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Abstmct-More than 90 per cent of the -se phosphatase activity present in homo@=@s of immature 
stemtissueofsllgaramWemainsinthesuparnataat fiactionaftercentrifugationat1oO,OOOg. Inallprolnxtics 
studiedthapartiallypurified~snaosep~~fromthaBupeanatantwassimilartotheenzyme 
previouslypuri6edfkomthemitychondrialkaction. Aspeciksucrosephosphataseoccmsinalltissuesof 
sugar ~811~ and other plants exarmmd. Most of the enzyme appears in the supematant l?action and attempts 
to isolate particles retaining more of the enzyme were uDsucce8sfuI. Thereissu&ientenzymeinbothmatme 
and immature stem tissue of sugar cane for sucrose accmnuWon to proceed by the proposed pathway which 
involves the synthesis and hydrolysis of sucrose phosphate. Sugar cane leaves contain enough enzyme to 
aUowsucrosep~~tetobeanintermediateinthe~Of~ during photosynthe& 

INTRODUCTION 

THE PARTIAL pmifkation and properties of a specific sucrose phosphate phosphohydrolase 
(sucrose phosphatase) isolated from mitochondria of immature stem tissue of sugar cane and 
carrot roots has been described.’ The release of sucrose phosphatase activity from the 
mitochondrial pellet by freezing and thawing suggested that the enzyme is located within a 
mitochondrial membrane. Although the supematant remaking after the precipitation of 
mitochondria from homogenates of the above tissues also hydrolysed sucrose phosphate it 
was not known whether the hydrolysis was due to a specific sucrose phosphatase or to non- 
specik phosphatases. Attempts to separate a specific sucrose phosphatase from the phos- 
phatases in the supematant were not succes&uL 

The present paper establishes that there is a relatively large amount of a specific sucrose 
phosphatase in the supematant fraction of plant homogenates and that this enzyme is 
similar in all properties studied to that from the mitochondrial fraction. Further studies on 
the location of sucrose phosphatase in tissues and cells of sugar cane and other plants are 
reported. 

RESULTS 

Sucrose Phosphatase Activity in Homogenates 

Sucrose phosphatase from sugar cane requires magnesium ions for maximum activity and 
in systems with no added magnesium it is completely inactive in the presence of EDTA.1 
In view of this property of the enzyme, homogenates of sugar cane were assayed for sucrose 
phosphatase activity in the presence of magnesium ions or EDTA. With EDTA the rate of 
hydrolysis of 61 PM sucrose phosphate was only a few per cent of the rate in the presence of 
MgCls. However, the rate of hydrolysis of 12 mM fructose 6phosphate was virtually 

1 J. S. HAWKER and M. D. HA=, Biochem. J. In press (1966). 
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1192 J.S. HAWKER 

unchanged by the addition of EDTA (Table 1). The very low activity towards sucrose 
phosphate of the phosphatase which hydrolyses fructose 6-phosphate can be explained in 
terms of the difference in concentration of sucrose phosphate and fructose 6-phosphate sup- 
plied. The Michaelis constant of sucrose phosphatase for sucrose phosphate is about 
O-15 mM1 whereas for the hydrolysis of fructose 6-phosphate by soluble sugar cane stem 
extracts the Michaelis constant is about I mM. Additional evidence for the presence of a 
specific sucrose phosphatase in carrot homogenates was obtained by studies on the inhibi- 
tion of activity by sucrose and heat inactivation of the enzyme. The hydrolysis of 61 PM 
sucrose phosphate by enzyme preparations from carrot was inhibited 68 per cent by 50 mM 

sucrose whereas the hydrolysis of 12 mM fructose 6-phosphate was unaffected. Heating 
carrot preparations at 50” for 10 min reduced the rate of sucrose phosphate hydrolysis by 
60 per cent while the rate of fructose 6-phosphate hydrolysis dropped by only 25 per cent. 

