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Summary. Cotyledons of Cucurbita maxima Duch. 
seedlings were provided with 14C-labeled amino acids 
for 12 h. Besides the bulk of labeled amino acids 
the sieve-tube exudate also carried labeled proteins. 
80% of the incorporated radioactivity was found in 
the P-protein, 20% in a neutral protein, and traces 
were found in acidic proteins after fractionation on 
diethyl-aminoethyl cellulose columns. The radioactive 
elutes were characterized by autoradiographs of both 
disc- and sodium dodecyl sulfate-gelelectrophero- 
grams, and by isoelectric focusing. The P-protein frac- 
tion appeared with the void volume from the diethyla- 
minoethyl-cellulose column. Obviously, this is the 
protein that gels when oxidized and that is reversibly 
precipitable giving rise to filaments when processed 
for electron microscopy. Its main component has a 
molecular weight of 115,000 Dalton. By isoelectric 
focusing this fraction separated into 3 proteins with 
isoelectric points of 9.8, 9.4, and 9.2. The isoelectric 
point 9.2-protein probably is identical with an oligo- 
mer of a 30,000 Dalton protein with neutral isoelectric 
point, which keeps 20% of the incorporated label. 
Microautoradiographs suggest that the labeled 
proteins were synthesized in companion cells. The 
results indicate that P-protein of Cucurbita maxima 
is synthesized continuously in mature phloem. It can 
be assumed that P-protein has a relatively high turn- 
over rate. Therefore it seems unlikely that P-protein 
is a "structural" protein. 

Introduction 

The term phloem-protein or P-protein was proposed 
by Esau and Cronshaw (1967) to replace the inappro- 
priate term "slime". Since then, many students of 

* Supported by Deutsche Forschungsgemeinschaft. 
Abbreviations. DEAE=diethylaminoethyl; SDS=sodium dodecyl 
sulfate; pI = isoelectric point 

phloem physiology, dissatisfied with the pressure-flow 
theory of translocation, have suggested that P-protein 
somehow participates in assimilate transport. The rea- 
son for it is that fixed P-protein can be resolved under 
the electron microscope as filamentous material, 
which sometimes occludes the sieve pores. Thus, P- 
protein has become a name for protein that appears 
filamentous and sometimes occupies the lumen of 
sieve pores when processed for electron microscopy. 
Its occurrence seems to be restricted to angiosperms. 

Biochemical investigations of P-protein were ini- 
tiated on Cucurbita species (Walker and Thaine, 1971 ; 
Kleinig et al., 1971 ; Weber and Kleinig, 1971), where 
exudate from severed organs has been shown to con- 
sist entirely of sap from mature sieve tubes (Eschrich 
et al., 1971). This exudate contains P-protein, which 
under certain conditions can be precipitated. Since 
precipitation by potassium chloride is followed by 
dissolution during dialysis, it was conjectured that 
the filaments could be a contractile protein similar 
to actin (Kleinig et al., 1971 ; Ilker and Currier, 1974). 
However, recent investigations have failed to confirm 
this hypothesis (Kleinig et al., 1975 ; Palevitz and Hep- 
ler, 1975). 

Sieve tube exudate of Cucurbita gels when exposed 
to air (N/igeli, 1861). This is due to the presence 
of a basic protein, which becomes oxidized (Walker, 
1972). Analytical procedures therefore have to be 
carried out under reducing conditions. Agreement ex- 
ists that the P-protein of Cucurbita is composed of 
two major fractions, a 116,000 and a 30,000 Dalton 
fraction. The latter can di- or polymerize and then 
appear as a 60,000 Dalton protein or as part of the 
116,000 fraction. Recently, Kleinig et al. (1975) de- 
monstrated that only the 116,000 Dalton fraction 
forms filaments when precipitated and processed for 
electron microscopy. This is the P-protein and pre- 
sumably it is a "structural" protein. 

Our results are in partial agreement with those 
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of Kleinig et al. (1975). However, in this communica- 
tion we show that P-protein is composed of more 
than one protein, and that the P-proteins can be syn- 
thesized anew in mature phloem. 

