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Sunmtmary. The incorporation of 32p and 1"C into organic compounds by Ankis-
trodesmitus is strongly inhibited by X-rays. In the same phosphorylated compounds
39P-incorporation apparently is more severely inhibited by X-rays than the "4C-label-
ling. The 32P-incorporation into organic compounds is more strongly inhibited than
3"P-labelling of inorganic phosphate in the cell. The inhibition of 32P-incorporation
into a number of compounds is strikingly tuniform. It is concluided that the inhibition
of "P-incorporation and of _4C-incorporation into phosphorylated compounds in vivo
is due to an uncoupling by X-rays of photophosphorylation as in vitro. The difference
in X-ray sensitivity of 14C- and "2P-incorporation into one organic phosphorous com-
pound is attributed to a dual action of X-rays on "P-incorporation in organic
compounds (both via the uncoupling of photophosphorylation) and only a single
effect on 14C-incorporation and 32P-labelling of inorganic phosphate. The effect of
X-rays on 14C-incorporation into organic compounds included inhibition in most cases
but also stimulation as in the case of glycolic acid. These differences may be due to
interference in the intercellular regulations following the application of X-rays. The
inhibition of 14C-incorporation in many cases exhibits different behaviour at low
(<200 krad) and high doses. These chaiiges are (liscussecd on the assuimption that at
the lower doses X-rays cause uncoupling of photophosphorylation and at the higher
doses an additional inhibition of electron transport.

Investigators of the action of ionizing radiation
on photosynthetic processes in isolated chloroplasts
have observed that the phosphorylation reactions
are more sensitive than the electron transport and
the O2-evolving system (4,7, 13). Simonis and
Urbach (19) obtained similar restults in v vo using
A ukistrodesmuiiis. Additionally, experiments on total
'4CO.-fixation by Antkistrodesmiuiis revealed a lesser
X-ray sensitivity compared to phosphorylation but
a somewhat higher sensitivity than of O.,-evolution
(19). Zill and Tolbert (21), however, have found
a considerably higher sensitivity of "CO,-fixation
than of 02-evolution. Because of the discrepancy
in radiosensitivity of "CO^-fixation and of "P-
labelling of soltuble organ c products, it was pro-
posed that X-ray action on transport phenomena
rather than on phosphorylation itself causes the
inactivation of 32P-labelling of organic products
in vivo (19). Simonis and Ftuchtbauer (16) have
shown that X-rays inactivate in vitro both cyclic
and noncyclic photophosphorylation, so that it
seemed possible to use X-rays like a specific in-
hibitor of phosphorylation. It seemed desirable to
investigate the differences in radiosensitivity oI'
4CO.,-fixation and 32P-labelling in the light and
especially to study the effects of X-rays on 32P
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and 1 tC-labelling of chemically defined products
rather than of larger fractions. The use of both
"4C and 3"P might give some more insights into
the meaning of 32P-labelling in vivo.

Methods

Anikistrodesmuiiis bra iunji (Naegeli) was grown
synchronously (11) in a culture meditum according
to Pirson and Ruppel (15). The cells were de-
pleted of phosphate by growth for 3 hours in phos-
phate-free solution in the light. Then they were
X-irradiated in the dark in a concentrated suspen-
sion (100 ,ug chlorophyll/ml) in a phosphate-free
buffered solution at 250 at a dose rate of 3000
rad/min (140 kv, 12 ma). For details of the irrad-
iation apparatuis see references (5, 6). Control
samples were kept in the apparatus behind a lead
shield. After the irradiaticn the algae were ad-
jtusted to a chlorophyll content of 20 to 30 ,ug/ml
and kept for 30 minltes at 250 in the dark with
a eration.

The incorporation of 32p was carried out with
aeration in "lollipops" at 250 and 20,000 lux. The
reaction mixture contained in a final volume of
13.3 ml: algae corresponding to 50 jtg of chloro-
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phyll; 50 mm tris buiffer (pH 8.0); ain(l 10 ml of
phosphate-free cuLltture ne(litlm. After 10 minuites
of preilltumination the algae were inculbated with
0.2 mc of carrier-free 32P for 5 minuites. The
phosphate concentration onl the cuilttire mediuim of
the algae after phosphate-depletioin was about 5'X
10- mole/I. Thuis the specific activity of "carrier-
free" '32P in this case was abouit 0.04 Mc/xmole.
The reactioni was terminated by separating the algae
from the reaction mixture by filtration. The filter
with the algae was washed 2 times and dropped
quickly into a mixtuire of methanol/chloroform/0.7
M formic acid (12/5/3, vr/v ') helcl at -700 (1).