TABLE 1. THEEFFECTOF EDTA ONTHHERATEOFHYDROLYSISOFSUCROSE 

PHOSPHATE ANDFRUCTOSE6-PHOSPHATEBYSUGARCAMENZYAIE 

PREPARATIONS 

Enzyme source 

Sucrose phosphate Fructose 6-phosphate 
hydrolyses hydrolysis 

(m~moleslhrjg tissue) (m~moles!hr,g tissue) 
I__ <-..c_.__, 

+ MgCl? + EDTA t MgCI2 + EDTA 
..-. - .--. . . . ..-.-. _ _.____- .-__ _.-.._- .._- - 

Immature tissue 
(super.1 

Immature tissue 
WooogPPtJ 

Mature tissue 
Parenchyma 
Dissected 

conducting 
ttssue 

Leaf laminae 

8.YOO 252 12,200 9.550 

410 - 856 - - 

480 0 1,500 1,410 
91 1 600 610 

21 I 8 850 990 

37,700 1,800 5.700 6,000 

Enzyme preparations were made as described in the Methods section. 
Assays were carried out m the presence of 10 mM MgC12 or 30 mM EDTA. 
The rates of hydrolysis shown are those observed with 61 /Lrn [fructosyl-tJc] 
sucrose phosphate or 12 mM fructose dphosphate. 

Purljkation ojsucrosephosphatasefront immature tissue of sugar cane. Since the unwashed 
20,000 g precipitate from immature tissue homogenates contained only 4.4 per cent of the 
total sucrose phosphatase activity (Table l), it was not necessary to remove this fraction of 
the activity before purifying sucrose phosphatase from immature tissue. Thus the dilution 
required when separating particles from supernatant was avoided. The results for the 
purification of sucrose phosphatase are shown in Table 2. Twenty per cent of the original 
sucrose phosphatase activity was recovered in the final fraction. This purification procedure, 
as compared to many previous attempts, was successful probably because the enzyme was 
maintained at as high a concentration as possible and also because the operations were 
completed in less than a day. The enzyme was specific for sucrose phosphate and the striking 
changes in relative activity towards several phosphorylated compounds achieved by purifica- 
tion are shown in Table 3. 
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TABLE 2. PURIFICATION OF SUCROSE PHOSPHATASB FROM IMMATURE TISSUE OF SUGAR CANE 

Fraction 

sucrose phosphate Fructose dphosphatc 
hydrolysis hJdl-OlysiS 

(~olea/g tissue/hr) (m~oleslg tissue/hr) 

Ratio of activity, 
(sucrose phosphate) 

(tkuctose dphosphate) 

Filtrate through muslin 
3342% satd. (NH&SO., 
Sephadex G-100 fractions 
Caloium phosphate gel 

fraction 

E !E 
3800 170 
1920 40 

1-i 
2.5 

22 
48 

The rates of hydrolysis of sucrose phosphate and fructose aphosphate were de&mined as described in 
the Methods section. 

TABIZ~. SUIBTRA~ SPEClFIcITY OF SUGAR CANE SUCRO5l PHOSPHATASE 

Sucrose phosphate 
Fructose 6-phosphate 
Fructose l-phosphate 
Fructose l$-diphosphate 
Glucose dphosphate 
Glucose l-~hos&te 
UDP 
a-Gly~ophosphoric acid 
pNitropheny1 phosphate 

Relative activity 
\ 

Filtered homogenate Partiauy purified 
anzyme 

100 100 
67 2.1 
55 1.4 

:; 0 1.1 
38 0.5 

>289 
114 ;; 
199 lo.2 

The rates of hydrolysis by filtered homogenate (6ltrate through muslin of 
Table 2) and partially purified enzyme of sugar cane of the compounds listed 
were determined as described in the Methods section. 