Material and Methods 

Cucurbita maxima Duch. cv. Gelber Zentner was grown at 
25 ~ C + 2 ~ C in the greenhouse. In winter additional light was pro- 
vided by several Osram HQLS 400 Wat t  lamps to give 22,000 Lux 
at the level of  the plants from 7 am to 7 pm. Sieve-tube exudate 
was tapped from cut hypocotyls of  seedlings as described previously 
(Eschrich et al., 1971 ; Heyser et al., 1974). Exudate of  30 seedlings 
was collected in 1 ml 50 m M  Tris/HC1 buffer, pH 7.8, with 10 m M  
2-mercaptoethanol and 0.5 m M  dithiothreitol. 

Exudate-proteins were labeled by applying 1.5 gCi of  a mixture 
of  [14C]amino acids (protein hydrolysate from Chlorella; Amers-  
ham-Buchler,  Braunschweig) in small droplets to each cotyledon 
of 14-day-old seedlings, which 3 days earlier had been transferred 
to aerated Hoagland 's  solution. The surface of the cotyledons had 
been roughened with ca rborundum powder. Plants were incubated 
with [14C]amino acids for 12h  before sieve-tube exudate was 
collected. 

Protein precipitation for liquid scintillation counting was 
carried out  with an equal volume of 10% trichloroacetic acid and 
1% silicotnngstic acid in acetone. Liquid scintillation counting 
was performed either with a Tracerlab (ICN) Corumatic-200 or 
a Hewlett-Packard Tricarb III in either Bray's solution, Aquasol  
(NEN) or Unisolve 1 (Zinsser, Frankfurt).  

Sieve-tube exudate was cleared of small molecules in a 15-ml 
column of Sephadex G-25 at 4 o C eluted with the collecting buffer. 
Small peptides were removed by this procedure. The reunited 
protein fractions then were led through a 30 cm column of DEAE 
cellulose SS (Serva, Heidelberg), and fractions were collected as 
described previously (Heyser et al., 1974). 

Disc-gelelectrophoresis was carried out as described previously 
(Eschrich et al., 1971). 

SDS-gelelectrophoresis was performed according to Shapiro 
et al. (1967) and Dunker  and Rueckert  (1969). Ferritin, catalase, 
aldolase, egg-albumin, bovine serum albumin, chymotrypsinogen 
A and cytochrom c were used as marker  substances with known 
molecular weights. Electrophoresis was performed at room temper- 
ature with 7 mA/gel for 5 to 6 h. The gels then were forced out  
with compressed air, kept in 20% sulfosalicylic acid for 24 h in 
the dark, stained for 12 h with 0.02% Coomassie brilliant blue 
R 250 (ICI), dissolved in 12.5% trichloroacetic acid, and destained 
with 10% trichloroacetic acid in the dark for 2 to 3 days. 

For preparative isoelectric focusing according to Haglund 
(1967), 110 ml columns from LKB were loaded as suggested by 
the manufacturer .  Electrophoresis was started with 300 V. After 
20 h the current was adjusted to 700 V. Electrophoresis was termi- 
nated after the current strength had been constant  for 12 h. The 
sucrose gradient was made UP with 6.5 M urea solution. 10 ml 
of 1% aspartic acid were layered between the sucrose and the 
anode liquid. These precautions were necessary to prevent precipi- 
tation of acidic proteins. 20-drop fractions were collected automati-  
cally (LKB 7000) and their protein content  was recorded at 280 nm 
(PMQ II, Zeiss). The pH was taken from elutes of  every second 
fraction. For  measurement  of  radioactivity by liquid scintillation 
counting, fractions were filled up to 4 ml with distilled water, and 
10 ml of either Aquasol  or Unisolve was added. 

Gross autoradiographs of freeze-dried seedlings were prepared 
according to Eschrich (1966). 

Microautoradiographs  of  phloem tissue were made as follows: 
Seedlings, labeled with 30 gCi of  [14C]protein hydrolysate for 12 h 

were plunged intact into liquid nitrogen. Three min later the hypo- 
cotyls, broken off the plants, were transferred to an  ethanol/acetic 
acid mixture (3:1) made very cold with lumps of dry ice. After 
12 h freeze-substitution in a deep-freeze, the fixative was allowed 
to warm up to room temperature. Pieces of  vascular bundles were 
cut out, postfixed in buffered OsO4, and run through a graded 
series of  ethanol and propylene oxide. Embedment  was in Epon 605 
at 60 ~ C. 1 gm-sections were taken on an LKB-ul t ra tome III with 
glass knives. The sections were stretched and dried on glass slides. 
Pieces of  Kodak  A R  10 stripping-film, floating on double distilled 
water with 2% sucrose and 0.001% KBr were picked up with 
submerged slides. After drying on silica gel, the slides were kept 
for 3 to 4 weeks at 4 ~ C in a dry box. Microautoradiographs were 

developed with Kodak  D 19b developer for 5 min (20 ~ C), fixed, 
washed, dried, and enclosed in gum arabic/potassium acetate-syrup 
(Eschrich and Currier, 1964). Photomicrographs were taken with 
phasecontrast  illumination. 