The incorporatioin of 14C was carried onit in
\Warbuirg vessels at 250 and( 13,500 ltix. The reac-
tion mixttire containe(I in a final voluime of 5 ml:
algae correspondling to abotit 0.1 mg of chlorophyll,
50 mm tris btiffer (pH 8.0), anid( 4 ml phosphate-
free cuiltuire medium. After 10 minuites of pre-
illuimiinatioin the reaction was starte(d by adding
1, .68 ,umole HC,().- contaiining 0.05 mc '14C andl was
stoppe(l after 5 minuttes as (lescril)ed above.

The algae were extracted for 4 houirs at -200
with the methanol / chloroform / formic aci(d
meditirn and twice for 12 hotirs with water at 5O.
The extract was freed of volatile solvents bN,
evaporation in a stream of air at 00 and stl)se-
quieintly freeze clrie(l. Aliquiots of 0.01 to 0.025 of
the algal extracts w\ere analysed by 2-dimensional
celltilose thin layer chromatography ( 17) with 1)
isobuityric acid / I N NH4OH / 0.1 m EDTA
(100/60/1.6 : /v/v) andl II) i-btitanol/n-pro-
panol/propionic acid/water (77/546/600/804) as
solvents. For the separatioin of 14C-labelled prodl-
ticts "semistench" (3) (17 N NH40H/H.,O/n-pro-
panol/isopropanol/ t-butanol/isoblit)yric acid/EDTA
(100/950/350/75/751/2500/1.2 g) proved to be a
better solvent in the first (irection. The chroma-
tograms were radioautographecl and countedI directly
oIn the plates with a methane flow coulnter.

Results

Before consi(leriing the actioni of X-rays uipoII
32p aI( 14C-iicorporatioin in the light it seems
desirable to consider the photosynthetic performance
of the ulnirradiated algae (table I). The rate of
photosynthesis agrees with reporte(l values for
Chlorella, (14). The labelling of organic soluble
prodlucts with 3"P, however, is con siderablv smaller,
compared oIn a molar basis, than the labelling with
14C as revealed, for instance, by the ratio 14C/32P
in P-glycerate (table I). Even if we suippose that
all 3 C-atoms in P-glycerate are 14C-labelled only
abouit 7.5 % of the '4C-labelled P-glycerate is also
32P-labelled. This heavier labelling of the same
compounds with '4C than with 3P suiggests a
similarity hindered access of labelled phosphate ioIns
to the chloroplast becatise of their passage throuigh
the plasma andl chloroplast membranes ini A42kis-

Table I. Phofosvn tltic Performancc )f Un, irradiated
Ainkistro(lesmllus

Comparisoni of the molar amounts of CO. anci Pi
incorporated, as calcuilated from tlle specific activities ot
'4C and :P. In the case of :3P 5 X 10-, mole/l -,va,
takien as the phosphate conicenitration in the slurroundin,-
mediiumii, as measuired in a I)arallel experiment.

Process

Total '4CO.,-fixation
(photosy lthesis)
14C-Incorporation inlto
P-glx cerate
32P-I1ncorporation inito
P-GlI-cerate
22P-JIicorporationi illto
acid- solubl e organii compound(li
'4C/ 2P in P-glxcerate
'4C-fixationi
12P-incorporation in solul)le organic

COmpoundlil";

Rate
,u mole * hr-1 * mg

chlorophyll -

135

0.95

0.024
0.056f

40

24,000

trodICSJmllfs as in Elodca (9). Heber et al. (9)
reports that onlyx 1 mole l2 incorporatedI inlto
soluble organic produicts correspond(Is to 25,000
moles '4CO., fixe(d in Elodca. Almost the samneratio is founldI for Anlkistrodesll,us (table I), but
the ratio shoull(d depend( ulponl the experimientalcoI1(:tlionls.

