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Abstract. Pollen from 5 plant species (Lycopersicon pimpinellifolium Mill., Hermerocallis
minor Mill., Galtonia candicans Decne., Camellia japonica L., and Lathyrus odoratus L.) repre-
senting 4 families germinated well in media containing trehalose as the sole carbon source.
Data are presented indicating that pollen metabolized this disaccharide for germination and
subsequent pollen-tube growth; the sugar was not merely an osmoregulator. An inhibitor of
trehalase activity depressed germination in trehalose but not in sucrose. Phloridzin dihydrate,
an inhibitor of glucose transport, depressed germination in both disaccharides.

Biochemical tests demonstrated that a pollen extract was capable of hydrolyzing trehalose
to its constituent glucose monomers. Heat inactivation experiments confirmed the presence
of a distinct trehalase having a rigid specificity for its substrate. By this method, trehalase
activity was completely distinguishable from the activities of other - and B-glucosidases
and B-galactosidases. Localization data indicated that the enzyme diffused from intact grains
and was probably soluble. The presence of its substrate could not be demonstrated in pollen
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or in stigmatic or stylar tissues.

Many enzymes are located in the pollen of flower-
ing plants (see 19 for a tabulation). We now report
on the existence of a new pollen enzyme, trehalase
(trehalose 1-glucohydrolase, EC 3.2.1.28), whose
substrate, trehalose (1-a-D-glucopyranosyl-a-p-glu-
copyranoside), could not be demonstrated in pollen
or in stigmatic or stylar tissues. Trehalase has an
ubiquitous occurrence (20), often being present
where there is no trehalose substrate. The enzyme
has recently been detected in extracts of roots. leaves,
and stalk tissue from sugar cane (12).

Trehalose occurs widely in invertebrate phyla, in
fungi, in many algae, and in occasional lower vas-
cular plants (Selaginella lepidophylla and Botry-
chium lungria) (3,20,29). It is especially common
in the dormant stages of several organisms (6) and
in organisms that are resistant to storage and desic-
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cation (29). Trehalose has never been identified
in vertebrates and until 1967 had never been identi-
fied in flowering plants. In that vear Oesch and
Meier (22) isolated trehalose from the cambial sap
of the beech, Fagus silvatica.

Materials and Methods

Botanical Material. Mature pollen was collected
from flowers of the following plants grown in the
Smith College Botanical Gardens: the currant to-
mato, Lycopersicon pimpinellifolium Mill., line 206;
the dwarf yellow day-lily, Hemerocallis minor Mill,,
the summer hyacinth, Galtonia candicans Decne., the
camellia, Camellia japonica L., variety single pink:
and the sweet pea, Lathyrus odoratus L. All grains
were binucleate (4). Stigmatic and stylar tissues
were obtained from the same plants.

Germination Studies. Mature pollen (fresh or
dried over CaCl, for 8-10 hr) was tested for percent
germination and pollen-tube length. The germina-
tion medium was either an aqueous solution of the
substance to be tested (most often a carbohydrate)
and borate, or Brewbaker and Kwack medium (5)
modified so that sucrose was replaced with other
sugars or non-nutritive osmoregulators. The pH of
all media was maintained at values between 6.0 and
7.0; no difference in results occurred in this range.

In early experiments with tomato pollen germi-
nation was effected by a hanging drop technique.
In all other experiments pollen (50-150 or more
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grains) was added to 0.01 ml drops of medium on
glass slides. FEach slide, with 3 to 5 identical
preparations, was placed on moist filter paper in
Petri dishes and incubated at room temperature for
2 hr, at which time percent germination was esti-
mated. Dollen-tube length was determined for the
same grains by inspection. Data were gathered
from several identical preparations and averaged for
presentation.