For  autoradiographic recording of  labeled proteins, 1 m m  
slices of  the polyacrylamide gels were cut longitudinally as 
suggested by Fairbanks et al. (1965). The wet slices were arranged 
on a filter paper which covered a porous  clay plate tightly fixed 
to an evacuation box made of plexiglas. Gel slices and filter paper 
sheets were covered smoothly with plastic foil. Using a water-jet 
vacuum pump  to reduce the pressure below the clay plate, the 
gel Slices were firmly appressed to the filter paper, and kept flat 
during the drying time of 2 to 3 h, shortened by use of a warm 
lamp. X-ray film (Agfa-Gevaert  Curix RP 1) was used for autora- 
diographs. 

Results 

Movement and Incorporation 
of l~C-labeled Amino Acids 

When seedlings of Cucurbita maxima, growing in aer- 
ated Hoagland's solution, were provided with 1.5 pCi/ 
cotyledon of a mixture of l~C-labeled amino acids, 
gross autoradiographs of the plants showed a distri- 
bution of the tracer as indicated in Figure 1. Within 
5 h of incubation, radioactivity had been exported 
from both cotyledons, reaching down to the roots 
and up to the shoot tip. The young primary leaf 
in Figure 1 imported labeled material mainly into the 
lower part of the leaf blade, which obviously was 
not yet fully differentiated (Turgeon and Webb, 1975). 

When such a seedling is quick-killed by freezing 
in liquid nitrogen, microautoradiographs of the vas- 
cular bundles of the hypocotyl can be obtained, i n  
which only radioactivity incorporated in insoluble 
material is recorded. This is because all soluble tracers 
have been washed out. The quick-killing procedure 
is necessary to keep the radioactive material in place. 
Severing of the bundles before killing allows displace- 
ment of sieve-tube contents, including the result of 
sudden turgor release in the sieve tubes. It has been 
demonstrated histochemically that surging also causes 
desplacement of enzymes from companion cells into 
the sieve tubes (Lehmann, 1973). 

Figure 2 shows the distribution of label in a cross 
section of the internal phloem of a hypocotyl bundle. 
Silver grains are concentrated at sites of companion 
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However, most of the radioactivity was from the 
transported labeled amino acids. 

When the exudate was treated with trichloroacetic 
acid and silicotungstic acid, macromolecular material 
was precipitated and could be washed free of soluble 
radioactive compounds. This precipitate, taken up 
with 0.4 N NaOH, was radioactive also. In another 
experiment this precipitate was dialyzed and incubat- 
ed with pronase P, a mixture of proteolytic enzymes 
from Streptococcus griseus. Subsequent precipitation 
with 10% trichloroacetic acid and 1% silicotungstic 
acid and centrifugation produced radioactive material 
in the supernatant only; the pellet was free of radioac- 
tive compounds. 

Thus, besides the bulk of radioactivity represented 
by labeled amino acids, the sieve-tube exudate con- 
tained a small amount of labeled proteins or acid- 
precipitable peptides. The specific activity of this frac- 
tion was low, 5 to 6 dpm/pg protein. 

Fig. 1. Autoradiograph of a Cucurbita seedling treated for 5 h 
with 1.5 pCi L-[l~C]leucine/cotyledon. Borders of the freeze-dried 
plant are outlined in black 

cells. The same distribution was found in the external 
phloem. Figure 3 shows microautoradiographs of two 
serial radial longitudinal sections of the external 
phloem. The cambial layer is diffusely labeled. The 
prominent secondary sieve tube with the torn inner 
network probably was immature. It contains only un- 
labeled material, as do the parenchyma cells adjacent 
to the right. However, companion cells of the late 
metaphloem sieve tubes are covered by dense accumu- 
lations of silver grains. 

