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RESULTS

Distribution of '4C within Source and Sink Leaves. Fixation
of 14C varied with sampling position and with age of the source
leaf (Table I). For example, "C distribution (dpm/mg dry
weight) between lamina tip and base was uniform in source leaf
7 because the entire lamina had ceased expanding and was
photosynthetically mature. In source leaf 4, however, "C in
the mature tip consistently exceeded that in the immature base.
In both the tip and base of the young lamina, "C per unit dry
weight was always greater than in corresponding parts of the
mature leaf.

Vein and petiole loading in source leaf 7 began soon after
labeling (Table I). In both tissues "C increased up to 12 hr
after which it declined. The very low activity monitored in the
petiole of source leaf 4 over the 48-hr treatment period indi-
cated that mid-vein loading and translocation out of the young
leaf was minimal. These low recoveries conformed to those
obtained from cottonwood source leaves at LPI 4 in a previous
study (14). Considerable activity was found in the major veins
of source leaf 4 when compared to the petiole. However, some

of this activity may have resulted from mesophyll tissue adher-

Table I. Distribiutioni of 'IC wiuhlii Solurce
anid Sintk Cottonlwood Leaves

Percentages are based on the total activity recovered from
each leaf.

Leaf Part

2 hr
Tip
Base
Vein
Petiole
Total

6 hr
Tip
Base
Vein
Petiole
Total

12 hr
Tip
Base
Vein
Petiole
Total

24 hr
Tip
Base
Vein
Petiole
Total

48 hr
Tip
Base
Vein
Petiole
Total

Source Leaf Source Leaf Sink Leaf
LPI 7 LPI 4 LPI 4

dp/nilng dry, dpn1/rmg dry dpn1/mg dry
WI X (t3 0 t X 10-3 , i' X 10-31

186 39.2 616 50.7 0.2 3.2
174 36.7 467 38.4 0.6 8.7
92 19.3 131 10.8 2.0 27.9
23 4.8 1.4 0.1 4.3 60.2

475 1215.4 7.1
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168

104

53

535

126

137

134

129

526

120

130

73

61

384

74

74

49

50

247

31.5
19.4
9.9

24.0

26.0

25.6

24.4

31.2

33.8

19.0

16.0

29.9

30.2

19.7

20.2

380

123

1.3

941.3

301
259
113

1.0
674.0

427
272
45
0.4

744.4

231
190
65
1.9

487.9

380440.3

13.1

0.2

44.7
38.5
16.7
0.1

57.3
36.6
6.0
0.1

47.3
39.0
13.3
0.4

9.4

24.1

35.3

71.0

28.5

42.5

83.8

85.7

240.5

15.2

23.3

55.2

55.6

149.3

5.2

10.7

42.4

49.5

107.8

. 1
13.2
33.9
49.8

11.8
17.8
34.9
35.6

10.2
15.6
37.0
37.2

4.8
9.9
39.3
46.0

ing to the veins. On a per milligram dry weight basis, loss of
14C from source leaf laminae (tip + base, Table I) of both ages
was about 60% between 2 and 48 hr. On a total lamina dry
weight basis, the losses were 46% and 31% from LPI 7 and
4, respectively, during the same period; the latter values
allowed for differences in total lamina weight. Thus, the young
leaf retained more photosynthetically fixed 14C than the older
leaf. Export accounted for much of the loss from the mature
leaf while respiration undoubtedly was responsible for most
of the loss from the young leaf.

Import of '4C-photosynthate by sink leaf 4 from source leaf
7 was evident at the end of 2 hr. As activity decreased in
source leaf 7 it increased in sink leaf 4 (Table I). A comparison
of the "4C-fixation patterns of sink leaf 4 with those of source
leaf 4, indicated that considerably less photosynthate moved
into the mature tip than into the still expanding base of the
sink leaf. Previous autoradiographs of importing leaves of
similar age showed only vein labeling in the tip region (14).
In sink leaf 4 of the present study the highest concentrations
of imported "4C occurred in the mid-vein and petiole, both of
which are regions of intense tissue differentiation.