Properties of sucrose phosphatase. The partially purified enzyme had similar properties 
to those reported for the sucrose phosphatase purified from sugar cane mitochondria.~ me 
Michaelis constant for sucrose phosphate was between O-1 1 and O-15 mM and the pH activity 
curve was similar in shape with a pH optimum between pH 6-4 and 6.7. Manganese chloride, 
potassium fluoride, inorganic phosphate and sucrose all inhibited activity. Small quanti- 
tative differences between the two enzyme preparations in the stimulation by different 
concentrations of added magnesium chloride were probably due to different levels of mag- 
nesium ions present in the preparations. The addition of EDTA (10 mM#) completely 
inhibited the activity of both preparations. Storage of the soluble enzyme at - 15” for 8 days 
resulted in loss of 50 per cent of the activity. After a further 16 days storage the activity was 
still 50 per cent of the original. Thirty-five per cent of the original activity remained after 
storage for a total of 80 days. 

zntra-cellular distribution of sucrose phosphatase. Although some of the sucrose phos- 
phatase in sugar cane homogenates is associated with particles which behave like mitochon- 
&ia during centrifugation,l the majority of the enzyme remains in the supematant (Table 1). 
In an attempt to determine whether the sucrose phosphatase remaining in supematants after 
centrifugation at 20,000 g had been released from particles during homogenization of plant 



1194 J. S. HAWKER 

tissues several modifications to the extracting medium and technique were made. Tissues of 
plants were ground in a mortar, filtered through muslin and the filtrate centrifuged usually 
only once. Precipitates were not washed to avoid possible particle disruption. In spite of the 
precautions taken very little of the total sucrose phosphatase activity was precipitated 
(Table 4). The unwashed 100,000 g precipitate of sugar cane extracts contained very little 
sucrose phosphatase. The relatively higher value for spinach leaf precipitate was probably 
due to the fact that the ratio of precipitate to supernatant in this preparation was high and 
consequently higher contamination of the precipitate could be expected. Although only 
3 per cent of the sucrose phosphatase activity remained associated with particles in sugar cane 
leaf homogenates, 38 per cent of the total UDPG : fructose glucosyltransferase was present 
in the 20,000 g precipitate. 

TABLE 4. INTXACELLULAR DLSTRIBIDION OF SUCROSE PHOSPHATASE 

Tissue 

Sugar cane 
Immature tissue 

0.3 M-&to1 
0.3 M-mannitol 

0.6 M-mannitol 
1 M-rnannitol 

Mature stem tissue 
Leaf laminae 

Carrot root 
S. robusturn 
Spinach leaf (method (a)) 
Spinach leaf (method (b)) 

Sucrose phosphate 
hydrolysis 

(mqoles/g of tissue/hr) 
MW Activity in ppt 
supernatant 20,ooo 8 PPt as percentage of total 

---~ - _^.- _.._ 

11,000 775’ 
12,100 758 ;:: 

10,300 750 7.5 
10,400 800 6.8 
2,210 141 6 

113,000 3,580 3-l 
7,370 730 9 

28,100 1,280 4-4 
1,188 114tz 13.5 

10.800 980t 8.3 

Tissues were homogenized and fractionated and the rate of sucrose phosphate hydrolysis 
was determined as described in the Methods section. 

*180 in the precipitate after 100,000 g; t at 15,000 g; $71 after 1OOOg. 

When sugar cane and tobacco leaves were extracted by the non-aqueous technique the 
various resulting fractions hydrolysed fructose 6-phosphate. Ribulose diphosphate carboxy- 
lase activity was mainly located in the tobacco chloroplast preparation (C. R. Slack, personal 
communication). However no sucrose phosphatase could be detected in any of the fractions 
from either tissue. 

Sucrose phosphatase content of tissues. The rates of sucrose phosphate hydrolysis by 
extracts from different tissues of sugar cane (Pindar), other species of sugar cane, and carrot 
are shown in Table 5. Although these figures are for unpurified extracts, the rates in the 
presence of EDTA were, by comparison, very low suggesting that most of the hydrolysis was 
due to sucrose phosphatase. On a fresh weight basis, sugar cane leaves clearly contained far 
more sucrose phosphatase than any of the other tissues studied. 

Distribution of sucrosephosphatase in mature tissue of sugar cane. The structure of mature 
tissue is such that parenchyma and conducting tissue can be separated by dissecting longitudi- 
nal slices. The results in Table 5 show that sucrose phosphatase is present in parenchyma. 
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Although dissected conducting tissue contains up to 70 per cent parenchyma (as compared 
to 9&95 per cent for whole tissue) the results strongly suggest that sucrose phosphatase is 
also present in conducting tissue. 

