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TI1vwo basically differenlt svstemlls have been de-
scribed by which chloroplast preparations are able to
synthesize ATP in the light: cyclic and nioncyclic
photophosphorylation (2, 3). Other systems pro-
ducing ATP in the light. e.g. pseudocyclic (or aero-
bic) anid oxidative photoplhosphorylatioins might only
be variations of the 2 basic types (26. 27).

A main feature of true cyclic photophosphoryl-
atioln in chloroplasts is its resistanice to DCMU3 anid
CMLU (16), inhibitors of photosynithetic O. produc-
tioni (5, 29). According to the conicept of 2 light
reactionls in p)hotosynthesis (8. 11, 1.5 32) this
DCIUIU resistanice imieanis that cyclic photophosphorvl-
ation should be driveni onily by the first light reaction
an(l lnot depend( onl the seconid onle, hich is respon-
sible for the splitting of water. Such evidenice has
been obtained by Tagawa et al. (22) for ferredoxini-
catalyzed cyclic photophosphorylation in chloroplast
l)reparations.

In spite of a vast literature oni photophosphoryl-
ation in vitro, much less is known about photophos-
phorvlation in vivo. The best evidenice for photophos-
phorylation in vivo has beeln obtained by following
glucose assimilationi of Chilorclla (13, 14) anid of leaf
(liscs (18). acetate assimiiilation of Chlamiivdobotrys
(19,31), inhibitioni of photoreduction bv glucose in
A4ikistzrodcsimts (6), and light-enhanced P32 incor-
porationi in Hclodea denisa (20). In the followinig
paper the question was inivestigated whether cyclic
photophosphorylation of the tvpe observed in chloro-
plasts also occurs in vivo. The influence of DCMIU
and anitimycin A onl light dependent glucose assimila-
tioIn in Cliloriella was sttl(lied in the absenice of CO..
anid 0.,

Materials and Methods

The same straini of Chlorella pyrentoidosa was usedl
as previously (12). The culture medium contained in 1
liter of destilled water: 0.4 g KNO3, 0.1 g Ca(NO)2*
4 H20, 0.1 g MgSO,.7 H2O, 0.1 g KCl, 0.1 g
KH2PO4*H2O, 2 mg FeCl3, 5 ml saturated EDTA
solution (free acid), and 1 ml Hoagland's A-Z solu-
tion. The algae were grown in 1-liter flasks at a

1Received May 1, 1965.
2 Supported by Deutsche Forschungsgemeinschaft.
Abbreviationis used: DCMU=3-(3,4-dich1orophenyl)-

1,-dimethylurea; CMU =r3- (4-chlorophenyl) -1,1-dimeth-
vlurea.

light initenisity of 3000 lux. Ain air-CO., mixture
(ca. 1-2 % CO..) w-as bubbled througlh the cultures.
The algae were harvested withini 3- to 5-day intervals
and subsequiently starved for 24 hours at 180 in 0.02
NI lotassiunm phosphate buffer pH 7.1.

All experimenlts were carried out in 1.5-nil rec-
tangular WNTarburg vessels. In the light these were
surrounided bv a tin mantle in a wav that the light
could enter the vessel onlv fromi the bottomii. The
light intenisities giveln were those measured at the
bottom of the vessels; they were varied by neutral
screens. Philips Attralux tungsteni lamps served as
a light source. Photosynthesis was measured
mianonoetrically in 0.1 Mt carbonate buffer (NaHCO,:
_Na,C0=9:1). C' 4O., fixations were carried out in a
smlall lollipop. An air-CI4O.. mlixtuire (0.44 % CO,)
was bubbled througlh 2.8 ml algal suspensioln in 0.04
Mr Tris-HCl pH 8.9. The stuslpension (0.2 ml) was
killed by adding it to 2-ml cold absolute ethanol con-
taining 5 % acetic acid. The total of 2.2 ml was
then plated on 2 aluminunI planchets and counited
with a windoowless methane floxv counter Frieseke a.
Hoep)fnler 407A. All experimients were carried out at
27-0.