Chemical Fractions of Source Leaf Laminae. Activity in the
amino acid and organic acid fractions of the mature leaf de-
creased rapidly while that in sugars increased during the 1st
hr after treatment (Fig. 3A). Despite the rapid metabolism
of amino acids and organic acids, approximately 80% of the
"4C in the lamina of source leaf 7 was still in water-alcohol-
soluble compounds 2 hr after labeling. Subsequent activity
decreased rapidly with sampling time as these constituents
were either metabolized or translocated out of the leaf. By 48
hr, activity in the water-alcohol-soluble fraction had declined to
about 45% of the total activity remaining in the lamina, while
it increased to 20% in the chloroform-soluble fraction (lipids +
pigments) and to 24% in the insoluble protein plus residue
(structural polysaccharides) fractions.
The sugar and organic acid fractions from the lamina of

source leaf 4 contained considerably less activity than these
same fractions from the mature leaf (Fig. 3B). Thus, 14C-amino
acids comprised a relatively greater proportion of the water-
alcohol-soluble compounds in source leaf 4. The data also
suggest that the metabolic conversion of these water-alcohol-
soluble compounds into chloroform-soluble compounds and
proteins proceeded rapidly. By 12 hr after treatment, the
major portion of the "4C was recovered from these latter two
fractions. At the end of 48 hr 65% of the total activity was
recovered from the chloroform plus protein fractions while
18% remained in the water-alcohol fraction. Proportionately
little of the "4C-photosynthate produced by the young source
leaf was incorporated into the residue fraction, i.e., the
structural polysaccharides within the laminar tissues.
The concentration of starch found in the leaf of any plant

is highly variable and it can be influenced by a wide variety
of environmental parameters. In this study, activity in the
starch fraction was relatively low in both the mature and the
young source leaf laminae (Fig. 3, A and B). In source leaf 7,
starch 14C activity increased gradually with time to about 10
to 15% of the total in the lamina. In source leaf 4, 14C incor-
poration into the starch fraction was rapid during the first 2 hr,
and then declined gradually with time. Our cottonwood plants
were cultured under high nitrogen supply and low light in-
tensity, both of which could have contributed to the low starch
content (21).

Chemical Fractions of Sink Leaf Laminae. "4C-photosyn-
thates imported by the laminar tissue of sink leaf 4 within the
first 2 hr of treatment consisted primarily of sugars and smaller
quantities of amino acids and organic acids (Fig. 4A). The
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FIG. 3. Relative distribution of 14C among major chemical fractions from cottonwood laminae as a function of time. All percentage values

based on 14C actually recovered. Time is in hours starting with the release of 14CO2 to the leaf. The data to the left of the first break in the graph
are from a separate short term experiment. Fully expanded mature leaf, source leaf 7 (A) and young developing leaf, source leaf 4 (B). OA:
organic acid; AA: amino acid.

loss of activity between 2 and 6 hr from the amino acid
fraction, and to a lesser extent from the organic acid fraction,
indicated that these labeled constituents were principally im-
ported products rather than conversion products of the im-
ported sugars. If the amino acids had been converted from
sugar in the lamina, a sharp increase preceding the decline
in the "4C-activity curve would have occurred. Although some
chloroform-soluble compounds, proteins, and starch were syn-
thesized from the imported photosynthate in sink leaf 4, the
quantity was considerably less than that synthesized from the
in situ-produced photosynthate in source leaf 4. For example,
in sink leaf 4 "C incorporation into the chloroform and protein
fractions accounted for approximately 40% of the 48-hr
activity, while in source leaf 4 it accounted for about 65%. In-
corporation into the residue fraction of sink leaf 4 was
proportionately more than twice that in source leaf 4, but it
still represented a small percentage of the total activity.