TABLE 5. SUCROSE PHOSPHATASE FROM SIXMR CANE AND OTHER 

F%mT- 

Soweofenzyme 

sugar cane 
var. Pinaar 

Immature stem 
Maturestem 

Conducting tissue 
Leaflaminae 

s. robustwn 
Immature stem 

s. spotltaneum 
Immmue stem 

Carrot supematant 
Carrot precipitate (washed) 

27,000 750 
140 

360 40 
25 

113,g 5,400 

Woo0 1,500 

15,200 435 
lZ400 0 

540 0 

f@eraaawerepxparedandassaycdforactivityasdescriiin 
thaMethods~~exceptformaturetissneaa Inthese 
casestiltrateswereassayedwithoutcenWugatientrifugation. EitherlOmMMgCl~ 
or2OmMEDTAwaspreaentinreactionmixture8. Thecarrotpr&- 
pitate was washed in 10 ml of medium and recenttifuged. 

DISCUSSION 

DilI’erences in the effect of EDTA, sucrose and heating on the rates of hydrolysis of 
different concentrations of sucrose phosphate and fructose 6-phosphate by unpur%ed tissue 
homogenates are almost certainly due to the presence of two or more phosphatases with 
diiferent Michaelis constant values. The rate of sucrose phosphate hydrolysis by sucrose 
phosphatase at saturation is only three times that at 61 PM but the rate for fructose 6-phos- 
phate hydrolysis by the other phosphatase would be 3040 times greater. Similar increases 
could be expected for sucrose phosphate hydrolysis by the non-specific phosphatase. The 
results in Table 1 substantiate this assumption. The phosphatase which hydrolyses 61 PM 

sucrose phosphate is most likely a specific sucrose phosphatase. It was shown conclusively 
that this was the case for immature tissue of sugar cane (Tables 2 and 3). In the other tissues 
studied it is reasonable to assume that the increase in the rate of hydrolysis of sucrose phos- 
phate in the presence of magnesium chloride over that in the presence of EDTA was due to a 
specific sucrose phosphatase. Therefore quantitative comparisons could be made between 
di&rent tissues as regards their sucrose phosphatase content. In no tissue studied did 
the rate of sucrose phosphate hydrolysis in the presence of EDTA exceed 5 per cent of the 
rate in the presence of magnesium ions. Due to the instability of sucrose phosphatase, puri- 
fication of the enzyme from extracts before assay would have made quantitativecomparisons 
meaningless. 

Most of the sucrose phosphatase partially purified from immature stem tissue of sugar 
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cane (Table 2) would be that fraction which appears in the supernatant of homogenates 
prepared in media containing mannitol. From a consideration of the properties studied, it 
would appear that this sucrose phosphatase and the sucrose phosphatase isolated from 
mitochondria are similar. Even though only a small percentage of the enzyme is associated 
with particles, it appears to be tightly bound within a membrane.* Attempts to separate 
particles retaining more of the sucrose phosphatase proved unsuccessful (Table 4). As 
pointed out previously’ the presence of sucrose phosphatase in sugar cane tissues provides 
support for the concept that sucrose phosphate is involved in sucrose accumulation in the 
manner previously proposed.‘-’ Briefly this scheme involves hydrolysis of sucrose in the 
free space, phosphorylation of glucose and fructose, synthesis of sucrose phosphate and 
hydrolysis of sucrose phosphate. 

From the results of Sacher et al.” it can be calculated that the accumulation of sucrose 
from glucose by immature stem tissue of sugar cane was about 12 pmolesig,‘hr at 30 . Slack6 
reported the hydrolysis of between 3 and 16 pmoles of sucrose in the free space of similar 
tissue at 30”. From figures given for mature stem tissue5 it can be calculated that the rate of 
sucrose accumulation from glucose at 30’ would be about 2 ~moles/g/hr. The talues for 
sucrose phosphate hydrolysis reported here (Tables 4 and 5) are between IO and 27 pmoles/g/ 
hr for immature tissue and I a4 pmoles/g/hr for mature tissue at 22”. Allowing for the tem- 
perature differences there is ample sucrose phosphatase present to allow sucrose accumu- 
lation to proceed in both tissues by the pathway proposed. 

