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Isolated chloroplasts form labeled sugar phos-
phates in the light in the presence of C14O, and suit-
able cofactors (1, 4, 5,15, 30). They contain, there-
fore, all the enzymes needed for the uptake and re-
duction of CO., and the transformation of the result-
ant compounds (22). It is not known, however,
whether the photosynthetic formation of sugars (or
sugar phosphates) in the leaf cell is confined to the
chloroplast or proceeds in chloroplast and cytoplasm
alike. In the latter case a specific function of the
chloroplast vould consist in the light dependent
formation of ATP and TPNH3. Enzymes of photo-
synthetic dark reactions would then be distributed
throughout the plasm. In the former case at least
some of these enzymes could be expected to be lo-
cated exclusively in the chloroplasts.

The followinig article deals with the localization
of three enzymes of carbohydrate metabolism, namely
carboxvdismutase4 and the TPN and DPN-dependent
triosephosphate dehydrogenases. In the experiments
a nonaqueous method of chloroplast isolation has been
employed (6. 7, 18, 31) since chloroplasts isolated
by one of the common aqueous methoods are exposed
to leaching of enzymes (19) and other substances
(32). In contrast to these latter methods, a diffu-
sion of hydrophilic compounds such as enzymes,
sugars, amino acids etc. from their original loca-
tion wvithin the cell (loes not take place in the frozen
dried tissue preparations used in the nonaqueous pro-
cedure (Heber, unpublished results). Thus this
procedure is well suited for localization studies. It
has been employed previously to determine the (lis-
tribution of enzymes (19. 31), sugars (18), amino
acids (20), and inorganic ions (32) between chloro-
plasts and the remainder of the leaf cell.

'Received Sept. 17, 1962.
2 This work was sponsored in part by the United

States Atomic Energy Commission and in part by the
Deutsche Forschungsgemeinschaft.

3 Abbreviations: TPN and TPNH, oxidized and re-
duced triphosphopyridine nucleotide, respectively; PGA,
phosphoglyceric acid.

4 Carboxydismutase is synonymous with ribulose-1,5-
diphosphate carboxylase.

Material
MXIature leaves of Tetragonia expansa Murr, Nico-

tiana Tabacum L., Secale cereale L., Trifoliumi re-
penis L., Vicia faba L., ssp. minor, and Spinacia
oleracea L. were obtained directly from the field.
Spinach sometimes was purchased at a local market.

Methods
Chlloroplast Isolation. The procedure is described

in detail elsewhere (18) and consists briefly of the
following steps:

I. Freeze-drying of leaves, frozen quickly in
li(quid air or dry ice and petroleum ether, at -20 to
-25° in vacuo.

It. Grinding of the dry leaves in petroleum
ether/CCl4 (20/80 v/v) in a cooled Waring blendor
for 5 minutes.

IlI. Centrifugation of the broken material at
different densities of the organic solvent (different
ratios petroleum ether/CCI4) and collection of the
chloroplast-containing fractions.

It was important to apply further purification
steps in addition to the normal procedure to obtain
pure preparations (21). The chloroplast isolation
was performed mostly at 00 and only in few cases
at room temperature. In the former case, very little
chlorophyll was extracted (or destroyed) by the
organic solvent (0-5 %). In the latter case, more
chlorophyll was lost (up to 25 %). The results of
chlorophyll determinations of the fractions were
corrected for the loss of chlorophyll due to extraction
as follows: The total chlorophyll content of all the
fractions was compared with that of the starting
miiaterial. From this the percent loss of chlorophyll
due to extraction into petroleum ether/carbon tetra-
chloride and due to destruction could be calculated.
Values were then corrected assuming proportionate
losses in all fractions.