Chemical Fractions of Petioles and Veins. The activity pat-
terns of the major chemical fractions in the petioles reflect both
"C transport and deposition within the developing vascular
tissues. Data for the mid-veins have not been presented graphi-
cally because they were similar to those for the petioles. At the
2-hr sampling, a large proportion of the "C in both source leaf
7 petiole (Fig. 4B) and sink leaf 4 petiole (Fig. 4C) was

recovered in the sugar fraction. In this case, the percentage
data are somewhat deceiving. On an absolute basis, total
activity in dpm/mg in the sugar fraction increased with time
for 6 to 12 hr and then decreased. However, on a percentage
basis, this trend was masked and activity in the sugar frac-
tion decreased continuously as it was rapidly metabolized into
other constituents. With increasing time after labeling, activity
increased in the higher mol wt constituents (chloroform and
protein fractions) and in the cell wall polysaccharides (residue
fraction) in the petioles of both leaves.
Even though the lamina of a leaf at LPI 7 is mature, sec-

ondary development of the vascular and structural tissues of
the mid-vein and petiole continues for several more plasto-
chrons (8). Consequently, petioles of source leaf 7, as well as
those of sink leaf 4, incorporated a high percentage of "C
into the residue and high mol wt structural constituents.
Considering all constituents, the time-course patterns of "C-
activity were remarkably similar for the petioles of both source
leaf 7 and sink leaf 4.

Recoveries from source leaf 4 petiole (Fig. 4D) were in
sharp contrast to those from sink leaf 4 petiole (Fig. 4C). At
the end of 2 hr only about 50% of the total activity was
recovered in the water-alcohol fractions from source leaf 4
petiole while about 85% of the total "C was found in these
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Table II. Distributioni of 14C ini Developinig Source anid Sinlk Cottoni-
wood Leaves 48 Hr after Labelinig

Percentage data are the same as in Figs. 3 and 4. Specific radio-
activity (dpm/mg.) represents the absolute values from which
the percentages were derived.

Source Leaf 4 Sink Leaf 4
Chemical
Fraction

Lamina Petiole Lamina Petiole

dpin/mg dpmlmg % dpm/mg % dpm/mge%O dry wt o dry wt ° dry wi o dry wt

Residue 4.5 9528 14.5 195 10.7 845 24.8 9901
CHCl3 19.6 41480 10.5 141 13.2 1043 9.3 3682
Protein 44.0 92838 24.1 324 24.5 1934 22.1 8848
Starch 11.8 24858 15.6 209 12.8 1012 23.2 9293
H.20-soluble 20.1 42398 35.3 474 38.8 3074 20.6 8256

fractions from sink leaf 4 petiole. Between 2 and 12 hr there
60 was a slight decrease in activity in the water-alcohol solubles

B s and a simultaneous increase in the protein, starch, and
50s SOURCE PETIOLE 7 residue fractions of source leaf 4 petiole. Over-all, these

changes were not great. When interpreting these data, it must
40

\ be borne in mind that less than 1% of the 14C fixed by source
40 leaf 4 was recovered from the petiole at any one sampling time

(Table I), and that less than 5% was exported in a 24-hr
30 E period (14).

E \ - - The foregoing results describe the time-course distribution
EL 20 \ SUGAR of chemical constituents in sink leaf 4 and source leaf 4, but

/-- STARCH the percentage data provide an inexact picture as to their
JO origin. In Table II, the percentage data are presented together>\>777 A yAwith the dpm/mg data from which they were derived. The

cRc',>oCH,./°main component of interest is the residue fraction represent-J 7gr b } ing the structural carbohydrates. On a percentage basis, the
_I 7

young sink lamina incorporated over twice as much "4C into
structural carbohydrates as the young source lamina (10.7%

60 versus 4.5%). However, on an absolute dpm/mg basis, theZ C source lamina incorporated over 11 times as much "C as the
z5c SINK PETIOLE 4 sink lamina (9528 versus 845 dpm/mg) into the structural