One of the two sucrose synthesizing enzymes in mature stem tissue of sugar cane (UDPG : 
fructose glucosyltransferase) is situated almost entirely in the vascular tissue.5 The location 
of the other enzyme (UDPG : fructose 6-phosphate glucosyltransferase) is not known.4 
However parenchyma tissue is capable of storing sucrose when glucose is supplied in the 
external medium (Hawker and Hatch, unpublished results). Thus it is probable that at least 
some of the UDPG :fructose 6-phosphate glucosyltransferase is situated in the parenchyma. 
The presence of a specific sucrose phosphatase in parenchyma (Table 5) supports this hypo- 
thesis. 

The functional significance of the sucrose phosphatase associated with particles is not 
apparent. It is reasonable to expect that if the bulk of the sucrose phosphatase 1s imol\ ed in 
sucrose storage it would be situated at or near the tonoplast membrane. It is not associated 
with membrane fragments in tissue homogenates (Table 4) although it may be freed during 
homogenization. In vifro the enzyme is rapidly denatured below pH 6.0’ and the pH of 
extracted sugar cane juice (which is mainly vacuolar) is about pH 5.5. However the enzyme 
could still be in the vacuole as its behaviour in riro may be different or the pH at its site of 
action may be higher than the overall pH of the vacuole. If the phosphatase \\ere 111 the 
vacuole a gradient in concentration of sucrose could be maintained between lscuole and 
cytoplasm by the movement across the tonoplast and subsequent hydrolysis of sucrose 
phosphate. Hence the present results provide further support for the hypothesis that sucrose 
phosphate is involved in sucrose accumulation in sugar cane tissue.j 

Sucrose phosphatase is possibly also concerned with sucrose movement and accumula- 
tion in leaves. However the presence of much higher concentrations of sucrose phosphatasc 
in leaveq as compared with stems (Table 5) suggests that the enzyme ma! ha\e a further role. 
2 K. T. GLASZWL~. Pfu~~tP/~y~ioZ. 36, 175 (1961). 
3 J. A. SACHFR. M. D. HATCH and K. T. GLASZIOU. Plurrr Ph,aio/. 38, 348 t 1963). 
4 M. D. Hmct;. Biuchem. J. 93, 521 (I 964). . _ 
5 J. S. HAN hER and M. D. HAT< H, PI~y.sYol. P/auf. 18.444 ( 1965). 
6 C. R. SL.M K. Arotra/im J. Bird. WT. 18. 781 (1965). 
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the hy~olysis of sucrose phospha~ produced in chlo~opl~~ during photos~~~is. 
UDPG: fructose 6-phosphate ~u~syl~~f~ has been found in leaves by several 
workers and recently in chloroplasts. ‘* * Sucrose phosphate was hydrolysed by their chloro- 
plast preparations but no conclusions about the specificity of the enzymes were possible. 
Bird et ~1.~ suggested that synthesis of sucrose as a result of photos~~~is in leaves proceeds 
mainly, if not solely, via sucrose phosphate in chloroplasts, During photosynthesis the 
hexose precursors for sucrose synthesis appear initially as their phosphorylated derivatives. 
Hence no more energy is required for the synthesis of sucrose phosphate than for sucrose. 
The energy loss from the system is very nearly the same whether fnxctose ~phosp~~ or 
sucrose phosphate is dephospho~lat~. UDPG is needed for sucrose and sucrose phosphate 
synthesis. Bird et al.’ have found in chloroplasts all the enzymes necessary to synthesize 
UDPG from fructose 6phosphate. The fructose 6-phosphate is almost certainly produced 
by dephospho~lation of factor-1,~phosphate by an alkaline Cl f~~o~l,~phos- 
pbatase.g If UDPG: fructose 6-phosphate glucosyltransferase is the enzyme operative in 
chloroplasts, no fructose is needed and the possibility of shortage of fructose 6-phosphate 
for UDPG synthesis by excess hydrolysis of fructose &phosphate by a phosphatase would be 
avoided. Furthermore a ~~ideration of the ~~~b~~ ~onst~ts for the two transferases 
shows that sucrose phosphate rather than sucrose synthesis is favoured.l” 

