECAY

- OTBN DCMY DCPIPH DCPIP KyFe(CN)g  Oxime™  Initial Rate™
'v‘fConc,(ﬁ), ‘ "Conc.(M) _ Conc.(M) - Conc.(M) ~ Conc.(M) “Conc. (M)  (%/min/mg Ch1)
'5<.@)'Contfo]   5.0x1074 0 BT B T S 0 - -46.0
oo s.ox107t giaxa? 0 0 0 0 0
g b) Control_ 200 0 o 0 o0 -18.3
OCPIPH 2.08x107% 0 7.4x107° 0 0 0 - 6.4
pows - 2.08x107t 230t o o 0 0 -0.5 |
: . : - ' -4 ' 5 &
ooy ¥ 4 2,3x107 7.4x10 0 0 0 -0.2 =
I c) Control - 2.08x10™* o 00 0 0.  -18.3
ocerp 2080t 0 0 . 74x0° o o -l

* Salicya1doxime#treated ch]oroplast incubated With oxime 20 minutes'nrior»to experiment.

Tota] amounts of ch?orophyl] (a + b) varied between 0. 5 mg to 1. 4 mg Chl per m1 of samp]e.

i}OnTy data enc1osed in dashed 11nes can be compared
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DTBN DESTROYED (moles) x 103

L RIGHT AXIS
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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