Fractions Used for Enzyme Determinations. En-
zymes were determined in the chloroplast fraction, in
unfractionated tissue and in chloroplast-depleted
tissue, which is the material remaining after the re-
moval of the chloroplast fraction. Since yields of
chloroplasts were in the order of 15 to 50 % in our
isolation procedure, chloroplast-depleted tissue con-
tained between 50 and 85 % of the chloroplasts of
intact tissue.
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Comlparable conditions wvere maintained by- treat-
ing all fractions as much as possible in a xsimilar
nmanner. Time of exposure to organic solvents, tem-
perature environnments, an(l (Irving con(litions were

the same for all three fractions of a given leaf prep-

aratioin. Chlorophyll was (leternmine(l according to

Arnoin (2 ) ancd protein according to LoNvry et al.

(23). after appropriate clhecks witlh the Kjeldlahl
nitrogen procedure.

Enzynie Determtinations. Carboxvdisnizutase (25).
Smiiall test tubes containedl a solution of the follow-
ing in pimoles: tris, 15.0: MgCl. 2.0; cysteine 0.5;
ribulose-1,5-diphosphate. ca. 0.4: and NaHC'408.'
0.5 (8 sc). The pH was 8.0. The reaction was

started by a(lling 100 dAl of solution containing ca.

30 t.g of protein, an(d termiinate(d by ad(dling 50 Aliters
of 50 %4 CCI.COOH after 10 mlinutes at roomii teni-
perature. C 4-PGA Nwas countedl after spreading an
aliqluot on an alumlinumli planchet (11). All assays

xw-ere perf-ormied in (luplicate or in triplicate. Results
are expresse(l in couints per miinute of labeled PGA
per niig p)rotein in the reaction timiie. The rep)ro(luci-
bilitv wvas better than -+5 ' in mlost cases.

TPN-Dcpeuden t Trioscpli ospha te Delvwrogecnasc.
AAn opitical assay mletlhodI wvas used (8, 34 ). The re-

actioni iiixture containe(l in a final volulmne of 2.5
nml in iAmoles: tris, 100: AlgSO .. 20: cvsteine, 13:
glutatlhionie. 2.6: PGA, 22.5; .\TP 2.7;5: and 0.2 mig
proteini. Thle pH w\as 7.5. The reaction wvas start-
e(l byv addling 0.4 uimole of TPNH. The same mlix-
ture xvas usetl as control except thalt PGA xas omit-
te(l. Readingsxv\ere mla(le every 30 seconl(ls at 340
i,. 'I'lTe (lecrease of the ol)tical (lensitv in the first
iiiinute of the reaction was iused to calculate the re-

action rate. Since the addition of phosplhoglvcerate
kinase did nlot stimlulate the reaction but was slight-
lN, inhibitorv, it was assutmi1e(d that end(logelnous phios-
phoglycerate kinase \was available in excess. No
phosphoglycerate kinase was addleld, therefore, in the
routine (letermlinatioiis. The TPN'\H c ')IIsuniption
of the controls did not excee(d 1.5 sumoles 'mg of p-ro-
tein/houir. Results are expressed in Buciicher -Uits
per ing of protein. One Biicher unit e(quals a tuirn-
over rate of 0.03 umole coenzyme/100 secon(ls or 1.08
mnioles/hour at 250. The reproducibility of the re-

stilts wvas better tlhatn +'3 ',
DP.V-Dcpcndent Tritoscpli ospia te Dechvdrogcnasc.

The same p)roce(lure as (lescribedl above was used

except that TPNH xv-as substituted by DPNH.
Pyruvate kiniase was (letermlinedl according to Biicher
an(l Pfleiderer (10).'

Calculations. T;he chloroplast protein/total pro-
tein ratio of leaf cells anl(l the yield of clhloroplasts
fromii the (Irie(l leaves aire easily calculated from the
available chlorophyll and lprotein (lata. Since the
chlorophiyll is locat&d ntirely in tlle chloroplasts
the fractionl of the' chloroplast p)rotein present in
the total proteini of "l cell is giv-eil by the e(quation
r/ = 2, xxhere t- is the avxera-e chloroplhx-11 conltenlt
of the total plrotein and(I v tlle chloropllyll conitent of
the protein of the isolatetl chfloroplasts. Similarly.,

thle percenit yield of the isolatedl chloroplasts (a
is calculated from the equation 100 w,
whenl -u is the total amount of clhlorophyll in the iso-
late(l chlioroplasts and v is that in the tissue prior
to the isolation procedlure.