W \ carbohydrates. This means that most of the material utilized
40 in the synthesis of cell wall constituents within the lamina was

derived from in situ-produced photosynthate. These patterns
30 were almost exactly reversed in the petiole. Although the sink
30 A leaf petiole incorporated almost twice as much "C as the
2RR-OTEIN source leaf petiole on a percentage basis (24.8% versus 14.5%),20USTGAAR it incorporated 55 times as much on an absolute dpm/mg

basis (9901 versus 195 dpm/mg). Therefore, the bulk of the
cI,' ...... .....3 /RESI.UE photosynthate utilized in the synthesis of structural carbo-
-<--.. . hydrates in the petiole of developing leaf 4 was imported from

AA - older leaves farther down the stem.
Partition of the Sugar, Amino Acid, and Organic Acid

Fractions. Sucrose was the major labeled sugar in both source
5O 0D leaf 7 and sink leaf 4 (Table III). In source leaf 4, most of

SOURCE PETIOLE 4 the activity was recovered in glucose and fructose. Label in40 sugars heavier than sucrose, identified as raffinose and
stachyose in cottonwood, tended to increase with treatment

30 time in all leaves. This indicates that the turnover rate was
ROTEIN slower for these heavy sugars than for sucrose. Activity in

20 AESlDUE_SIDUE
SA\)-CH,I.~ P-,' -o FIG. 4. Relative distribution of "C among major chemical frac-

lo 0-A:\- s, ,/. tions from cottonwood laminae and petioles as a function of time.o/ \ _ -___ 'd STARCH Developing leaf, sink leaf 4, importing "C activity from source leaf
7 (A); petiole of exporting leaf, source leaf 7 (B); petiole of import-

2 6 12 24 48 2 6 12 24 48 ing leaf, sink leaf 4 (C); petiole of exporting leaf, source leaf 4
TIME (hrs) (D). OA: organic acid; AA: amino acid.
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the heavy sugar fraction ranged from 5.8 to 30.4% of the
total "C in sugars at any one sampling time (Table III).

All amino acids isolated contained some activity. Serine and
alanine were the most heavily labeled amino acids recovered
from both source leaf 4 (Table IV) and source leaf 7 (Table
V) during the first one-half hour after treatment. The per-
centage of activity found in serine was greater in the mature
than in the young lamina, which suggests a more active
glycolate pathway in the mature leaf. Although the largest

Table III. Distribution of 14C among Individual Sugars of Source
and Sinik Cottonwood Lamintae

Origin refers to the position on the thin layer plates that con-

tained sugars of higher mol wt than sucrose, principally raffinose
and stachyose. Short labeling periods did not provide enough
activity in sink leaf 4 for the determination of individual sugars.

Time (hr)

0.5 1.0 6 12 24

% total suigar

Source leaf 7
Origin 10.6 14.6 5.8 7.7 15.0
Sucrose 48.2 74.7 52.1 78.8 34.6
Glucose 20.6 5.6 21.1 5.3 25.5
Fructose 20.6 5.7 21.0 8.3 24.9

Source leaf 4
Origin 13.6 15.7 8.2 18.2 30.4
Sucrose 11.7 32.4 9.5 21.9 25.9
Glucose 34.8 23.0 41.4 26.4 25.6
Fructose 39.9 28.9 40.9 33.6 18.1

Sink leaf 4
Origin 22.6 6.3 15.9
Sucrose 58.8 71.3 64.9
Glucose 10.5 10.0 8.0
Fructose 8.1 12.4 11.2

Table IV. Distribution of 14C amontg Individual Amino Acids from
Yountg Source Cottontwood Laminae

Treatment time is the number of hours elapsed after presenta-
tion of 14CO2 to source leaf 4. Values are percentages based on

total activity of all amino acids shown. Each time sequence repre-
sents an individual tree, which accounts for some of the variation.
However, amino acids from additional trees exhibited similar
distributions.