Biochemical Demonstration of Trehalase Activity.
Mature pollen from freshly opened flowers was
collected and dried. Tt was used immediately or
stored at 4° for not more than 1 week. Pollen
(10 mg) was mixed with 1 ml of 19, NaCl (w/v),
pH 6.4 (18), and enzymes were allowed to diffuse
from the grains for periods ranging from 1 to 24 hr
at room temperature. After the diffusion period the
mixture was centrifuged for 5 min at 1500g; the
resulting supernatant was decanted and filtered
through Whatman No. 1 filter paper. The filtrate
was dialyzed in the cold against 0.33 9% NaCl (w/v)
for at least 4 hr to remove endogenous glucose and
other small molecules that had diffused from the
grains. (High levels of endogenous glucose both
inhibit trehalase activity and mask the expression
of activity. See below.) The dialyzate was assayed
directly, or in some cases after concentration with
polyacrylamide gel pellets. The assay was a modi-
fication of the method of Dahlqvist (8). A 0.1 ml
aliquot of the dialyzate was added to 0.1 ml of
(.12 M trehalose in 0.1 M sodium-potassium phos-
phate buffer, pH 6.0 (2). The reaction mixture
was incubated for periods of up to 2 hr at 30° with
shaking and the reaction stopped by boiling for
3 min. Glucose oxidase reagent (3 ml) was then
added. (This reagent was prepared by adding in
order, with mixing, the following reagents prepared
according to Dahlqvist (8): o-dianisidine, 1 ml:
Triton X-100, 1 ml: peroxidase, 0.5 ml.) A second
incubation was carried out at 37° for 40 min. at
which time color development was complete. Units
of trehalase were expressed as mumoles of glucose
liberated from the trehalose per min under the con-
ditions of the assay. Glucose was read at 420 my.
Fnzyme activity was linear with time.

In some initial experiments tomato pollen was
homogenized with glass heads, the protein precipi-
tated with ammonium sulfate, and the precipitate
assayed for trehalase activity according to the
method of Gussin and Wyatt (14).

In order to ascertain that pollen trehalase was
specific for trehalose and not a non-specific a-gluco-
sidase, grains were homogenized in 0.1 M sodium-
potassium phosphate buffer, pH 6.0, in the cold, and
centrifuged in the Spinco Model L Ultracentrifuge

6 Unpublished experiments from this laboratory have
indicated that flight muscle trehalase of the house fly,
Musca domestica, is stable for 30 min at 53° in the
presence of substrate.
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at 105,000g for 10 min. The resulting supernatant
was treated in 1 of 3 ways: dialyzed against 0.2 9
NaCl (w/v), concentrated, and assayed; treated
with an equal amount of 0.24 M trehalose in phos-
phate buffer at 50°® for 10 to 30 min, chilled,
dialyzed, concentrated, and assayed; or treated with
trehalose at 4°, dialyzed, concentrated, and assayed.
In all cases the final concentration of the carbohy-
drates serving as substrates for the treated super-
natants was 0.12 M.

Localization of Trehalase Activity in Pollen. In
order to determine if trehalase could leach from the
cell during germination and/or pollen-tube initiation
(10), mature grains of C. japonica were placed in
Brewbaker and Kwack medium (5) with 10 % glu-
cose (w/v) and incubated for 30 min at 4° or at
room temperature. Tube initiation occurred within
this period at the latter temperature but not at the
former. After the incubation period, media were
centrifuged at 105,000g for 5 min and the super-
natant was decanted. The pellet was washed twice
with 19 NaCl (w/v) and taken up in pH 6.0
phosphate buffer. The supernatant and the recon-
stituted pellet were dialyzed overnight against 0.1 9,
NaCl (w/v), concentrated, and assayed.

Experiments designed to determine if C. japonica
pollen trehalase was soluble or particulate were
carried out. Pollen (100 mg) was ground in an
all-glass homogenizer at 0° in 2 ml of water, 1%
NaCl (w/v), or in phosphate buffer (cf. 10). The
homogenate, in which at least 80 9, of the grains
had been broken, was centrifuged at 105,000g for
15 min. The resulting pellet was washed 3 times in
homogenization medium and reconstituted to 2 ml.
The washed pellet and supernatants were assayed
as described. The location of B-fructofuranosidase
activity was determined in the same way.