The specific actiity of the cytoplasm is (leter-
inle(l in twvo ways: A. by comparing the specific

activitv of chloroplast protein w-ith that of intact
tissue, and(I B, by comparing the specific activity of
chloroplast protein w\-ith that of chloroplast-depleted
tissue. A. In thee(luationi a + (1 - z) b =,
wvhere (a is the lspecific activity of chloroplast-. c
is that of intact tissue, and z- is the ratio of chiloro-
plalst protein to total protein. only the specific activity
of the cytoplasm b is unknown. B. The equation
(z - . a ,100) a + (1-) b -= d (1 c,,w 100)
is a mo10dification of e(quation A and allows compari-
son of thle activity of cilloroplasts with thalt of chiloro-
plast-(lel)letedl tissuie obtaiile(l friomil the sanie isola-
tion plroce(lure. The sl)ecific activxity of chloroplast-
(leleted(l tissue is (lesigniate(l by d.

If thle specific activities of the l)roteins in cyto-
p)lasm aind( chloroplast are knowvn, the distriblutio
of an enizyime wvithini the cell can be calculatel. Thlle
value 1002 a 1z a + (1 - z')b is the per-
centage of thle total enzymie content of thle cell plresenit
ill the chloroplast fraction.

Howvever, the chloroplast fraction was not pure.
'Therefore, the ohtained values wvere correcte(d where
necessary, for a cytoplasm ic contain ination of the
chloroplast fraction. This was (lone as follows: The
percentage of the total pyruvate kinase of the cell
l)resent in the chloroplast fraction \\,;as (leterineile(l
as shmown ahove. This percentage las consi(lere(l a
(lirect mieasuire of the cvtoplasimc contamination of
the chloroplast fractioni (19). Evidence will lbe ple-
seiete(l in a later publ)lication that pyr!uvate kinase is
not plresent in chiloroplasts in vivo. Tlhen Z (chloro-
plast plrotein total plrotein ) \\was correcte(l for thle
cvtoplasnmic contaminiiation o)f thle chloroplast frac-
tion yielding a low\er value.

Usilig the original value of 2 and the experiment-
alIx obtaiiiecd values of a, c, and( d, the specific activity
of the cvtoplasmic plrotein \was (leterilhiine(d for the
enzyme whliose (listribution was un(ler i nvestig-ation.
The (calculated) specific activity of cvtoplasmic pro-
tein is not affecte(d by a cytoplasmic contamination
of the chloroplast fraction. \Vre theni insertedl the
correcte(l value of 2 in the equationis A and B. Using
the slpecific activities of cytoplasmi (as calculated ),
intact tissue anid chloroplast (leplete(l tissue (as (le-
teri inle(l experimentally) ), wse obtaitled 1w recalculat-
iing correctedl values of the specific activity of chloro-
p)lasts a. The corl-ectedl specific activity of the
chloroplasts aid(l the correcte(d vaitiue of 2 w\-ere then
used to calculate the percentage of the total enizyime
conitenit of the cell preselit in the pure chloroplasts.

The ahove equations are dlerivedl vithout regardl
for the tlcalization of activators and inhibitors witlh-
in spiec parts of the cell. For aldolase the specific
occu1r-rence of ail inihihitor in non-chloroplastic l)arts
of the cell has beeni rel)orte(l ( 13.1
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Results
Carboxydismutase. The activity of carboxydis-

mutase in different cell fractions is shown in table
I. From these values and additional data on the
protein distribution within the cell and the yield of
chloroplasts, the localization of carboxyli smutase

Table I
Actizity of Carboxydismnutase in Differentt Cell Fractions

One unit carboxydismutase = 105 counts/minute
labeled PGA/mg protein per 10 minutes incubation.