It can be concluded that 14C-labeled amino acids 
applied to the cotyledons were exported via the meta- 
phloem and that, in the mature metaphloem, some 
were utilized for synthesis of insoluble material in 
the companion cells. 

Identification of the Insoluble Radioactive Material as 
Protein 

The sieve-tube exudate of seedlings treated with 
[14C]amino acids for 12h was highly radioactive. 

Fractionation of Labeled Proteins 

Fractionation of sieve-tube exudate on a column of 
DEAE cellulose was found by Heyser et al. (1974) 
to be advantageous, because the gelling components 
are eluted first, obviously with the void volume. Thus, 
several protein fractions, including some with enzymic 
activities, can be eluted subsequently by applying a 
linear gradient of NaC1 or KC1 to the same column. 
The solid-lined curve in Figure 4 shows peaks 1 to 
15, which correspond with the numbering introduced 
by Heyser et al. (1974, Fig. 5). Peaks 8 to 15 are 
eluted by the NaCl-gradient. 

The pattern changes, when the sieve-tube exudate 
is cleared from substances of low molecular weight 
prior to fractionation. Best results were obtained by 
passing the sieve-tube exudate through a small col- 
umn of Sephadex G-25. The dotted-lined curve in 
Figure 4 shows the peaks eluted from a DEAE-cellu- 
lose column, which had been loaded with sieve-tube 
exudate cleared from small molecules by Sephadex 
G-25. It is evident that the former peaks 5, 6 and 
7 are now missing. We assume that they had been 
produced earlier by peptides of low molecular 
weights. 

All fractions of DEAE-cellulose columns were 
collected and separately subjected to liquid scintilla- 
tion counting. Table 1 gives the absolute and the spe- 
cific activities of each peak. 

Comparing these data with Figure 4, it can be 
seen that the shaded sections of the solid curve indi- 
cate labeled protein peaks. 
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Fig. 2a and b. Microautoradiograph of internal phloem of a hypocotyl bundle, a Focused on section showing xylem (Xy), metaphloem 
(Ph) and parenchyma (Par); St sieve tubes; Cc companion cells, b Focused on photographic emulsion showing dense accumulations of 
silver grains at sites of companion cells (Cc) 

Fig. 3A and B. Microautoradiographs of external phloem of a hypocotyl bundle. A and B Two serial radial longitudinal sections. 
a focused on sections, b focused on photographic emulsion. Ca cambial layer; Cc companion cells; Par parenchyma; St sieve tubes 
of the metaphloem; sSt immature secondary sieve tube; sXy secondary xylem. Arrows in b point to identical sites in both sections 
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Fig. 3A and B 
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Fig. 4. Separation of sieve-tube exudate on a DEAE-cellulose column. Solid line: Transmiss ion at 251 nm of elute f rom exudate from 
60 seedlings of Cucurbita maxima, collected in 50 m M  Tris buffer, pH 7.8, with 0.5 m M  dithiothreitol and 10 m M  2-mercaptoethanol.  
Peaks 1-7 were eluted with 50 m M  Tris buffer, pH 7.8, with 0.5 m M  dithiothreitol. Peaks 8-15 were eluted with a linear gradient 
of  0 to 500 m M  NaCI in the same buffer. Dotted line: Exudate was cleared of low molecular weight substances with a 15 ml column 
of Sephadex G-25 prior to fractionation on DEAE cellulose. Peaks 5, 6 and 7 are now missing. They may have been consisted of 
low molecular weight peptides. Shaded peaks are those, which contain radioactive proteins when the cotyledons of the seedlings had 
been provided with 14C-amino acids (compare Table 1) 
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Fig. 5. Patterns of protein bands appearing when single peaks from 
DEAE-cellulose elutes were subjected to discelectrophoresis on 
7.1% polyacrylamide, pH 8.9, and stained with Amidoblack 10B 
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Fig. 6. Elutes of  peaks 1-14 from the DEAE-cellulose column were 
denatured with 4 M urea and 1% SDS, and subjected to gelelectro- 
phoresis by employing reducing conditions with 2% 2-mercapto- 
ethanol and with 0.1% SDS. Staining with Coomassie brilliant blue 
reveals patterns of  distribution according to molecular weights 
(compare Table 2) 

Table 1. Distribution of radioactivity of  protein fractions after fractionation on DEAE cellulose (dpm) 

Peak-No. 1 2 3 4 5 6 7 8 + 9  10 11 12 13 14 15 

Abs. activity i l , 8 6 4  225 107 1,177 132 - - 240 215 161 . . . .  
Spec. activity 6.0 - - 10 250 - - - 6.0 6.0 6.0 . . . .  
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Characterization of Labeled Proteins 

The fractions obtained from DEAE-cellulose columns 
were combined to give elutes of peaks 1, 2, 3, 4, 
8, 9, 11 +12, and 13+14, as numbered in Figure 4. 