lf all the carbon dioxide fixed during photosynthesis by sugar cane leaves was converted 
to sucrose, maximum rates of synthesis of the order of 25 ~rnoles~~ could be aehieved 
(J. C. Waldron, ~pub~shed results). There is sufhcient sucrose phosphata~ in sugar cane 
leaves to hydrolyse this amount of sucrose phosphate (Table 5)” The amount of fructose 
6-phosphate hydrolysis under the conditions employed (Table I) would not be sufJicient to 
maintain the supply of fructose for sucrose synthesis by UDPG : fructose ~ucosyl~~sfe~. 

If sucrose phosphate is an intermediate in sucrose synthesis the site of its hy~ol~is is not 
known. Isolation procedures designed to maintain the integrity of chloroplasts did not raise 
the amount of sucrose phosphatase retained by the 20,000 g precipitate (Table 4). Most of 
the small amount precipitated could have been present in the leaf mitochondria or as con- 
tamination of the pellet. However no conclusions can be reached as to the location of sucrose 
phosphatase in leaves since isolated chloroplasts are noted for their leakiness and non- 
aqueous isolation resulted in complete loss of sucrose phosphatase activity. However it 
makes no difference to the above ~~rnent whether sucrose phosphate is hy~ol~ inside 
or outside tbe chloroplasts. 

MATERIALS AND METHODS 
Stem tissue from expanding internodes of sugar cane ~~~chu~ ouch L., var. 

Pindar) was classifhd as immature and tissue from fully expanded internodes as mature. 
These tissues and leaves were obtained from field-grown cane. Immature tissue (expanding 
internodes) of S. roburrum Brandes and Jeswiet ex Grass1 (var. Mo14943) and of S. spontunem 
L. (var. Mand~ay~ was also obtained from field-grown plants. Carrot roots and spinach 
leaves were obtained from the local market. 

Sucrose phosphate (phosphorylated at the 6-position of fructose and containing radio- 
activity only in the fructose moiety) was prepared enzymically (Hatch, 1964). 

’ I. F. Biso, H. K. mR’I’ER and C. R. S’rocxr~o, Biochim. Biophys. AC& 100,366 (1965). 
* S. mQ and w. 2. T-Dss~b, P&t P&i?!. do,591(1%5). 
* R. $5~ Nutwe 187,1024 (1960). 
‘* J. ?vfm~mo, J. BioI. C&wt. 2353347 (1960). 

76 
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Measurement of enzyme activity. The rates of hydrolysis of [fructosyl-14C] sucrose 
phosphate and of other phosphorylated compounds by enzyme preparations were determined 
as previously described1 except that the tris-maleate buffer was adjusted to pH 6.7. Unless 
otherwise stated the values for sucrose phosphate hydrolysis are maximum velocities calcu- 
lated as previously described. UDPG :fructose glucosyl transferase activity was deter- 
mined as described by Hatch et ai.” 

Preparation of Sucrose P~s~~atase 

Front itttntature stem tissue ofsugar cane. Tissue (40 g) was cooled to 2”, sliced and ground 
in a mortar with 15 ml of 0.4 M tris-HCl buffer, pH 8.0, containing 0.06 M cysteine hydro- 
chloride, O-06 M sodium die~yldithioc~b~ate and O*Ol M EDTA. All operations were 
carried out at 2’. After the homogenate had been squeezed through muslin, the protein 
fraction precipitating between 33 and 42 per cent saturation with (NH&SOJ WBS collected 
by centrifugation and suspended in 2.5 ml of 2 mM tris-HCI buffer, pH 7.0. The suspension 
H as centrifuged at 10,000 g for 15 min and the supernatant was applied to the top of a column 
of Sephadex G-100 (35 cm x 2.5 cm) which bad been washed with 2 mM tris-HCl buffer, 
pH 7.0. The same buffer was passed through the column and 2 ml fractions were collected. 
Fractions &--I4 after the emergence of one void voIume of eluent contained the bulk of the 
activity and were pooled and poured onto a calcium phosphate gel column (Hypatite C, 
volume 2 ml) which had been previously washed aith 5 mM potassium phosphate buffer, 
pH 6.7. The column was washed with 5 ml of 20 mM potassium phosphate buffer, pH 67. 
Sucrose phosphatase was eluted with 4 ml of 80 mM potassium phosphate buffer. pH 6.7. 
After the addition of 20 mg of bovine serum albumin this solution was applied to a column 
( 15 ml) of Sephadex G-25. After the emergence of one void volume of 2 mM tris-HCl buffer, 
pH 7.0, the next 4.2 ml containing the activity were collected. This fraction is referred to as 
*’ partially purified enzyme of sugar cane”. 