Experi- Intact Chloroplast
ment no Material Chloroplastsntissue depleted

tissue

1 Nicotiana 20.3 10.5
2 Nicotiana 0.93 0.6
3 Tetragonia 10 8
4 Tetragonia 23.2 14.1 11.7
5 Spinacia 9.0 5.7
6 Spinacia 20.2 14.7 11.8
7 Spinacia 11.2 7.5 6.7
8 Spinacia 8.4 8.5 5.8
9 Spinacia 20.2 19.2 14.6

was calculated usinig methods A and B (table II).
Results of method A differ considerably. but in ex-

perimleints 1, 2. and 7 practically all of the carboxy-
dislmiutase was detected in the chloroplasts while in
all cases the mzajor part of carboxydisnlutase was

found there. Sometimes, however, the calculated
specific activity of the cytoplasnm (experiments 3, 6
& 8. miiethod A) suggests that in fact not all of the
carboxydistiiutase is located in the chloroplasts and(
that a relatively low level is maintained also in the
cytoplasnii.

Another explanation is possible, however. DIur-
ing freeze-drying and subsequent treatment with or-

ganic solvent, carboxydismutase loses part of its
activity. The chloroplasts were exposed to grind-

Table II
The Localization of Protein & of Carboxydistttase

Activity in the Chloroplasts As Compared
With the Whole Leaf Cell

chools % of the total car-
Experi- chloropl.st boxydismutase activitymetn.Material protein inpreninclolatmentno. ~~total cell preen incioolat

protein
1 Nicotiana 56 110
2 Nicotiana 61 95
3 Tetragonia 61 77
4 Tetragonia 54 89 100
5 Spinacia 57 90 ...
6 Spinacia 58 80 93
7 Spinacia 64 96 98
8 Spinacia 73 72 96
9 Spinacia 67 ... 88

* Calculated according to method A.
**Calculated according to method B.

ing, centrifugation, aind fre(uent changes of solvent.
These conditions were different fronm those experi-
enced by the intact tissue. Hence, in some cases,
the chloroplasts lose more activity than the intact
tissue and, therefore, an apparently high content of
carboxydismnutase in the cYtoplasm results.

Ahile intact tissue is not (lerived froml the samiie
preparation as the chloroplast fraction. chloroplast-
depleted tissue is obtained in the same procedure.
Therefore, we conmpared the activity of chloroplasts
with that of chloroplast-depleted tissue and calculated
the specific activity of the cytoplasml accor(ding to
nmethod B (table II, B). The results inldicate higlher-
percentages of carboxvdismlutase in the chloroplasts
than those calculated by metlhod A for the same ex-
perinments. It anmounts in nmost cases to practically
100 %. It can, therefore, be conclu(le(d that carboxy-
lismlutase is located mainly in the chloroplasts. A
very low level of carboxy(lismiiutase in the nonichloro-
plastic part of the plasm cannot, however, he ex-

Table III
Activity & Distribuition of TPN-dependent Triosephosphate

Dehydrogenase in Differenlt Cell Fractions

Experimentno.
~1 2 3 4 5Experime.nt no. Trifolium Secale Vicia Spinacia Spinacia

% Chloroplast protein in total protein 80 68 76 70 61
Specific activity*

in chloroplasts 44 50.5 26.8 40 36
in intact tissue 38.5 31.6 22.1 26.5 28.5
in chloroplast-depleted tissue 33.6 28.2 16.6 26.1 21.5

A** ~~~~~~~15.5 0.0 7.1 0.0 17in cytoplasm B*** 3.5 0.0 0.0 5.3 9.7
Yield of isolated chloroplasts in %c of total chloroplast
content of tissue 30.2 29 50 36 47
% of the total dehydrogenase activity A** 92 109 94 106 77
present in chloroplasts B*** 98 105 102 95 85

* Specific activity in Biucher units/mg protein.
** Calculation performed according to method A.