The effect of N-rays oni the _'P-incorporation
(curve A) atIcl 4C-incorporation (ctirve B) into
soltuble organic phosphorouis compoutndels in Anuki-strodesmuiiis is seen in figulre 1. The 12P-incorpora-
tioni is considerablv more radiosensitive thani the
'4C-incorporation. As distingulished from the re-
stilts of the total 4C0.,fixationi ('19) the 4C-in-
corporationi into the soluble compoulnd(s (curve B
or C, fig 1) is (lefinitely inhibited at 100 kradl.
A similar inhibition bx N-rays of '4C_incorporation
inlto soltible pro(dticts in ('hiorelil anl(I wheat has
been reported (21).

Because we (lo not hav-e stufficienit information
on the X-ray actioil at low (loses, the inhibitioni
curxves are drawn to the origini (fig 1-5), althouighthey possibly are sigmoid, with no inhibition below5 to 6 krad (4, 19). It may even be possible that
at low doses the 32P-incorporationi into organiic
compolinlls is stimtilatedI by X-rays ( Nalborczvk,D. Urbach, Kovacs, unpublished).

Figuires 2 and 3 and table II show- the effect of
X-ray-s on 3-P-incorporation into a utlmber of
organic phosphorotis compotindIs. All of these ex-
hibite(d a very similar behaviouir, being inhibitedlstrongly on an almost linear curve in the semi-
logarithmic plot. The 32P-labelling of inorganiic
phosphate is inhibited to a far smaller (legree (fig
2, table II). Only the 32P-labelling of ATP has a

sensitivity aboult as small as of inorganic phosphate
(table TI, fig 2).
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FIG. 1. Effect of X-rays on the 32p_ and 14C-incor-
poration. Curve A shows the inhibition by X-ravs of
the incorporation of <'P, and curve B that of 4C into
the sum of organic acid-soluble phosphorylated com-

pounds. Curve C presents the X-ray inhibition of '4C-
inicorporation into the sum of acid-soluble organic com-

pounds (phosphorylated + non-phosphorylated). Each
loint represents the average of 4 independent experimelts
witlh 2 parallel cleterniinations in easch experiment.
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5. Comparison of the figtures 3, 4 and 5 with the
figuires 2 and 3 reveals a great variety of inhibition

patterns of 14C-incorporation, which is almost absent
14C in the 32P-incorporatioii. Most remarkably, the

14C '_C-incorporation into glycine, serine, alanine, andl
sucrose is decreased only to a slight degree at lower
doses, but considerably at high doses (fig 4 and 5).
The 14C-incorporation into aspartic acid as well as

glutcose and fruictose phosphates is inhibited accord-
ilng to a logarithmic dose response (fig 3 and 4).

32p The 14C-incorporation into glycolic acid is not in-
hibited. buit was enhanced by X-irradiation in all
experimenits. The differences in the inactivation
cuirves of various compotunds were repeatedly fouindl
in all experiments.

Discussion

32P-incorporation. Three major resul1ts shall be
-1:..iJ. A \ v :1-1-2A .V 2P;-rvrnr f.-in-(lisciissect: A*) A-ray innIDition oi --r-1ncorporaL1011

into organic compounds is strikingly tuniform (fig
2 and 3). B) 32P-labelling of inorganic phosphate
in the cells is considerably less sensitive to X-rays
than the 32P-incorporation into organic compounds
(fig 2 and table II). C) -"C-incorporation into the
same compounds apparently is less sensitive to
X-rays than the 32P-incorporation (fig 1 and 3).

0
o00 -

Table II. Doses of Half Inlhlil)ition by X-Ravs of t11c
32P-Incorporalion into Various Compounds

Compotind

P1 in the cell
ATP
ADP
P-glycerate
P-enolpyruvFate
glucose-P
fruictose-P
sugatr diphosphates
UDlP-glucose

Dose causing 50 % inhibition
of 3"P-incorporation

krad

180
150
115
120
90
100
110

125
120

lthle illhibitionl by N-rays of thc 1'(-iiicOrpora

tioii into the same phosphor)ylated compoun(ls is

also illustrate(d in figuire 3. As with the suini of all
compounl(ls (fig 1) we find a great oliffereiiee of
the radliosensitivity of "4C- andCl 3'P-incorporationi.
The '4C-incorporation into P-glyceric and P-eniol-
pyruvic acids is inhibited only up to about 200 krad.
At higher doses it stays at a level of about 50 % of
the control up to 400 krad (fig 3).