Chromatographic Determination of Trehalose.
Carbohydrates were extracted from 1 g of plant
tissues (anthers and/or pistils) by the method of
Stewart, Richtmyer, and Hudson (25), and by the
method of Wyatt and Kalf (30) for the preparation
of extracts for quantitative chromatography. All
plant extracts were deionized prior to spotting and
recovery of known carbohydrates from deionizing
columns was quantitative. Separation of isolated
sugars was accomplished essentially by the method
of De Stefanis and Ponte (9), except that Eastman
Chromatographic Sheets (No. 6061) were used. By
this method 10 ug of trehalose were separable from
glucose, fructose and sucrose.

Reagents. Glucose oxidase was the purified
product of Worthington Biochemicals. Peroxidase
and o-dianisidine were purchased from Nutritional
Biochemicals. Trehalose (hydrate) and a-methyl-
p-mannoside were products of Mann Research Lab-
oratories. Phloridzin dihydrate was purchased from
Calbiochem. Triton X-100 was a gift of Rohm and
Haas. Other reagents were purchased commercially
and used without further purification.
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Results and Discussion

Germination Studies. In experiments (tables I
and II) where trehalose was the sole carbon source
in the incubation medium, the percent germination
and pollen-tube length relative to grain diameter
was substantially above controls incubated in the
absence of a carbohydrate. Maximal germination
in trehalose (80 %) and maximal pollen-tube length
(30 diameters) occurred in L. pimpinellifolium
(table II). We used several substances to deter-
mine if germination in trehalose was a non-specific
osmotic phenomenon. One of them, mannitol, is
metabolized by some species of flowering plants, but
not by Lycopersicon esculentum (27), and in those
species metabolizing it, mannitol can be used as an
osmoregulator for short term experiments (27).

Table I. Germination of Camellia japonica and Galtonia

candicans Pollen in Brewbaker and Kwack Medium

Germination was carried out for 2 hr at room tem-
perature. In all cases more than 500 grains were counted
in 5 individual drops. Results are averaged for pre-
sentation. Carbohydrates employed in C. japonica ger-
mination were 10 9, (w/v), while those employed in G.
candicans were 8 9, (w/v). Pentaerythritol was a 69
(w/v) solution. Inhibitors, I, and I, were 20 mM q-
methyl-p-mannoside and 2 mM phloridzin dihydrate,
respectively.

C. japonica G. candicans

Germi- Tube- Germi- Tube-
Carbohydrate  nation length nation length
% X grain % X grain
diam diam
None 33 10 0 0
Glucose 66 21 61 16
Sucrose 70 26 34 13
Sucrose + I, 39 12
Sucrose + 1, - 18 3
Trehalose 60 20 25 8
Trehalose + I, ... 5 2
Trehalose + I, ... 3 1
Fructose 47 3 39 1
Mannose 33 3 4 2
Melibiose! 25 6
Mannitol 40 2
Pentaerythritol 40 3

! Germination was difficult to score because the poller-
tubes coiled around the grain.

Our data in table II showed that there was no
germination in mannitol; in C. japonica (table I)
mannitol and the control were similar except that
pollen-tube lengths decreased in the polyol. Pen-
taerythritol has been used in germination studies by
Dickinson because it does not interfere with the
determination of carbohydrates -(10) ; it caused 70 %
germination and pollen-tube lengths of 1.0 to 1.2 mm
(11). In our experiments pentaerythritol apparently
served only as an osmoregulator as the percent
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Table II. Germination of Lycopersicon pimpinellifolium
Pollen in Media Supplemented With 1.62 mm
H,BO,; and Carbohydrates

In these experiments 2 slides for each test were pre-
pared by the hanging drop technique and germination
was scored at the end of 2 hr. I, is 20 mM -methyl-p-
mannoside