Time (hr)
Amino Acids

0.25 0.5 1.0 2 6 12 24 48

% total activity

Asp 2.8 6.2 13.3 13.6 16.6 34.9 16.0 4.3
Glu 4.8 3.4 8.6 22.9 29.8 22.0 16.0 13.2
Arg 1.0 4.5 3.1 10.8 15.5 10.4 22.1 6.7
Asn 1.8 5.7 9.0 2.7 2.7 5.5 2.6 4.5
Gln 3.3 2.7 15.4 10.5 16.2 3.1 4.0 5.1
Ser-Gly 31.0 42.3 5.7 3.7 2.3 3.8 4.2 7.6
Thr 5.7 3.5 11.2 4.7 3.5 5.9 5.2 7.4
Ala 28.0 18.2 25.2 17.9 8.4 6.0 9.3 16.5
Val-Met 7.6 5.3 4.0 4.1 1.9 2.4 5.8 9.4
Phe 8.6 3.6 1.9 3.7 1.3 3.2 6.8 11.9
Leu-Ile 5.4 4.6 2.6 5.4 1.8 2.8 8.0 13.4

Table V. Distributioni of 14C among Inidividual Aminto Acids from
Mature Source Cottoinwood Laminiae

Treatment time and percentage calculations as in Table IV. In
addition to the time series for the lamina of source leaf 7, data are
also presented for the 24- and 48-hr petiole series. Glutamic acid in
the lamina and glutamine in the petiole are underlined to point
out the shift towards the amine presumably in transit out of the
leaf.

Time (hr)

Amino Acids Leaf Petiole

0.25 0.5 1.0 2 24 48 24 48

% total activity

Asp 4.7 4.9 10.9 14.5 26.5 16.9 7.3 2.1
Glu 3.3 3.2 6.8 24.4 38.1 37.1 21.2 19.9
Arg 0.8 1.5 1.7 1.8 2.6 10.6 2.3 1.8
Asn 1.7 2.1 2.3 3.4 1.9 4.1 7.8 6.3
Gln 15.8 2.6 30.2 26.6 3.1 4.2 38.9 47.4
Ser-Gly 50.8 62.8 27.5 7.5 3.9 3.2 3.9 2.6
Thr 3.9 2.2 4.0 1.9 5.0 4.0 3.2 3.0
Ala 15.2 9.9 6.0 8.2 9.4 7.5 3.5 2.8
Val-Met 0.9 3.2 4.2 3.4 3.4 3.6 2.2 2.8
Phe 1.1 4.0 5.3 5.6 3.3 6.5 5.4 i6.8
Leu-Ile 1.8 3.6 1.1 2.7 2.8 2.3 4.3 4.5

changes in labeling patterns occurred within the first 2 hr,
changes in these patterns continued for up to 48 hr. As a
group, aspartate, glutamate, and glutamine contained a greater
percentage of the "C at the 2-hr and 6-hr sampling periods.
These are common storage and translocation amino acids in
cottonwood (7) and their activity decreased with time, whereas
the percentage of 14C in such amino acids as leucine, phenyl-
alanine, and valine tended to increase. Arginine and alanine
also contained considerable activity, especially in the young
leaf. These trends indicate that turnover was more rapid in
the aspartate, glutamate, glutamine group.

There was strong evidence for preferential translocation of
the amides, glutamine, and asparagine. When the "C per-
centage in these amino acids from petiole and lamina of source
leaf 7 were compared (Table V), there was an increase in the
activity of glutamine and asparagine and a decrease in the
activity of the corresponding acid. This selectivity was ap-
parently restricted to the mature leaf as there was no con-
sistent change in the percentage distribution of these amino
acids between leaf and petiole of source leaf 4.