The influence of X-rays on the '4C-incorpora-
tion into some nonphosphorylated compoutnds an(d
the suigar diphosphates is shown in figuires 4 andl
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FIG. 2. Effect of X-rays on the 32P-incorporation
into ATP, ADP, and Pi in the cell. The experimental
points represent the average of 2 independent experi-
ments with 2 parallels each.
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of 2lP-incorporation, it nlow seems improbable that
X-rays primarily act on transport into the chloro-
plasts. Decreasedl tranisport of phosphate ions or
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Fi(;. 3. Inhihitioni bv X-ravs of the 32P-incorpora-

tioIl or the IC incorporation respectively ii1to P-gly\cerate
(O - )), P-enolpyruvate (A- A) fruc-
tose-P (C) ---C) aind glucose-P ( --- ) 4C:
openi symbols, 32p: filled synmbols. Eachi poinits repre-
senits the average of 2 experimiienits witlh 2 parallels eaclh.

1Iroml the uniformity of inhibition of 32P-incor-
poration inito almost all compounds it may be in-
ferred, that X-rays act primarily on 1 (or 2)
reactionis that are common to the 3_P-incorporatioli
inlto all conipoutld(s. In the light 3 processes can1
he colnsidered as primar) reactionis: 1 ) tuptake of
pihosphate ioins, 2) transport of phosphate iolls to
the chloroplasts, and 3) photolplosplhory'latiMl.

Th1 fir-st possililit\r, (Iir-ect .X-rav actionl o)
phsphaSletc upltalk-, wals t xchidcd b(1ssSlilliollis '111d
Crbaoch ( 19) the basis of (Ii fferelt X-ray in-

hilbitioni in light ai1(d (larklless. Iblis coliihlisioIl'i
vcrified hy the resuilt that tlh 321 -lahellilng of
inorganicplhosplh.lte is niot so severely inhibited (fig
2) as sihoild( l)e anticipated if phosphate uiptake alone
were primarily affected by X-rays. The second(l
possibility, X-ray action on phosphate an(d ATP
transport into the chloroplasts in the light, was

proposed ly Simonis and Urbach (19) as a working
hypothesis to explain the dlifferences of the radia-
tion effects on 32P- and 1IC-incorporation. From
our resuilts of X-rav actioni oni (lifferent pro(lllcts
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FIG. 4. Effect of X-rays on the ' C-incorporation
into glucose (A -..-..A), sugar diphosphates ( -- -0)
suicrose (Q-.-.-.-O), citric acid fx-..-..-..x), ialic acidl
A-. .A), alnd aspartic acid (O - - -0) Averages

of 2 experiments itli 2 parallels each.
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FIG. 5. Effect of X-ravs on the 14C-incorporation

into glycolic acid (o - - - - 0), glycine and serine

( *-..-... 0), and alanine (A/ A). Averages of 2
independent experimenits with 2 parallel determinationis
each.
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ATP into the chloroplasts should not affect the
32P-incorporation into suigar phosphates to the same
degree as into P-glyceric acid, since in vivo sugar
phosphates are reported to be 3zP-labelled in the
cytoplasm rather than in the chloroplasts where
)2P-glycerate is formed (9). Thus they should not
be affected by a transport barrier as much as
P-glycerate provided that in the 5-minuites-experi-
ments the steady state of 32P-labelling has not yet
been reached in the inhibited samples.

The present resuilts sutggest that X-ray inhibition
of 32P-incorporation in vivo is due only to an un-
coupling of photophosphorylation (third possibility).
This conclusion is consistent with X-ray action onl
chloroplasts in vitro (16). It applies at least to
lower doses (tup to 200 krad) which do not inhibit
the O,-production (19). At higher doses additional
inactivation may be expected from deterioration of
electron transport. This concluision that X-rays
tuncouiple photophosphorylation is stupported by the
following argument. If photophosphorylation is
inhibited, then uptake of Pi will be lowered, too,
because presumably it is dependent on ATP forma-
tion (10, 12, 18). As a consequence of lowered
phosphate tuptake the specific activity of H 32PO4-
inside the irradiated cell will be decreased. Thuls
in the cell, phosphorylation of a compouind at low-
ered rate and with H 32PO4- of lower specific
activity will restult in even less 32P-labelling of the
compound. Hence, 32P-labelling of organic com-
pounds will be affected in 2 ways by the action of
X-rays and this will yield the pattern of inhibition
as experimentally found (fig 2 and 3). It should
be possible to estimate the theoretical decrease in
32P-labelling of a compound if we knew the de-
crease of its actual phosphorylation and the decrease
of the specific activity of H232P04 . As for the