Iniciubationl Conditionis fori the Measutrement of
Gluicose Uptake i71 tile Light (± N.) anid Dark (+
air). The algae were suspended in 0.04 Mi Tris-HCl
buffer pH 8.9, with 5 mg glucose in a total volume of
2.8- mil. This suspensioni had a chlorophyll content
of 200 to 220 y/ml as determined by the method of
Arnon (1). Alkaline pyrogallol (0.2 ml) for the
light and 20 % KOH (0.2 ml) for the dark experi-
iients were present in the side arm. For the light-
dependenit uptake the samples were flushed for 10
mlinutes with purified No which was passed through
an alkaline pyrogallol solutioni. O, uptake was fol-
lowed during determination of the oxidative glucose
assimilation. Glucose was determined according to
the method of Folin and Wu (9, 10).

The different amounts of antimycini A were added
in 0.05 nml methanol. The same amount of methanol
was added to all the controls. DCMU was dissolved
in methanol giving a concentrationi of 10-2 M. A
dilution series with water wvas then prepared to give
the final concentrations wanted.

Results

lIffects of DCMIU oii Respirationt anld Oxidativc
Glutcose Assiimiilationi. In order to determine if
IDCMUI was affecting physiological processes in ad-
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(litioll to plhotosynthesis. its inifltulece o
anid oxidative phosphorylation was studil
ter was followed bv the oxi(lative -luc
tioni ( 13. 14 ) Glucose waas added to
bitffer suspenlsioni before the algae xwer
inlto the \\arburg -vesels. 'I'lle -essels
tamiieed the various amounts of DCMlt
the additionis the vessels were equilibrate
uites. A ZCerO time conltrol w as celitri
immediately after closing the manometer

DCM1U conicenitrationis highler thanl 1(
increased glucose respirationi (fig, 1) ai
10--, -m a stimulationi of 10 % xx as obt
the elidogenious respiration xvas increase
extenit. In conitrast the glticose ul)take
inihibited at conicenltratioils of 5 X 10"
With S X 10 5 -m DCMXtU anl inhibition

100)

80
0

EJ_ 5 D
r~

-2 'PTAKE

\ \ l7LlJC-~SE HPAKE ,' AlE
\~~~~~~~~~~~~~~~~D\AR r

3

\1

\ ;

\ \L\ih1¢t 1

2T,EI

,I -6 5s0-' 10-5

FIG;. 1. Effect of DCMUl on 0., uptal
ence of glucose (glucose respirationl), c
photoassinilatioll of glucose, ail(l pilot
evolutionl. Lighit intenisity 34,000 lux. A
of (10) experilileiits.

observed. Tlhese ratiler Iligh conice
DCAIU tilus exert a Nx-eak ililcoupliilig
respiratory illetabolismii of Chlorclia.
imioles of 0., conisumiled to miioles of gluco
iilereases byv alsout 40 % (table I).

Effccts of DCUll ol Photosvo1tlcsi
assijoiilationl of Gliucosc. The glucose i

light xvas follow-ed under anaerolbic cor
experimeilt wxas started as (lescribe(l abo)
sel x-as covered with black cloth aild ca
the experiment under otherxwise identic
All values of liglit-dependent glucose
giveIn in the paper are based OIl the da
as colitrol (see line 4, table II). Ain e:
experimeint is giveen in table II. For cc

)i respiration
ed. 'I'he lat-
ose assinilan

the algae-
-e distributed
alreadv COil-
A.After all
(1 for lllill-
ifuged at 0°
5S.

0- sligtlytv
l1 Witlh X

Tab)le II. (7ocos'()se -ssimilatimo in Clilorelil
ExI erimiental cond(litionis: see 'Methods. licubation

time was 3 lhours 15 minutes.

Coniditionis Amnounlt of g- ucose Calculated glucose
(leterminied ( / ) uptake (y)

0 Time conitrol
Dark/N-.,
Light/N.
LIightli/.,-Lark/N,.
Dark/O.,

5200
5020
1926

1570

180
3274
3094
3630

-.aie. Alsoained. Also, *lluptake tiun(ler aerobic conditions. which onl ani ax-er-
I1 to the samiewaso slightly sage Nwas 10 to 20 % highler thani in light +4- N.. is ini-
00asS}- clu(led in the table. T'lhe ul)take iiti(ler anaerob)ic

\i an(I higher. conditions in the dark w-as genlerally smiialler thlaln 5
of 16 % was of the aimiount taken uip in the light.