In the organic acid fraction, citrate, malate, and phos-
phorylated compounds contained most of the "C-activity
(Table VI). Six to eight other radioactive spots were present on
the thin layer plates but their combined activity constituted
only a small percentage of the total in the organic acid frac-
tion. The percentage of "C in citrate and malate decreased with
time relative to the sugar phosphates and other phosphorylated
compounds-located at the origin on the thin layer plates-
which increased with time. Total "C-activity in each of the
organic acids decreased with time but at different rates. Thus,
the change in percentage distribution among the compounds
shown in Table VI is an indication of their relative turnover
rates in cottonwood leaves.

DISCUSSION
Differential incorporation of in situ-produced and imported

photosynthates should be expected on the basis of spatial
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Table VI. Distribittionz of1'C amon
Acids from Younitg a,clMal

Cottomu'ood Laini
The radioactive spot at the origin on

tained sugar phosphates and other phc
Theunknown from source leaf 4 was an
with a RF slightly greater than malate; ti
source leaf 7. Percentages are based o
shown in the table.

Organic Acid

Source leaf 4
Origin
Citrate + malate
Unknown
Succinate

Source leaf 7
Origin
Citrate + malate
Succinate

38.4
44.1
8.4
9.1

25.0
70.2
4.8

distribution alone. Carr and Pate (3)
expanding leaf would utilize much of it
synthesis of chloroplast proteins and o
while the imported photosynthate w

synthesis of polysaccharides. About t
reported that imported photosynthate
elaboration of insoluble carbohydrate
leaves.
The results of this study lend consi

findings because compartmentation o

tion of photosynthate into specific ci

occur, depending on leaf age and pho
young leaf the utilization of imported
photosynthate was not completely s

siderable activity was found in all fra(
source. Nevertheless, incorporation
leaf 4 indicated that certain metabolic
For example, when leaf 4 was the s(
the sugar fraction of the lamina wa

transformation of the photosynthetic
into proteins and pigments was rapid,
activity was incorporated into structur
leaf 4 was the sink leaf, the importe
primarily sucrose. Subsequent incorp(
twice the activity in structural carbol
half the activity in proteins and pigm(
Thus, in source leaf 4 over 45% o

protein fraction while in sink leaf 4
label was found in the protein fraction

These total protein fractions gave n(
of the labeled protein. Conceivably, th
from imported photosynthate might hf
cell wall development, and that der
labeled photosynthate might have co

chloroplast development. Fraction I
slowly in plants kept in the light (20)
the major portion of '4C-labeled proto
cottonwood leaves (D. I. Dickmann, p
Radioactive amino acids and sugars,

g Inidividulal Organiic out of the chloroplast after labeling (18) and presumably
tlure Solurce they are available for further synthesis throughout the cell.
,iae It is important to recognize that the foregoing patterns in the
ithe thin layer plate con- leaf lamina were based on percentage distributions of "4C
)sphorylated compounds. activities actually recovered. But as shown in Table II, in-
unidentified organic acid corporation of "4C into structural carbohydrates was 11 times

his acid was not labeled in greater in source leaf 4 than it was in sink leaf 4. Therefore,
nly on the organic acids even though imported photosynthate was preferentially in-

corporated into cell wall material represented by the struc-
tural carbohydrate fraction, most of the new wall material in

Time (hr) the lamina of a leaf at LPI 4 would nevertheless be derived
from in situ-produced photosynthate because of its greater

1 12 24 availability. Leaves younger than LPI 4, in which imported
photosynthate predominated (14), would undoubtedly incor-

%Gt(7/al ac{tivty porate a greater proportion of the imported photosynthate
into cell wall material of the lamina.