*** Calculation performed according to method B.
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clu(le(l, especially sinice somiie I)lant species contain
in the nonchloroplastic part of the cell inhibitors of
CO., fixation wlhiclh max or maxv not imask the action
of carboxvdismutase (21 ).

TPAT-Depewlenit 7'I'ioscplosplia(te Dehldrogenase.
Experiments showing the activity of TPN-dependent
triosep)hoslphate (lehy(lrogellase in (lifferent cell frac-
tions all(l the results of calculations are liste(d in

table 111. The calculation shoxv s as in tile case of
carboxydi smutase that the TPJ)N-dependent trio-
sephosphate (lehd(Irogenase is located in the chloro-
plasts. Tlle amount of TPN-triosephosphate (le-
hydroggenase calculate(d for- the cytoplasim lies xwithin
the limlits of experimental error. A possible excep-
tioln is exp)erilmlent 5, wxhere spinaclh x%vas p)urchased
froml a local market. This material imiight have been

lamage(ld.
IPA'-D c)peci/ecu 7'riosc/'l osphatc I)ieh'vdrogcenasc.

Table 1V shows the r-estilts of deteriniilatioins ot

I)PN-dependent triosephosphate (lehvdrogenase in

(liffer-elnt cell fractions. Contrary to the results oh-
tainle(l in the case of the two other enzyAmes (tables
I & III), the specific activity is lowxest in the chloro-
plasts aind highest in the chloroplast-depleted tissue.
The calculations reveal that approximatelxy 50 5, of
the enzvme is locate(l in the chloroplast fraction.
However, the chloroplast fraction was not pure and
the contamination with cytoplasnm ha(l to be taken
into account. The amilounit of pyruxvate kinase present
in the chloroplast fraction served as indicator of a

cytoplasmic contamination (19. see also MIethods').
Considering this contamiiination, betxveen 20 and 40 %
of the total amiiount of DPN-dependent triosephos-
phate (lehyd(lrogenase wvas foun(d in the chloroplasts
(table TV).

Discussion

The miethod (lescrlibe(l above gives (lirect (jualita-
tive and,tun(ler certain circumistanices. quantitative
evi(lence for the localization of substances in chloro-

plasts or cytoplasm. \NVhen the specific activitv of
an enzyne in the tissue increases after removal of
chloroplasts, this particular enzyme miiay be located
preferentially in the cytoplasm. W\hen the specific
activity (lecreases, the enz-me max be locate(d main-
lx in the chloroplasts. No chainge in the specific
activitv maxv in(licate an e(qual (Iistrihution xvithiin the
cell l)lasni.

A contamination of the isolated chloroplasts by
cvtoplasm (loes not affect the resuilts of quantitative
localization stu(lies when the elnzymie is located enl-
tirelv in the chloroplasts. Since the cliloroplasts are
compared wvith the remlaind(ler of the cell, even con-
tam inate(l chloroplasts contain all the activitx. \Whei
the enzmme occurs in chlloiroplasts as well as in the
nonellchloroplastic p(artt of the cell plasm or in the
latter onl-, then contaniiniiationi of the chloroplasts
lead(s to inaccurate riesults ani(l the purity of the
chloroplast prepalraition) becomes of pIarticular imlport-
aniice. h'lle purity ofit solated nonaqueous chloroplast.
l(ls l)eeil considered in (letail previously 19-21.
31-33 ). A rough1 criterion for the purity of a chloro-
plalst preparation of leaves is a clhloroplast pr'otein to
total protein ratio fromii 0.55 to 0.65 in mature leaves
wxhile highier ratios maxy indicate contamination wxith
cytoplasmic protein. A better criterion is gixen by

enzvmic measurements : an enymme not present ill

ViVo in the chloroplasts and found( in the prepara-
tion is a (lirect measure of a conitamlinatioin ( l)9.