In the lpresenlce of f)CMAII glulcose uptake in light
is conisiderably inhibited (fig 1 . A colncentration of
4 X 10-'; -m resuilted in anl inhibition of 55 %. Hlow-
ever, at the same conicenitrationi photosynthesis. mleas-
tired as 0. productionl of the algae ill carbonate luf-
fer, was coml)letelv inhibited. The 2 curves dlo nlot
runll parallel and even w\ith the highest I)ClMU conl-
centration teste(d it \was iiot possible to inhllibit thle -li-
cose tilptakel; complletely. Treb' t anIl Eck (25') foundil
thlat cyclic p\otophosphrlationxvitli sonice co fad sor
(e.g. \itamin, 1K ) is oilh- DMU-rU'stallt if tile co-

-0 tfactor is ini its redticedI fornll at the timile of DCMU
addition. 'lThis was achiieved lv preilltiiiinatiigl the

5x5DCMU [M] chloroplasts before the alddition of poison. To check
E~in tIle Pres- if a Fiimiilar effect cani I e observed in vivo0, algoae
xidative- anld were illtimiiiiate(d for 3O minuittes uilller anaerobic con1-
osntlietic 0., ditionis anid subsequently a solutioil colntaininig DC-\It
verage values + glucose w-\as tippeed fromii the sidearm inito thIe algat

suspension. This treatmiienit. lhow-ever. (lid nlot release
the inihibitinig effect of DC-M.

iltrations of The differelnt susceptibility of photos)- uthesis anlld
effect oni the liglht-depenidenit glucose uptake to DC-MIU coul(d have
Tile ratio of been a restilt of the (lifferenlce in liglit saturation of
se aIssillilated tllese 2 lprocesse<. It has ilecil iloticed ear-lier (13)

that tlle lighlt-dependent glucoe ul)titake is sattirate(l
iS (a1ndl Phloto- at illtich lowxxer lighlt intensities tllhan llotosylntllieis.
Liptake ill the Figure 2 slho\xS thils tii(ler the experinieintal cond(li-
Iditiolls. The tions uise(l lhere. Tlle rate of plhotosynlthesis was

ve. Onie ves- lilear tipl to 600)( Iix anll even iilcrea:e(l upl) to 14.500
,rried through lmix. The ligllt-dep)en(lenlt glucose uptake. how ever,

-al conditionis. xw as already saturated at 1200 Itix. Sinlce the exlperi-
assilllilation uleilts of figure 1 xx-ere carried out at 34.000 Itix it

rk/N . sample w as possible that this extreeme oversaturation xx as
xaniple of an cauisiilg the relatively sillaller susceptilility of the
Dmparison the glucose uptake.

Table I. ( ocooplimnj IEffc-t of l)ClIZ- ( nd .AotioCio4 in Chlorella Exrprcsscd (Is A mlolnlt
of 0, to Allmolnot of Gltcosc Takcul (p'

DC%IU Colnc (s
Mole 0.,,/ l ,olglucose

,\nitiml'cil .\ Colic ( y 2.8 nil)
\'tole 0. mole M-lucose

0
0.96

4.5, X 10
(.99

40
(.85 1.41
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10()
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4.5 X 1t)
1.33

200
1.82
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FIG. 2. Rate of photoassimilation of glucose anid
rate of photosynthetic 0, evolution in relationi to light
intensity. Experimental conditions: see Methods.
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FIG. 3. Effect of DCMU on photoassimiiilationi of
glucose and photosynthetic O., evolutioni. Liglht inteni-
sity 1200 lux. Average values of (n) experimeiits.

'To check this possibility glucose uptake experi-
menits were conducted at 1200 lux. As shown iin
figure 3 at low light intenisity glucose uptake was in-
deed more senisitive to DCM\lU; thus 10-6 Mi DCMU
showed a 55 % inhibition whereas it was only 7 % at
34,000 lux. However, plhotosynithesis also is more

sensitive to DCMU at low light intenisities. There-
fore, the different response of photosynthetic 0.

evolution and photoassimilationi of glucose to DCMU
in the end remained the same at both light ilntensities.
It should be pointed out, however, that it was not pos-

sible to inhibit glucose uptake completely even with
rather high DCMU concentrations. Thus, a plateau
is reached between DCMU concentratiolns of 5 X
10-6 and 5 X 10-5 M. Tagawa et al. (21) have
shown that antimycin A inhibits a ferredoxin-cata-
lyzed cyclic phosphorylation in chloroplasts which is
insensitive to DCMU. It was of interest, therefore,
to see if the light-dependent glucose uptake in C/l/o-
rella can be inhibited by antimycin A. For compari-
soni the effect of antimiiycini A on respiration an(d oxi-
dative phosphorylation was also investigate(l.