46.1 53.4 60.4 An entirely different pattern of incorporation was found in
39.9 38.1 30.9 the petiole. In contrast to the lamina, there was relatively
9.0 3.6 4.3 little difference between leaf 4 source and sink petioles in the
5.0 4.9 4.45.0 4 9 4 4 percentage distribution of activity among the chloroform,

protein, and cell wall fractions (Fig. 4, C and D). However,
on an absolute activity basis, the amount of '4C incorporated24.6 48.6 49.8 into the structural carbohydrates from photosynthate trans-

71.1 46.8 46.4 located into the petiole of LPI 4 from LPI 7 was about 55
times greater than that derived from its own lamina (Table II).
Imported photosynthate was equally important in development
of the major vein system of LPI 4. In a previous study (14),

postulated that a young a high concentration of imported photosynthate in the veins
ts own photosynthate for of LPI 5 was clearly illustrated with autoradiographs in
ther structural materials which the relatively mature mesophyll was unlabeled but the
)uld be utilized for the developing veins were heavily labeled.
his same time, Joy (11) The foregoing incorporation patterns conform both to
contributed more to the anatomical development (8) and to total 14C-fixation patterns
than to protein in young (16) in expanding cottonwood leaves. In cottonwood, as in

many other plants, import to specific areas of the lamina ceases
derable support to these and export from them begins with maturation of the mesophyll
tr differential incorpora- and minor vein endings. These tissues mature basipetally in
iemical constituents did the lamina and the photosynthate produced in situl in a young
tosynthate origin. In the expanding leaf is utilized predominantly for their develop-
versus in situ-produced ment. On the contrary, the petiole and major vein system
egregated because con- mature acropetally and their structural development depends
ctions irrespective of the strongly on imported photosynthate. Because these distribu-
patterns derived from tion patterns are in continual flux, the relative roles of the in
pathways predominated. situ-produced and imported photosynthate constantly change
ource leaf, initial "4C in as each leaf ages and assumes a new functional position within
s always relatively low, the dynamic shoot system.
-ally incorporated label Fixation rates of "4CO2 also follow these maturation patterns.
and proportionally little In source leaf 4, activity based on dry weight was greater in
ral carbohydrates. When the lamina tip than in the base. In both areas of source leaf
d '4C-photosynthate was 4, it exceeded that fixed by source leaf 7. Such high levels of
oration resulted in over "4C were unexpected because dark respiration rates were
iydrates and about one- slightly higher and net photosynthesis was lower in the
ents as in source leaf 4. young than in the mature leaf (6). However, we have confirmed
f the label was in the these high 14CO2 fixation rates in subsequent work. They
only about 25% of the could be reconciled with the relatively lower net photosyn-
after 48 hr. thesis of young leaves if dark respiration CO2 came from a
o clues as to the location substrate pool that was slowly labeled in the light. Thus only
e labeled protein derived a small amount of 14CO2 fixed from short labeling periods
ave been associated with would be subsequently lost in respiration (5. 22). Low
rived from the in situ- photorespiration rates may be another factor contributing to
ontributed primarily to high '4CO2 fixation. For example, Salin and Homann (24) have
protein turns over very shown that immature leaves of several plant species exhibit
This protein comprises lower photorespiration rates than mature leaves. The low

ein in young developing level of activity found in the serine-glycine fraction of source
ersonal communication). leaf 4, compared to that found in source leaf 7, would indicate
however, move rapidly a reduced capacity for photorespiration if serine and glycine
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are major compounds involved in transfer of CO2 in the
glycolate pathways (27).
The results of this and previous studies (8, 14, 16) indicate

that cottonwood leaves follow a precise anatomical and physio-
logical developmental sequence as they mature. Maturity of
the mesophyll starts at the leaf tip and proceeds in a
basipetal direction. Simultaneously, the relative importance of
imported photosynthate decreases and that of photosynthate
produced within the leaf increases continuously as the meso-
phyll matures. Within the leaf there is considerable com-
partmentation of imported and local photosynthate that varies
depending on the stage of development. This compartmenta-
tion was shown by the relative distribution of "C among the
various chemical fractions of the lamina from source and sink
leaves. On the other hand, the petiole and the major vein
system show little compartmentation and depend almost
exclusively on photosynthate imported from other leaves for
their development.
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