Subjecting these elutes to disc-electrophoresis on 
polyacrylamide and staining with Amidoblack 10 B 
(Merck) shows that each peak contains several 
proteins, and that some of the same proteins obvious- 
ly occur in more than one gel. Figure 5 shows sche- 
matically the distribution of the main bands of 
proteins. 

When the same elutes of peaks 1-4 and 8-14 of 
the DEAE-cellulose column are subjected to SDS-gel 
electrophoresis, proteins are separated according to 
their molecular weights (Fig. 6). It seems noteworthy 
that peaks 1-3 in Figure 6 show more bands than 
in the disc-pherogram of Figure 5. As will be shown 
later, this relates to highly basic proteins in peaks 
1-3 that have not entered the disc gel, which was 
run with buffer of pH 8.9. 

By comparison with marker proteins of known 
molecular weights, the molecular weights of proteins 
in SDS gels can be estimated as indicated in Table 2. 

In order to get some idea as to which of the 
proteins in the gels was radioactive, we tried methods 
of gel-autoradiography, gel dividing, and counting 
of I mm slices of the gels. Eventually, it turned out 
that the method involving exposure of longitudinally- 
sliced gel sections to X-ray film gave reproducible 
results. 

Figure 7A shows an autoradiograph of a gel slice 
taken from a SDS-electropherogram including all 
proteins of the exudate. Two bands are labeled heavi- 
ly, and two others lightly with radioactivity. The 
drawing to the left illustrates the bands of an SDS 
gel stained with Coomassie brilliant blue. The labeled 
bands are indicated by dots. They correspond to esti- 
mated molecular weights of 115,000, 60,000, 30,000, 
and 21,000 Dalton. 

Figure 7B shows an autoradiograph of a slice of 

Table 2. Molecular weights ( x  103) of  proteins in SDS gels. Gel 
numbers  correspond to peak numbers  in Figure 4 

Peak No. 1 2 3 4 8 9 l l + 1 2  13+14  

Molecular 170 
weights 155 I55 

115 115 i15 115 

75 75 
60 65 60 - 
45 50 

30 
22 24 22 -- 

150 150 150 150 

95 95 95 95 
- -  7O 70 7O 

- -  30 30 - 

2 2  - -- 15 

Fig. 7. Autoradiographs  of gel slices from SDS-A and disc-B dec- 
t ropherogram, each aligned to drawings with the stained protein 
bands. Black dots indicate radioactivity of  the band, even though 
not  always apparent  in photograph,  because of very low specific 
activity 

disc gel. Much less radioactivity is recorded here than 
in Figure 7A. As mentioned earlier, and to be shown 
later on, this is because basic proteins with a pI 
greater than the pH 8.9 of the electrode buffer are 
not included. Comparison of the two autoradio- 
graphs, gives one the impression that the bulk of 
the labeled proteins is in the SDS-gel-that is, in the 
gel containing the basic proteins. 

The radioactivity of some bands indicated by 
black dots is very low. It must be remembered, howev- 
er, that the amount of protein administered to a gel 
was small. Commonly, a single gel was loaded with 
a protein solution of only 500 to 1,000 dpm. This 
handicap of low specific activity prohibits the autora- 
diography of single peaks obtained from DEAE-cellu- 
lose columns. An increase of specific activities may 
be possible when plants are exposed to the a4c- 
labeled amino acids for a longer period. However, 
experiments of this kind indicated that the labeled 
proteins of the sieve-tube exudate are subject to 
protein degradation. 