Expt.  Carbohydrate Concn Germination Tube-length
% (w/v) 9, X grain diam
1 Sucrose 25 20 10
Trehalose 25 50 15
2 Fructose 25 0
Glucose 2.5 10
Maltose 25 45
3 Sucrose 17.0 90 20
Sucrose + I, 170 90 15
Trehalose 3.0 80 30
Trehalose + I, 3.0 18 5
4 Mannitol? 125 0
Mannitol 6.3 0

! Germination media contained 0.97 mm H,BO,

germination was similar both to mannitol and the
control (table I). Pollen-tube lengths in this osmo-
regulator were appreciably below those of the con-
trols. Mannose and melibiose also effected pollen
germination approximating the controls (table I).
Here, tube-lengths were very low, varying from 2
to 6 diameters. Germination in fructose varied with
respect to species but in no case did extensive tube
elongation occur.

The specific nature of germination in trehalose
was substantiated by inhibitor studies (tables I and
IT). Germination in sucrose and trehalose is de-
pressed by about 85 ¢, in the presence of phloridzin,
an inhibitor of glucose transport. Sactor (24)
showed that phloridzin also inhibits UDPG pyro-
phosphorylase, a vital enzyme in trehalose biosyn-
thesis. An inhibitor of trehalase activity in insects,
a-methyl-p-mannoside (14), decreased germination
and pollen-tube lengths where trehalose was the
carbon source, but not where sucrose was the source
(table T).

Amoug the objectives of our germination studies
was the determination of the borate concentrations
required. The values given in the tables were those
we found to be optimal. For the sweet pea which
is not tabulated, maximal germination (50 9 ) and
pollen-tube growth (15 diameters) occurred at
097 mm H,BO,.

Biochemical Dewmonstration of Trehalase Activity.
One of the many functions postulated for borate in
germination and pollen-tube elongation is that of
enzyme activation (17). We tested the effects of
various concentrations of H;BO, (0-16.2 m»M) on
trehalase from the housefly, Musca domestica, and
could obtain no activation in dialyzed or undialyzed
preparations. In fact, in the former case, there was
an approximate inhibition of 18 9, with 1.62 mm
borate.



1166

Two plant species were assayed for trehalase
activity (table III). In H. minor there were about
13 units of trehalase activity, while in G. candicans
there were approximately 16. Enzyme activity in
both species was a linear function of the time of

Table III. Biochemical Assay of Pollen Trehalase in
Hemerocallis minor and Galtonia candicans

Trehalase was allowed to diffuse from 10 mg of pollen

in 1 ml of 19, NaCl (w/v), pH 64, for 24 hr at 4°.

The preparation was dialyzed against 0.33 ¢, NaCl

(w/v) for 5 hr and assayed as in Materials and Methods.

Preincu- Units of
bation Glucose trehalase
Expt. Species time liberated activity
nin mumole mumole
glucose/min
A H. minor 30 42 14.0
B 120 144 12.0
A G. candicans 30 48 16.0
B

120 200 16.7

Table IV. Trehalase Specificity in Camellia japonica

Specificity was evaluated in terms of differential re-
sponse of 1050009 supernatants to heat inactivation.
Experiment 1: Supernatant from 3.0 mg of pollen was
assayed for disaccharidase activity as in Materials and
Methods. Experiment 2: Supernatant from 30 mg of
pollen was incubated with an equal volume of 024 M
trehalose for 10 min at 50°, dialyzed, and assayed. Ex-
periment 3: Supernatant from 3.0 mg of pollen was
divided into 2 portions, to both of which were added
an equal amount of 0.24 M trehalose. 3a was incubated
for 30 min at 4° and 3b was incubated for 30 min at
50°. Both preparations were then dialyzed and assayed.
All carbohydrates used in the assays were 0.12 M. None
of the substrates had an affect on the glucose standard
curve.