The (luestion of wvhether or not the chl)rOplasts
wx-ere pure is of limiiite(d initerest in the case of car-

boxydisnmutase an(l TPIN-dependent trioseplosp)alte
dehydrogenase. since practically all the enzynie Nvas
found to be located in the chloroplasts aind( a conI-
tamination does lnot inifltuenlce the finfal result. In

the case of DP'.N -(lel)en(lent triosephosphate (lehy-x
drogenase the inifluence of a contamiiinsation shall be

consi(lere(l mlore closely. The equations for cal-
culating the enzyme (listribution define the cytoplasm
her-e as a nonchloroplastic l)art of the cell, xvhile the

Table IV
.Icti-'itY & Distribution of DPN-Dcpendlent I'riosephiosplzatc

I)Dchydroqenase in Differ-entt Cell Fractions

Experiment no.

% chloroplast protein in total protein
% chloroplast protein in total protein, correcte(d
Specific activity*

chloroplast fraction
chloroplasts (corrected)
intact tissue
chioroplast-deplete(d tissue

cytoplasmn
Yield of isolated chloroplasts in , of total
chloroplast content of tissue
% of the total dehydrogenase activity of A**
the cell present in chloroplasts B***

* Specific activity in Biicher units /mg protein.
** Calculation performed accordinig to method A.

*** Calctulatiotn performe( according to tfletllo(l B.

3
Vicia

4 6 8

Spinacia
76 70 60 62 67
69 60 50 57 59

12.8
6.9

15.4
16.6
23.6
21.5

50
36
30

14.1
10.8
19.2
21.5
31.2
32.4

36
36
33

15.8
14.0
18.3
20.0
22.0
22.8

55
40
37

17.4
15.3
19.9
25.0
26.6
32.4

40
43
39

10.0
6.3

18.1
19.5
34.0
30.2

45
22

22
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chloroplast fraction covers chloroplasts plus a certain
amount of cytoplasmic contamination. Therefore
the specific activity of the chloroplast fraction does
not necessarily reflect the specific activity of chloro-
plasts in their morphological sense, while the cal-
culated specific activity of the cytoplasm is not in-
fluenced by a contamination of the chloroplasts with
cytoplasm, but only by the normal limits of error of
the applied methodls. This served as the basis for
elimination of the influence which cytoplasmic con-
tamination of the chloroplast fraction wouldl exert
on the final result. WVe first determined the specific
activity of the cytoplasmic proteins using data uncor-
rected for cytoplasmic contamination of the chloro-
plast fraction. By recalculating with corrected
values, wre then obtained the percentage of enzyme
present in pure chloroplasts. Thus between 20 and
40 % of the total amount of DPN-dependent trio-
sephosphate dehydrogenase of the leaf cell was found
to be located in the chloroplasts.

Many workers have studied the localization of
enzymes inside the cell. Only in few cases, however,
was the quantitative distribution determined, since
most experiments used subcellular particles isolated
in an aqueous medlium. Thus only a minor part of
the total carboxydismutase content of the leaf was
recovered in the chloroplasts after their isolation
from buffered solutions (25, 26, 28). Using a non-
aqueous procedure (31), however, Smillie and Fuller
(28) found that the activity of carboxydismutase
parallels the chlorophyll content of preparations ob-
tained in the fractionation of frozen dried leaves.

Nothing is known so far on the quantitative lo-
calization of triosephosphate dlehydrogenases, al-
though the TPN-linked enzyme was found only in
green plant parts (14, 16) or autotrophic organisms
(13). Arnon (3) considered at first that the en-
zyme was located in the cytoplasm. but Rosenberg
and Arnon (27) later found part of the enzyme in
the chloroplasts. Brawerman and Konigsberg (9)
showed parallel formation of chlorophyll, chloro-
plasts, and TPN-linked triosephosphate dehydrog-
enase in Euglena cells and discussed a possible in-
duction of the synthesis of this enzyme by TPNH.
Their results indicated the localization of a consider-
able fraction of the TPN enzyme in the cytoplasm.