From p~~ti~u~ate and soft&e fractims ~~~sugar cane and ~rlte~p~aFt~s_ Cooled tissue (5 g) 
was ground in 20 ml of medium containing 0.1 M tris-WC1 buffer. pH 7.6.0.3 M mannitol. 
0.01 M EDTA, 6 mM cysteinc hydrochloride and 6 mM sodium d~ethyldithiocarbamate. 
The filtrate obtained by squeezing the homogenate through muslin was centrifuged for 15 min 
at 20,000 g. The unwashed precipitate was suspended in 5 ml of 2 mM tris-HCl buffer. 
pH 7.0, and frozen and thawed. In one experiment immature tissue of sugar cane was also 
ground in media in which the mannitol concentration was raised to 0.6 M and 1 M. Both the 
supernatants and precipitates were assayed for phosphatase activity. 

k’pon~ mature srertt rissur of sugar cane. Lon~tudinal slices (O-5 mm) were cut and paren- 
chyma and vascular tissue sectioned out and washed in running tap-water for 30 min.5,‘” 
These tissues and whole tissue were frozen and then ground with twice their weights of tris- 
maleate buffer, pH 7*5.13 The homogenates were filtered through muslin and dialysed for 
5 hr against 2 I. of diluted tris-maleate buffer (1: 100). pH 6-5.l’ 

From Spirtaclt Leaves 

(a) Enzyme preparations were made using a modifica~on of the method described by Gee 
et a1.l4 Cooled spinach leaf laminae (50 g) were ground in a mortar with 5 ml of 50 mM tris- 

I i M. D. HATCH, J. A. SACHER and K. T. GLASZIOU, Pk.wr Ph~hl. 38,338 (1963). 
I2 R. L. BIELESKI, Ph.D. Thesis, University of Sydney, Gustraiia (19.58). 
I3 G. GOMORI, In Mcrltclcls Dr ~~~~l~oi~g~ (Edited by S. P. COLOW~K and N. 0. KI\PLAN), VoI. I. p. 133, 

Academic Press, New York ( 195% 
I4 R. GEE. G. JOSHX, R. F. BILS and P. S.u_~M&h. Plrrrtt Phpioi. 40, X9 (1965). 
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HCl buffer, pH 7.5. The homogenate was squeezed through muslin and centrifuged at 
1000 g for 10 min and 15,000 g for 15 min. The precipitates were suspended in 5 ml of 2 mM 
tris-HCl b&k, pH 7-0, and frozen and thawed before assay. 

(b) Alternatively a modikation of the method of Leech” was used. Leaf laminae (10 g) 
were cut into small pieces and stirred in 50 ml of a medium containing 50 mM tris-HCl 
buffer, pH 7.5, and O-6 M mannitol. The suspension was squeezed through muslin and the 
filtrate was centrifuged at 15,000 g for 15 min. The precipitate was suspended in 5 ml of 2 mM 
tris_HCI buffer, pH 7.0, and frozen and thawed. 

From leave-n-aqueous extraction. Sugar cane leaf tissue was extracted using a mod& 
cation of the non-aqueous extraction procedure used by Smillie.16 

Tobacco leaf preparations, prepared by the non-aqueous technique of Bird et al,’ were a 
gift from Dr. C. R. Slack. 

1s R. M. LEEI-I, Biochim. Bkphys. Acta 79,637 (1964). 
16 R. M. SMILUB, Cun.J. Bet. 41,123 (1963). 