Fractionation by Isoelectric Focusing 

Beyenbach et al. (1974) investigated both a protein 
fraction I with a molecular weight of 115,000 Dalton 
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Fig. 8. Isoelectric focusing of sieve-tube exudate from 100 seedlings 
of Cucurbita maxima. Curve with black dots as measuring points 
was obtained from exudate kept under strong reducing conditions 
with 25 mM dithiothreitol. Curve with open circles as measuring 
points was obtained from exudate kept under relatively weak reduc- 
ing conditions with 0.5 mM dithiothreitol. Dotted line represents 
pH values of the fractions 
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Fig, 10. SDS-electropherograms of peak fractions obtained by iso- 
electric focusing. Bands came into view by staining with Coomassie 
brilliant blue. For scaling of approximate molecular weights com- 
pare scale in Fig. 7A 
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Fig. 9. Isoelectric focusing pf peak 1 of the DEAE-cellulose elute. 
Note that this basic protein fraction gives rise to a small peak 
with pI 7.2, while the peak pI 9.2 is slightly reduced compared 
with that in Fig. 8 

and a protein fraction II with a molecular weight 
of 30,000 Dalton by electrophoresis on cellulose ace- 
tate. They concluded from their results that the iso- 
electric points of both kinds of proteins must be higher 
than pH 9.5. 

Since recent results of Kleinig et al. (1975) clearly 
show that these basic proteins include the P-protein, 
which appears filamentous when processed for elec- 
tron microscopy, the results we obtained with isoelec- 
tric focusing of sieve-tube exudate should be of special 
interest. 

Unfortunately, this method has its upper limit at 
pH 10. However, by adding 6.5 M urea to the sucrose 
gradient and positioning a cushion of 1% aspartic 
acid between the sucrose gradient and the anode li- 
quid, we were able to obtain reproducible curves with 
3 different peaks of basic proteins. Figure 8 shows 

such a curve with open circles as measuring points. 
The isoelectric points of the proteins were estimated 
with 9.8, 9.4, and 9.2. However, this type of curve 
was obtained only when weak reducing conditions 
were employed, with 0.5 mM of  dithiothreitol in the 
collecting buffer. 

When the amount  of the reducing agent was 
increased to 25 mM, there was a drastic change, as 
indicated by the curve in Figure 8 with black dots 
as measuring points. The basic peak with pI 9.2 disap- 
peared and instead a new peak with pI 7.2, a neutral 
protein, appeared. 

The 3 basic proteins (pI 9.8, 9.4, 9.2) belong to 
peak 1 of  the DEAE-cellulose elute, tn Figure 9, only 
this fraction was subjected to isoelectric focusing. One 
can see that in addition to the 3 basic proteins part 
of the protein with pI 7.2 is included. This suggests 
that the neutral protein is a derivative of the basic 
proteins. Since strong reducing conditions promote the 
formation of the pI 7.2 protein and the concomitant 
disappearance of pI 9.2, we can conclude that the 
neutral protein is a reduction product  of the basic 
protein pI 9.2. 

Figure 8 shows some protein peaks with pI 4.9 
and lower. These acid proteins are those eluted from 
the DEAE cellulose by a linear NaCl-gradient and 
numbered as peaks 8-15. 

In another experiment the peak fractions Obtained 
by isoelectric focusing were subjected to SDS gelelec- 
trophoresis. Results are shown in Figure 10. Surpris- 
ingly, a considerable number of proteins with identi- 
cal pIs, but with different molecular weights ap- 
peared. Although some of these bands may be smaller 
units of one and the same protein, it seems evident 
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Fig. 11. Isoelectric focusing of labeled exudate cleared of low mo- 
lecular weight material by Sephadex G-25. Curve with open circles 
as measuring points gives optical density (280 nm) of fractions. 
Curve with black dots as measuring points shows radioactivity 
of fractions 

that (1) in addition to the 3 basic P-proteins (pI 9.8, 
9.4, 9.2) there exist more than 1 protein with the 
same pI; and (2) pI 7.2 is the only fraction that con- 
tains the 30,000 Dalton protein designated as the 
monomer of P-protein fraction II by both Beyenbach 
et  al. (1974) and Kleinig et al. (1975). 

In order to determine which of the proteins was 
radioactive, exudates of 20 labeled and 80 unlabeled 
plants were subjected to isoelectric focusing after be- 
ing cleared of low-molecular weight material by Se- 
phadex G-25 (Fig. 11). The curve with the open circles 
as measuring points gives optical densities at 280 nm; 
the curve with the black dots as measuring points 
indicates the radioactivites of the fractions expressed 
in dpm/ml (x  100). 