specific activity, we have established that X-irradi-
ation at least ulp to 200 krad does not notably affec.
the internal concentration of phosphate in ,Anki-
strodesmuiiis. Thus a decrease in 32P-labelling of
phosphate is indicative and a measuire of its lowered
specific activity. Fturther, if only the phosphoryla-
tion is decreased whereas the 02-production (TPN-
redtuction) is almost uinaffected by X-rays, we can
assume that the relative degree (wA'ith respect to the
tunirradiated control) of 14C-labelling of a phos-
phorylated compotlnd shouldl] be a measuire of its
lowered phosphorylation. With these assuimptions
we have calcuilated the theoretical inhibition of
32P-labelling of a few substances by forming the
produict of the relative degree of their 14C-labelling
and of 32P-labelling of inorganic phosphate (table
III). The reasonable coincidence of experimental
and calcuilated values for 32P-labelling in the range
of uip to 200 krad stupports the conclsionl that in
Anzkistrodesuiitns in vivo uncotupling of photophos-
phorylation is the only major effect of X-rays in
this range of doses (table III). The (lifferenices
in X-ray sensitivity of the incorporation of 14C
and of 32p into identical phosphorvlate(d compouinds
then only wouild be apparent differences. They
probably are duie to the duial action (both via
photophosphorylation) on 32P-incorporatioin and
only a single action of N-rays on the '4C-iucorpora-
tion.

ATP does not seem to fit into otur pictuire of
X-ray action on phosphorylation only as it is almost
as little affected bv irradiation as is Pi (table
II). However, ATP is one of the first substances
to come to an isotopic equilibriuim with 3 pi in the
cell. Hence, after the rather long incuibation time
of 5 minutes the decrease in 32P-labelling of ATP
may partly reflect the smaller decrease in labelling
of P,.

Table III. Comparison of the Effect of X-Rays on 14C- and 32P-Incorporation. into Phosplhorylatcd Compowuds, and of
Experimental and Calculated Values for 32P-Incorporation at Various Doses of X-Ravs

Values of 32P-incorporation are calculated as the product of the relative 14C-incorporatioln into the compouinold and
the relative 32P-labelling of Pi at each X-ray dose. The values are listed as % of the unirradiated conitrol.

Products

14C- or 32P
Incorporation

14C-Experimental
32P-Experimental
32P-Calculated

4C-Experimental
32P-Experimental
39P-Calculated

14C-Experimental
32P-Experimental
32P-Calculated

1C-Experimental
32P-Experimental
32P-Calculated

P-Enol UDP-
P-Glycerate Fructose-P Gluiose-P pyruivate Gluicose

76
54
51

47
27
20

61
20
23

56
4

% Of unirradiated control
75 77
37 38
50 51

74
54
49

66
27
28

54
16
20

49
9

13 14

52
22

48
17
18

39
6
9

56
18
23

57
13
21

62
4

15

91
51

37
33
16

36
14
13

26
8
6

Dose

krad

100

200

300

400

384
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The uiptake of phosphate by Elodea at low
external phosphate concentrations is limitedI by dif-
fuision of phosphate in the uinstirred layer of liquiid
arouind the leaf (film kinetics) (10). This cer-
tainly applies even more to Anzkistr-odesniuiis since
film kinetics are favored by small (limensions.
Thuis it woulld not seem likely that phosphate uiptake
at low phosphate concentrationis shouild be inhibited
by X-rays, when active uptake is not rate limiting.
However, diffuision in the uinstirred layer only sets
an upper limit to the rate of uiptake (depeniding oln
concentration). Yet if active uiptake is inhibited,
then less phosphate will be taken uip thain is avail-
able b)y diffiusion in the uinstirredl layer aroulnd( the
cell.

The action of X-rays uip to about 200 krad cain
be regarde(d as a type of uincouipling of photophos-
phorvlatioin ( 16). Thuis ouir conisidlerationis should
also have some bearing on investigations on the
action of uincouiplers on 32P-incorporatioin in viVo.
It cain be expected that tincouiplers of photophos-
phorylation wouild affect the 32P-labelling of Pi to
a lesser degree than of organic compouinds.