Units of
Expt. Carbohydrate disaccharidase activity
mumoles glucose/min

1 Trehalose 96.0

2 105.1

1 Maltose 27.0

2 3.3

1 Turanose 30.8

2 27

1 Melibiosc 3.7

2 2.1

1 Sucrosc 140.3!

2 48

1 Lactose 284

2 16.1

3a Lactose 15.8

3b 13.6

3a Cellobiose 92.5

3b 9.6

3a Raffinosez 9.4

3b 6.7

! This value represents only 25 9% of the total B-fruc-
tofuranosidase activity.
¢ Units are in terms of trisaccharidase activity.
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incubation. Trehalase activity in C. japonica was
inhibited by about 109, by 20 mM a-methyl-n-
mannoside.

In every case where it has been studied. trehalase
has been found to be a highly specific a-glucosidase
(4,16). Because this is the first report of a pollen
trehalase, however, we did specificity studies accord-
ing to the elegant heat inactivation procedure of
Dahlqvist (7). This method permitted the activities
of the a-glucosidases, B-glucosidases, and B-galacto-
sidases of C. japonica to be separated from each
other (table IV). As shown in the table, pollen
trehalase when heated in the presence of trehalose
for 10 min at 50° (experiments 2 and 3b), was
activated by 6 9. while with the same treatment
B-fructofuranosidase lost 97 % of its original ac-
tivity. Other glucosidase activities were distin-
guished from trehalase activity in this manner.

Localization of Trehalase Activity in Pollen.
Enzymes from G. candicans diffused into 1 9 NaCl
(w/v). After 12 hr at 4°, 829, of the trehalase
activity remained in the grain, whereas at 36 hr
41 9% remained (table V). In a similar experiment
C. japonica pollen was incubated in Brewbaker and
Kwack medium with 10 % glucose (w/v) at 4° or
at 25° for 30 min. At the latter temperature pollen-
tube growth had already been initiated; at -the
former it had not. At both temperatures, however.
approximately 74 9 of the trehalase activity re-
mained in the grain.

Homogenization of C. japonica pollen was carried
out in 3 different media (table V). In each case
90 % of the enzyme activity was extracted. With
subsequent washing of the pellets the release of
enzyme from the grain approached 100 9. Other
soluble trehalases are known (29). For example,
Glasziou and Gayler (12) discovered a soluble tre-
halase in sugar cane. Insects contain a soluble in-
testinal trehalase, and simultaneously a particulate
one (14). Both forms of the enzynie are specific
for trehalose. We also extracted B-fructofuranosi-
dase from pollen by homogenization procedures
identical to those cited above. Twenty-five percent
of the enzyme was soluble and the rest. even after
several washes, remained bound to cell structure.
This agrees with Dickinson’s work on Lilium longi-
florum where B-fructofuranosidase was found to be
a bound external enzyme (10).

Absence of Trehalose in Pollen. The carbohy-
drate chromatography procedure (9) finally adopted
provided reliable results. We obtained excellent
resolution, with spots of desirable geometry, with
standard and experimental sugars, alone or in mix-
tures. Representative Ry values were obtained:
sucrose, 0.86; fructose, 1.11; trehalose, 0.67. Still,
trehalose could not be isolated from pollen or from
stigmatic or stylar tissues. This may not be sur-
prising as some higher plants can metabolize sugars
which are not endogenous to them or even naturally
occurring (21.27). and trehalase has often been
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Table V. Localization of Trehalase Activity in the Pollen of Galtonia candicans and Camellia japonica
Trehalase was extracted from grains by 2 methods: Diffusion (D) or homogenization (H) followed by differ-

tial centrifugation.

germination had occurred in 0.5 hr at 25° but not at 4°.

In the diffusion experiments grains were incubated at 4° in 1g, NaCl (w/v), or at 4° and
25° in Brewbaker and Kwack medium supplemented with 10 g, glucose (w/v) (B & K).
Homogenization experiments were carried out in 19

In the latter medium

NaCl (w/v), sodium-potassium phosphate buffer (0.1 », pH 6.0), or deionized water.