All data show that the mature phloem of Cucurbi- 
ta maxima is able to synthesize continuously 3 groups 
of proteins, which are available in the exudate of 
the sieve tubes (Table 3): 

Table 3. Characterization of radioactively labeled proteins from 
sieve-tube exudate of Cucurbita maxima. Peak numbers correspond 
with those of Figure 4 

Group Peak pI Molecular % of  radio- 
No. weights activity 

( x 1 0 3 )  incorporated 
in proteins 

1 1-3 9.8; 9.4; 9.2 20 ca. 80% 
6O 

115 
2 4 7.5 7.2 30 ca. 20% 
3 8 11 4.9 20 traces 

Discussion 

According to Kleinig et al. (1975), the P-protein of 
Cucurbita maxima is a proteinaceous material of the 
sieve-tube exudate that forms filaments when precipi- 
tated and processed for electron microscopy. Unques- 
tionably, these filaments are identical with those 
found in sectioned sieve elements. This filament-form- 
ing material has been characterized by Beyenbach 
et al. (1974): it is highly basic; its molecular weight 
is about 116,000 Dalton; it cannot be separated into 
smaller units; and, in the absence of SH-protecting 
agents it forms a gel. 

Similar results have been obtained by Weber et 
al. (1974). They found P-protein to be pleomorphic, 
i.e., appearing in different forms when precipitated 
and processed for electron microscopy. Filaments 
occurred when exudate or a mixture of all basic 
proteins of the exudate were precipitated. Weber et 
al. (1974) also checked P-protein from Cucumis sativus 
and found "virtually the same pattern of bands in 
polyacrylamide electrophoresis in SDS or acidic urea 
solutions as well as similar IEPs and elution patterns 
from Sephadex and DEAE cellulose columns". Thus, 
it can be surmised that differing data obtained with 
Cucurbita pepo P-protein (Walker and Thaine, 1971) 
are due to differing qualities of P-protein fractions. 

The most striking aspect of our results is that 
80% of the incorporated radioactivity is represented 
by the P-protein. This P-protein is exactly the same 
biochemically as that which Beyenbach et al. (1974), 
and Weber et al. (1974) designated as the 116,000 
Dalton protein, and which appears filamentous in 
the electron microscope (Kleinig et al., 1975). Isoelec- 
tric focusing has revealed, however, that this P- 
protein can be separated into 3 proteins with slightly 
differing pIs. One of them (pI 9.2) seems to be a 
mixture of natural oligomers. Under strong reducing 
conditions, it disaggregates into smaller units, mainly 
a 30,000 Dalton unit, and shows a shift to pIs between 
7.5 and 7.2. The 2 other P-proteins with pI 9.4 and 
9.8 also are separated into several "units" with differ- 
ent molecular weights by SDS gelelectrophoresis (Fig. 
10). However, components with molecular weights 
of 115,000 and 110,000 Dalton can be found in all 
fractions of the labeled P-protein. 

Upon examination of Table 1, it becomes appar- 
ent that the acidic proteins, which give only trace 
amounts of total protein radioactivity, have the same 
specific activity as peak-1 P-protein of the DEAE- 
cellulose elute. Thus, we can assume that synthesis 
of the gelling P-protein proceeds at least as rapidly 
as synthesis of enzyme proteins. However, the neutral 
peak-4 protein of the DEAE-cellulose column, pre- 
sumably derived from basic oligomers with pI 9.2, 
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exhibits higher specific activities, ranging from 10 to 
250 dpm/gg protein. 

Our results do not support the suggestion that 
P-protein is derived from the ribosomes of differen- 
tiating sieve elements (Weber et al., 1974). Rather 
it seems to be synthesized anew and continuously 
in the companion cells. 

We believe that our results are sufficient to con- 
clude that P-protein is not a "s t ruc tura l"  protein 
capable of contraction and relaxation like muscle 
protein, as some workers speculated. When a protein 
has a high rate of  synthesis, it is difficult to imagine 
that  its turnover would be as slow as, for example, 
myosin with a half-life of 6 months. 

We greatfully acknowledge critical examination of the manuscript 
and valuable suggestions by Dr. Ray F. Evert, Madison. 
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