Effects of Aintimycin A ont Respiration anid Oxi-

datiV'c P/iospliorvliationi. Anltimycin A inhliibits the
oxidative glucose uptake to miiaximiially 60 % but in-
creases the respiration up to 20 % (fig 4). These
effects are stroniger thani the corresponidinig onies witlh
DCMIU anid, tlherefore, lead to a greater unlcouiplilg.
This is reflected in the hligher 0.,/glucose ratios
(table I). In conltrast to 1)CMAU the enidogenious
resl)iration is conisideralylv inicrease(d (400 y antinly-
ciii A miiore tlhani double enidogeinous O2 uptake).

EIffccts of A1 tiuivc-iul ,1 o01 Pliotoaissimniilationi (r)1l
Ol Pliotosvthlicsis. The experimenits in figuire 4
were carrie(l out at liglht inltenisities of 1200 anid
14.500 lutx. I'he additioni of alntimvcin A resulted in
a stronig inhibitioni of glucose uptake at the low
light intensitv, but it was conisiderably released at
14,500 lux. Antimv.cin A at a conicenitrationi of 200
yv//.8 nlil (1.3 / 10 -, I) inihibited glucose uptake

i2G12C(2) UPAE

'00

UASEUPA ( ' 5-3LUX)

80

) 50
IL.

20~~~~~~~~~~~~~~~~~
51)

40 ,00 200 400
ANTEMYCIN A

FIG. 4. Effect of anitimycini A onl glucose respira-
tioIl. oxi'dative- and photoassimiiilationl of glucose. Light
initensities as indicated. Average values of (ri) experi-
merlts.

Table III. Effect of Antini,n cin
int Chlorella

o4o1l Photosynthcsis

Light A.mount of
Method used intensity anitimycin added (y)

Lux 100 200

Maniometry

C140, Fixation

34,000
14,500
14,500
1200

% Inihibition
16 21
18 24

23
* .-30

at 1200 lux by mzore than 60 % ancd the maximiial
inhibition observed Nvas 85 % wxith 400 -y antimycin.
Photosvntlhesis was less inhibited. The results are

stummarized in table III show-inig the effect of (liffer-
enit light ilntensities and( of 100 .200 y antimiyci
on O., evoluition anid C'40., fixation, respectively.
'The C140., method had to be uised at low light inten-
sities, since antinvlycini increases endogenious respi-

m

A
'iC)

f-C)
C:
C)
0
(-n
ni
c
:9
k

X
:0
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Table IV. .qdditivc EffLJJ't of /)( lIt 1nd-1,ntimyvcil
I o*,, thct Iliotoassiiitil(titoii of (;/Itcosct

1)

4

Avg

Inhibition of glucose ul)take in 'i
I)CM LV DCMI LU AntimiYcin

(2 X 1(lOsr ) (2 X 10 m) T- 200(} (200-)
Antinimvcill

81.2
72.4
71.4
/5.6

77.2

70.9
7().4

88.7
72.2

78.7
81.8
81.8

81.4

AXverage value of 7 ini(li iidual experiments see fig

4). Thllese experiments rc carrie(l otut sepqratelv.

rttioln colitilerald (> 100
)
and, therefore. it be-

c0)me.s (liffictilt to evaluate the actual photosynthesis
with imanolmetric technli(lties. Photosynthesis xvas in-

hibited upl) to 3(0 %. 1High light intensities, how ever,
rele.ased the inhi-bition to a mucilclismaller extenlt thanl
that of glutcose up)take. \\When (C/hlo/t1a as ilot
starved before the exl)erilment, ihotosynthesis was

exven less affectel by alitinivcin A. therelv iiicreasilng
the (lifferenice in susceptibility of glucose uptake and

lphotosylnthesis (23 ). It xxas surprising that DCM\IU
111(i altilmvCill .\ iel approximately the samne in-

hibition of photoassimilation of glticose ini wveak lighlt.
In viexx of the resuilts of Urbach an(l Silmloiiis