Recovered trehalase activity

Extraction conditions Pellet  Supernate Wash number

Species Method  Medium Temp Time 1 2 3

DorH deg hr % % % % %o

G. candicans D NaCl 4 120 82 18 .. .. e
D NaCl 4 36.0 41 59
C. japonica D B&K 25 0.5 72 28
D B&K 4 0.5 76 24

H buffer 0 3 97

H water 0 1.5 83 15 05 0

H NaCl 0 25 94.5 20 1.0 0

found to exist without trehalose (7, 13,15, 16, 24,
26, 28).

Suggested Role of Trehalase in Pollen. Sactor
(24) has proposed that trehalase may be involved
in the transport of glucose moieties across the kidney
and intestine of vertebrates. In line with this hypo-
thesis, Glasziou and Gayler (12) have suggested
that trehalose synthesis and breakdown may be part
of a system for transport of hexose out of the
sugar cane vacuole. Such a system may also be
operable in pollen. Glucose could penetrate the
outer pollen membrane, be biosynthesized into tre-
halose, pass through the membrane as trehalose.
enter into the cytoplasm as trehalose, and be imme-
diately hydrolyzed by the soluble trehalase. Arnold
(1) has suggested that trehalose has many of the
characteristics of a desirable translocate. It could
be the protected glucose derivative or “mobile mole-
cule” which, according to Reinhold and Eshhar (23).
may be involved in glucose transport. It seems
unlikely that sucrose could be the translocate as
there is an active B-fructofuranosidase in the pollen
wall (10). Finally, in preliminary experiments, we
have identified in pollen, 2 of the 3 enzymes of
trehalose biosynthesis (trehalose-6-P synthetase and
trehalose-6-P phosphatase). Currently, we are con-
tinuing our investigation of the occurrence of the
enzymes of trehalose biosynthesis and we are search-
ing for a transient trehalose in pollen and in stig-
matic and stylar tissues.

Acknowledgment

We thank Drs. Sanat K. Majumder, C. John Burk,
and Thomas S. Osborne for fruitful discussions during
the course of this work. Dr. Burk critically read the
manuscript. Dr. Nathan Shapiro was instrumental in
the inception of this project and provided continuing
encouragement. The staff of the Smith College Botanical
Gardens, headed by Mr. William I. P. Campbell, was
always generous in the provision of experimental ma-
terial.

Literature Cited

1. ArnoLp, W. N. 1968. The selection of sucrose
as the translocate of higher plants. J. Theoret.
Biol. 21: 13-20.

2. AvuriccHIo, S, A. DAHLQVIST, AND G. SEMENZA.
1963. Solubilization of the human intestinal di-
saccharidases. Biochim. Biophys. Acta 73: 582-87.

3. BircH, G. G. 1963. Trehaloses. In: Advances in
carbohydrate chemistry, 18. M. L. Wolfrom and
R. S. Tipson, eds. Academic Press, New York.
p 201-25.

4. BrewBAKER, J. L. 1967. The distribution and
phylogenetic significance of binucleate and trinu-

cleate pollen grains in the angiosperms. Am. ]J.
Botany 54: 1069-83.
5. BrewsBAKER, J. L. anp B. H. Kwack. 1963. The

essential role of calcium ion in pollen germination
and pollen tube growth. Am. J. Botany 50:
895-65.

6. CLeGG, J. S. anp M. F. Firosa. 1961. Trehalose
in the cellular slime mould Dictyostelium mu-
coroides. Nature 192: 1077-78.

7. DaHLgvisT, A. 1962. Specificity of the human
intestinal disaccharidases and implications for he-
reditary disaccharide intolerance. J. Clin. Invest.

41: 463-70.
8. DamLovisT, A. 1968. Assay of intestinal disac-
caridases. Anal. Biochem. 22: 99-107.

9. DE StepHANIs, V. A. anxp J. G. PoNTE, JrR. 1968.
Separation of sugars by thin-layer chromatography.
J. Chromatog. 34: 116-20.