14,C-I_nCorp(o r(Itio(n1 into Acid-Solible Pr-oducts.
The inhibition of 14C-labelling of organic phos-
phorouis compouinds by lower doses of N-rays (be-
low 2010 krad) has been partly discussed in the
precedling paragraph. The most striking featulres
of X-ray action on 14C-labelling are the diversity
of inhibition patterns for clifferent compotlunds and
the change in degree of inhibition for some com-
pouinds at abotut 200 krad (see fig 3, 4 al(d 5).
Althotugh the decrease of '4C-labelling at lower
doses possibly is induticed solely by ani ulncoulplinlg
of photophosphorylation (see the precedinlg para-
graph), the inhibition is not equlal in all compounds
as is generally trule with 32P-lal)elling (table II).
These specific effects of X-irradiation: On 4C
labelling (see also Zill and Tolbert, 21) seem to
stem from intracellullar reguilations after N-irra(lia-
tioin. The drop or rise of the inhibition cuirves at
higher closes probably may coincide with the oiiset
of an inhibition of electron transport by X-irra(lia-
tion. The latter inhibition has less affect uipon
^2P-labelling since non-cyclic phosphorslation al-
ready is redtuced at lower doses (16).

For the discuission 3 grouips of '4C-lal)elled sub-
staiices may be distinguished: compoulnds of pri-
mary suigar metabolism (phosphorylated compoundi(ls,
gluicose, suicrose, alanine); compouindls related to
glycolic acidl metabolism (glycolic acid, glvcine, and
serine) (2) and compouinds related to the Krebs
cycle (carboxylic acids, glultamic and aspartic
acids). It muist be kept in minl, however, that
only 1 incubation time has been stuidied.

At lower doses the '14C-incorporation into com-
pouLnds of sulgar metabolism is inhibited similarly
to P-glycerate (`IC), which may reflect the inhibi-
tion of photophosphorylation. Exceptions are only
the stugar diphosphates, alanine and possibly glucose
(fig 4 andl 5). An increase in sugar diphosphates

lupon the action of the inhibitor of photophos-
phorylation hexylresorcinol has been reported by
Gould and Bassham (8) and may correspondI to
ouir finding with X-rays. The increase of alaninie
at lower doses may be dlue to a relative abundance
of TP-NH because of uinrestricted electron flow
ain(l consequently increasedl reductive amiinatioin of
P-enolpyruivate.

At higher doses we find( a relative increase of
14C-iucorporation into P-glycerate and P-enolpyrti-
vate (fig 3). This may b)e duie to decreased re-
dtiction of P-glycerate ancl of reduictive aminatioiu
of P-enolpyrulvate as a consequence of inhibited
electron transport. The corresponding decrease ill
the labelling of the products of redulction can ibe
fotund in the suigar diphosphates, suicrose, and
alaninie (fig 4 and(I 5).

Suirprisingly X-irradiation enhalnces the 14C_
labelling of glycolate and relatively enhances (com-
pared to P-glycerate) the labelling of glycine anl
serine at lower doses. The latter is comparable to
the restults of Zill and( Tolbert (21). It seems that
the photosynthetic metabolism is shifted toward
glycolate anid its derivatives by the uncouipling
action of N-irra(liationi. A similar shift of the
metabolism toward glycolate by the actioni of an
uncoupler of photophosphorylation has been re-
portecl by Tolbert (20). The Krebs cycle pro(duicts,
however, were more severely inhibited (20). In
ouir experiments 14C-labelling of citric, malic, anl 1

aspartic acids correspondingly is decreasecl more
severely by lowcdoses of N-rays (fig 4). On1 the
other haid, Tolbert (20) reports a predominialnt
inhibition of the produlcts of glycolate metabolism
(glyeiie and serinie) as well as of suicrose as a
conseqiuence of inhibited electroni transport, while
uind(er the same con(litioins the produicts of the Krebs
cycle are less inhibited. Oulr experimenits (fig 4
and 5) also show that high N-ray doses, which
inihibit the electroni transport (16, 19), decrease
considerably the _4C-incorporation inito glycilne.
serine, and sulcrose w\hile that into aspartate and
malate is not additionally decreased andcl the '4C-
labelling of citrate is even somewsNhat less inhibited.

Hence, with all 3 groups of substances the re-
sullts of '4C-illcorporation can be explainedI at this
stage with the ass imption that also ill ivo lower
X-ray doses act primarily on photophosphorylation
while higher closes additionally begin to sulppress
electron transport. Thuis oulr resuilts are in agree-
ment with the findings onl isolated chloroplasts ('16).
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