(28) it xwas of ilnterest to study the simultaneous ac-

tiol of the 2 poisons on the light-dependent glutcose
uptake. In table IV the inhibitions observed with

2 10X -i J)C JI and( 20( y/ antimvcin alone are

compaliaredl to thio.se of 1o)th l)oisons. together. Each
valtie rel)resents the average of dtiplicate samples.
In thle presence of 2 >< 1() xrl)Cm\IU glticose tltpake
xxwas inhibited 76.4 % (total a-erag-e of 6 experi-
iienits ) wxhereas the additional l)resence of 20(0 anti-
muvcin A inlcrease(d the inhibition to 81.4 %. This

(lifferelnce is rather smiiall and the restults are far fromii

oxx(wing additivity, i.e. a 10(0 % inhibition.

Discussion

\t fi-st e oUld like to compare ouir reslts witlh
those of other atuthors. 14i tt andl I'eel (7) also ob-
servedl inhibition of light-(leplenlei,t gltucose uptake
of (hlorell/t ' ()bi )CAJIU. Mar-rr6 et al.

(17) have investigatedl the effect of CAML oni the
light-enhaticed glntcise- incorporation intO leaves
it a concentration here O., e'voltioni is completely
inhibited. The' .syntletic evelts ( starch and celltdlose
sXnthesis ) xvere inhibited bV 47 %/S xx ith X 10( -m

VI\[U and the totatl light-cnaliced g9lutcose incorpo-
ration bv 28

'rhe light-dependelnt f.'2 incorl)oration inlto Aktis-
1)'O(dCS1J1Is stil(lie( bx Urbachinad Simonis (28) most

likely i' le'edl Ot;l thlC te iiieclihaitisi r as l)lpottas-
iiil;iltitii of glulc-e. '[Ihis anaerobic T)"2 incorpo-

ration is also stronglv inhil)ited 1)! D)CAIlU, hoxwever.
on]xv sXlitlvyb1 anltimcill A alole. T'helB latter resiult
can b)e exl)laine(l b)y the observation that a high lig,ht
intensity, as it wNas applied l)y rbach and Simonis.
releases antimx ci inliihition of glucose I)tiake to a
colni(leral)le extent (fig 4 ) In ct ntrast to 0111 i-e
suits ( Url)ach and Simonis) obltaine(l, how ever, an1
ad(itive effect if I)CAI 1.L and antix cin .\ e erc
added togetlher.

\V'iessnier and Gaffroni ( 3()) ) studying anaerolbic
l)hotoassimilation of acetate ini Chamz v(lobotrYs axlso
ohserved a D1)CAxI U inhibition in the ahsence of (')..
How ever, this ID)Ci\t sensitivitv cotildk he released if
somiie 0., was initro(luice(l inito tlleir sxstem. Since ill
the lpresence of O., a strong- oxidative gIlucoSe as-
similatioin takes place in /11ore/Itt, it is niot possilde
to check this O., effect in this organism. In at(dlition
there seemiis to he a (liffereince betxween these 2 systems
s;ince in Ch/lorell/ the aerobic l)llotoassimilation of gi-
cose is only about (50 % higlher tlhani the anaerotbic
(13) xvhereas the pthotoassinmilation of acetate ill
Chlh/ti dobotriv is imiore than 4 timies higherl in the
lresence of 0., (30).

Sunmmari%ill the comparison of the resilts otf
otlher auithors with otlrs wxe can say tller-e is at en-
eral agreement cotncernilg the maill effects, hut
there are certaini deviations wlich might be caused
1b (lifferences of the objects chosen as well as the
processes uise(d as ini(licator for l)hotol)hoht)llr-\ latiol.

It sholul(l be pointed ouit tli t the phosphot-rlation
vhich is responsible for the anaerohic photoassimila-

tioin of glutcose must he a cyclic process. A Imt-ncvclic
p)hosphorylation cannliot take ptlace in the absence of
M.)-, the nattiral hldrogen accel)tor, wx herea.s<a psei-

dloc,vclic or aerobic phosphorylation (free ( w)..xoxldl
have to participate ) is unlikely tiin(ler the ailaerol)iC
conditions used (N. -flushingsl i alkaline pyrog<allol
presenlt (Idirinig the wh-lole experiment)