10. DickinsoN, D. B. 1967. Permeability and respira-
tory properties of germinating pollen. Physiol.
Plantarum 20: 118-27.

11. DickinsoN, D. B. 1968. Rapid starch synthesis
associated with increased respiration in germinat-
ing lily pollen. Plant Physiol. 43: 1-8.

12. Grasziou, K. T. anp K. R. Gavrer. 1969. Sugar
transport: Occurrence of trehalase activity in
sugar cane. Planta (Berl.) 85: 299-302.

13. GrossmMaN, I. W. anp B. Sacror. 1968. Histo-
chemical localization of renal trehalase: Demon-
stration of a tubular site. Science 161: 571-72.

14. Gussin, A. E. S. anp G. R. Wyarr. 1965. Mem-
brane-bound trehalase from cecropia silkmoth
muscle. Arch. Biochem. Biophys. 112: 626-34.



1168

20.

21

22.

PLANT

Hore, P. axp M. Messer. 1968. Studies on di-
saccharidase activities of the small intenstine of
the domestic cat and other carnivorous mammals.
Compt. Biochem. Physiol. 24: 717-25.

Kerry, K. R. anp M. Messer. 1968.
glycosidases of threc species of seals.
Biochem. Physiol. 25: 437-46.

Intestinal
Compt.

Linskens, H. F. 1964. Pollen physiology. Ann.
Rev. Plant Physiol. 15: 255-70.

MAkINEN, Y. ano J. L. Brewsaker. 1967. Iso-
enzyme polymorphism in flowering plants. I. Dif-

fusion of enzymes out of intact pollen grains.
Physiol. Plantarum 20: 477-82.

MAkINEN, Y. aAnp T. MacvoNarp. 1968. Iso-
enzyme polymorphism in flowering plants. IIL
DPollen enzymes and isoenzymes. Physiol. Plan-
tarum. 21: 477-86.

MyrBAck, V. K. 1949. Trehalose and trehalasc.
Ergeb. Enzymforsch. 10: 168-9%).

Netsi, A. C. 1955. The biosynthesis of cell wall
carbohydrates. II. Formation of celluluose and
xylan from labelled monosaccharides in wheat
plants. Can. J. Biochem. Physiol. 33: 658-66.

OsescH, FF. ANp H. MEeEr. 1967. Trehalose in the
cambial sap of Fagus silvatica 1. Phytochemistry
6: 1147-48.

23.

24,

(S8
‘an

PHYSIOLOGY

ReinmoLp, L. ax»n Z. EsauaAr. 1968. Transport
of 3-o-methylglucose into and out of storage cells
of Daucus carota. Plant Physiol. 43: 1023-30.

SAactor, B. 1968. Trehalase and the transport of
glucose in the mammalian kidney and intestine.
Proc. Natl. Acad. Sci. 60: 1007-14.

Stewart, L. C.. N. K. Ricatmyer, anp C. S.
Hupson. 1950. The preparation of trehalose
from yeast. J. Am. Chem. Soc. 72: 2059-61.

SunsaiNe, P. oaxn N, Krercuwmer. 1964, In-
testinal disaccharidases: Absence in two species
of sea lion. Science 144: 850-51.

Trip, P, G. Krorkov, aANp C. D. NELsoN.
Metabolism of mannitol in higher plants.
Botany 51: 828-35.

Vax Hanper, E. 1968. Trehalase and maltase
in the serum of vertebrates.  Compt. Biochem.
Physiol. 26: 561-00.

Wyarr, G. R. 1967. The biochemistry of sugars
and polysaccharides in insects. Advan. Insect Phy-

siol. 4: 287--360.

Wryarr, G. R. anp G. F. Karr. 1957, The chem-
istry of insect hemolymph. II. Trehalose and
other carbohydrates. J. Gen. Physiol. 40: 833-47.

1964.
Am. J.