From our experiments we conclude, on the other
hand, that TPN-dependent triosephosphate dehydrog-
enase as well as carboxydismutase are located en-
tirely or nearly entirely in the chloroplasts of ma-
ture leaf cells. Carboxydismutase catalyzes the up-
take of CO. into ribulose diphosphate to form PGA.
TPN-dependent triosephosphate dehydrogenase can
subsequently reduce PGA after its phosphorylation
to the triose level. The localization of both enzymes
in the chloroplasts is further evidence for their im-
portance in photosynthesis. At the same time the
results suggest that at least part of the photosynthetic
dark reactions occur exclusively in the chloroplasts.

Losada, Trebst, and Arnon (22) found about
equal amounts of DPN- and TPN-dependent trio-
sephosphate dehydrogenases in isolated chloroplasts,
although only in minor amounts. From their data

approxinmately 0.2 Biicher units of these enzymes
per iig protein can be calculated for the chloroplasts
as compare(l with values ranging from 10 to 50
Biicher units per mg chloroplast protein in our ex-
perimeints. Only the TPN enzyme was effective in
bringing about the reductive fixation of C14O. in the
light. On the other hand, Smillie and Fuller (29)
found predominantly the DPN-dependent enzyme in
photosynthetic bacteria. They concludedl that this
enzyme plays a major role in bacterial photosyn-
thesis. Our calculations reveal for leaves of Vicia
and Spinacia the presence of about 30 % of the
total DPN enzyime of the cell in tlle chloroplasts.

The reaction rates of the examined enzymes in
frozen drie(d tissue preparations can be calculated
from the (lata in tables I, III, and IV. The highest
activities of carboxydismutase observed in chloro-
plasts of Nicotiana, Tetragonia, and Spinacia leaves
were about 2 106 counts/min per mg of protein in
10 minutes or ca. 2 Anmoles CO. uptake per mg of pro-
tein in an hour, corresponding to 30 /nmoles 'mig of
chlorophyll per hour. The loss of activity (lue to
freeze-drying andl treatnment with organic solveents
was not (letermined for carboxydlismutase, but
amounts in the case of other enzymes to ca. 30 to
50 %. If this applies also for carboxydismutase
about 60 /Amoles CO2 uptake/mg of chlorophyll per
hour are catalyzed by carboxydismutase under the
reaction conditions. This value is to be compared
with a maximal photosynthetic CO. uptake of 100
to 200 /Amoles/mg of chlorophyll per hour by the in-
tact leaf (17, 35). Other workers, however, have
found higher values for carboxydismutase (24).

Activities of TPN-dependent triosephosphate de-
hydrogenase observed in chloroplasts of Trifoliuni,
Secale, Vicia, and Spinacia leaves were in the range
of 30 to 50 Biicher units/mg chloroplast protein.
This is equivalent to ca. 450 to 750 /Lmoles of PGA
reduced/mg chlorophyll per hour without regard for
enzyme destruction due to freeze-drying and organic
solvent. Apparently TPN-linked triosephosphate
dehydrogenase is available in large excess as com-
pare(l wth the maximal efficiency of photosynthesis
in the intact leaf.

Reaction rates of DPN-dependent triosephosphate
dehydrogenase are considerably less than half that
of the TPN enzyme in chloroplasts, but amount in
the cytoplasm up to more than 30 smoles of PGA re-
duced/mg of protein per hour.

Summary
A method has been developed to determine quanti-

tatively the distribution of enzymes between the
chloroplasts and the remainder of the cell. It is
shown that carboxydismutase and TPN-dependent
triosephosphate dehydrogenase are located entirely
or nearly entirely in the chloroplasts. DPN-depend-
ent triosephosphate dehydrogenase occurs in chloro-
plasts as well as in the cytoplasm, but in the latter
place at a higher concentration. Only about 30 %
of the total amount of the DPN enzyme of the cell
were found in the chloroplasts.
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