The rather high inhibition of glctcose upitake b-v
D)CMtIU seemCns to indicate at first sight a (lifferen;t
mechaniismii for cyclic photophosplhorvlation in \vix O
andi in vitro. Hox ever. at l)CAIIf concentrations
where lphotosynthesis is conpl)letely inhibitedl se
ulptake is inhibiited only by 55 % (fig 1. 3). InI addi-
tioii recenit experinllenits have shoxx n that the inhili-
tioni of glutcose uptake hy I)CMI can ble separited
inito 2 effects: A ) the inhibition (tf an ind(utionM
phase lastin-g 3) to 60) minuittes fromii the timiie the gIi-
cose is ad(le(l antd 1) atn inhibitio (Itlurii.(r steatdv
state )hotoassimilaltitn if (,glucose (24). If Mlxv tllh
latter effect is taken ilnto con si(leration the (liffe-renlce
in susceltil)ility of lhot)tosynthesis ainid glucose utl)take
is even greater. At concentrations inhihitintg p)htO-
synltheesis coml)letelv, .hotoassimilation still lroceedcs
at a rate 7O tt) 80 °( of the conitrol rate. The p)lateatu
at the hightr D)CAIIf concelltrtioir does nlot exceed
60 % inhlibitioni (23. 24). Tlxwo) sites for DCMA\tU in-
hihition have to be poLstulated, tlerefore: A) the
splittinig of wxater [liilt reactitioll I[ (8)]. andl11)B at
hit-her- conleiitt'rti(lis an lil1ititisoehr itt tIe
svstem of ligrht reaeuiit I. Txxo sites for D('Al1t

II 5"'4
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inhibition have already beeni suggested from in vitro
resuilts by Asahi anid Jagendorf (4).

Aintitmiyciin A also shows a high inhibition of
photoassimilation of glucose. There is, however, no

(lifference if antimivcin A is added in the beginnlling
or 1 hotur after glucose adklitioil, i.e. dturilig steady
state glucose tuptake. Siice lphotosynthesis is miucl
less affected by anitimiivcini A, it seemiis likely that cvto-
clhrome ba is onlyl involved in cyclic photophosphoryl-
ation as lhas been suggested by Tagawa et al. (21).

The observation that DC'MU together with anti-
ivcin A (loes not show additive inhibition is also ini
agreemiienit with the interpretationi that in our system
antimvcin A as w-ell as DCMU at high concenitrationls
inllibit cyclic plhotoplhospliorylationl.

Summary

The effects of 3-(3.4-dichlioroplheylvl)-1.1-dimll-
ethvlurea (DCM\IU) anid antimvcin A onl respiration.
photosynthesis. oxidative glucose assimiiilationi, anld
lhotoassimilation of glucose in the absence of oxygenl
anid carbon dioxide in C/hloirclalpyrcnoidosa Nvere in-
v-estigated.

DCMUl at con1cenitrations miore th1an1 10- 6 m has
onlly a miinior effect oni oxygeni uptake anid oni oxi(la-
tive glutcose assimiiilationi. Antimvcini A acts like a
rather stroncg uinicouiplinig agenit sinice the uptake of
oxygeni is inicreased up to 20 % and1 glucose assimila-
tioni inhibited to about 50 %.

The degree of inhibitioni of l)hotosynthesis anld
photoassimilation of glucose by DC\MU anld anti-
mvcin A is stronigly inifluencedI by the light intelnsities
used; higher light intenisities result in less inhibitionl.
Photosynitlhesis is more senisitive to DCMUI' tlhanl
photoassimilation of glucose. At conicentrations
wvhich inihibit photosynthesis completely pliotoas-
simiiilatioln of glucose is inihibited by 55 %. At these
conicenitrationis the inhibitioni amiiounits to only 20 to
30 % if DCMUII is added 1 hour after the glucose is
supplied. i.e. at a tinme wheni photoassinmilationl of
glucose lhas reached a steadv state rate. It is l)os-
tulated that DCMU. besides inhibiting light reactioni
II, at high concentrations also inhibits cyclic photo-
phosphorylation dependent only oni light reaction I.

In contrast to DCMNIU antimiivcini A inhibits photo-
assimiiilationi more than photosynlthesis. Ani inihibi-
tion of glucose uptake up to 70 % was observed.
This suggests the participationi of cytochromiie b,; in
cyclic photophosphorylation. The additioni of both
poisons together did not result in ani additive in-
hibition.
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