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Molecular Weight and “C Distribution of Fructosan in

Timothy Stem Bases at Three Stages of Development'
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ABSTRACT

Variation in fructosan concentration in the stem base
of timothy (Phleum pratense L.) at three stages of
growth (initiation of stem elongation, ear emergence, and
anthesis) from 1 to 168 hours after exposure to *CO, was
investigated. Molecular weight distribution of “C-labeled
fructosan was determined. From initiation of stem elon-
gation to anthesis, fructosan concentration increased from
about 13 to almost 40%,. In the first two growth stages,
fructosan showed a broad molecular weight distribution,

M, = 18,000 to M, — 2,000. There was a tendency by
168 hours after initiation of stem elongation for the
plants to accumulate primarily higher molecular weight
fructosan, while by car emergence, there was a distinct
accumulation of long-chain fructosan molecules. In all
growth stages, '“C-labeled fructosan appeared as early
as 1 hour after exposure to ¥CO, with label distributed
throughout the molecular weight range. High *C ac-
tivity was found in long-chain fructosans by 168 hours
after exposure at ear emergence and anthesis. Condensa-
tion of short-chain fructosans and synthesis of new fruc-
tosans using monosaccharides with high "C activity may
explain the above observation.

Additional index words: Gel-filtration, Carbohydrates,
Grass.

RUCTOSAN is the major storage carbohydrate in

most temperate origin forage grasses (10) and is
used for regrowth after cutting or grazing or to en-
dure stress conditions (6, 13, 14). Timothy (Phleum
pratense L.) plants are capable of storing large quan-
tities of fructosan in their stem bases (9). Timothy
fructosans are composed of fructose molecules linked
B-2,6 with a degree of polymerization (DP) among
the highest for [ructosan-storing grasses making tim-
othy of special interest in studies of carbohydrate
metabolism (3, 5).

Knowledge of the cyclic trends of accumulation and
use of fructosan in grasses may be of importance in
forage production. Schlubach and Gassman (11) and
Kithbauch and Ziichner (7) found that long-chain
fructosans were decomposed to a lesser extent than
short-chain fructosans during the drying period in
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the process oi hay making, potentially saving energy
by knowing the trend of long-chain fructosan accu-
mulation and use.

The purpose of this study was to determine the ex-
tent of incorporation of “C into timothy stem base
fructosans at different growth stages and the mole-
cular weight range of the fructosans into which the
G was incorporated.

MATERIALS AND METHODS

Stem base samples were obtained from an experiment de-
scribed previously (1). In the preceding experiment, timothy
plants were exposed to MCO, for 45 min at three stages of growth
(initiation of stem clongation, Stage I car emergence, Stage 1I;
and anthesis, Stage IIT). Stem bases were harvested at 1, 3, 8,
32, and 168 hour intervals following commencement of exposure
to "CO,. Twenty-four stem bases were harvested at each sam-
pling time at Stage I, while 16 stem bases were harvested at each
sampling time at Stages IT and IIT. Bulked stem base samples
from cach sampling time were dried immediately at 70 C and
ground to 40-mesh size. Samples were analyzed for concentra-
tions of reducing and nonreducing sugars, starch, and fructosan
according to the methods of Smith (12).

Fructosan extracts for molecular weight and *C activity esti-
mations were prepared by shaking 500 mg of stem base tissue
with 200 ml of 859 ethanol (V/V) at room temperature for
1 hour. The slurry was filtered through Whatman No. 1 filter
paper and the filtrate containing the sugars was discarded. The
residue was air dried and washed into a 250-ml Erlenmeyer flask
with distilled water. Fructosans were extracted by shaking the
residue with 200 ml of distilled water for 1 hour. Protein was
precipitated with 100, lead acetate; excess lead acetate was pre-
cipitated with potassium oxalate. The solution was then filtered
through Whatman No. [ filter paper into a round bottom flask
and condensed to a few milliliters under reduced pressure at 50
C. The condensate was filtered and rinsed through Whatman
No. 42 filter paper into a calibrated test tube. The volume was
adjusted with distilled water to obtain about a 1¢; fructosan
solution. The condensed extract was tested for sugar impurities
using thin layer chromatography (4). Each extract was found
to be essentially free of sugars.

To estimate the molecular weight distribution of the fructosan
extracts, I ml of cach extract was cluted through a G-75 super-
fine Sephadex column with a 0.139; solution of NaN;. The
NaN,; was used as a bacteriostat. One ml of a 19, solution of
Dextran 10 and Dextran 20 (T-10 and ‘T-20, Pharmacia) was also
cluted through the above column. The peak for Dextran 10
occurred in fraction number 35 (molecular weight (M,) = 6.200)
and the peak for Dextran 20 occurred in fraction number 25
(A\_I" = 15.000). These peaks were used in estimating fructosan
molecular weights according to the regression equation, Y =
a 4+ DX, where Y is the fructosan molecular weight, ais the Y
intercept (M
M, /fraction number), and X is the fraction number.

= 37.000), b is the regression coefficient (—830



o
e
o

(63 H

s 3
H

- A
=

N
s

‘\’\'—0\. j

2

CROP SCIENCE, VOL. 17, MARCH-APRIL 1977

Fructosan

. — = Starch

Nonreducing sugars
Reducing sugars

Carbohydrate concentration, % (dry weight basis)

0--"'.__.'——-.——_:-8 E— =g ——
|l g Sprart o P-4 -, -
o LS v T LJ T R, i . .. i ‘
I 3 8 32 68 | 3 8 32 168 | 3 8 32 168
Hours (log scale)
Fig. 1. Carbohydrate concentration in timothy stem bases at 1, 3, 8, 32, and 168 hours following commencement of exposure to

"CO, at initiation of stem elongation (Stage I), ear emergence (Stage II), and anthesis (Stage III).

The column bed was 81 x 1.5 cm, had a void volume of 42.5
ml, and a flow rate of 6 ml/hour. The eluant was collected in
2 ml fractions until essentially all dextran and fructosan had
been eluted through the column as determined on a 0.5 ml ali-
quot of each fraction using the anthrone procedure of McCready,
et al. (8).

To estimate ™C activity, one ml of each fraction was pipetted
into 20-ml scintillation vials. To prevent precipitation of fructo-
san by the scintillation solution each sainple was hydrolyzed with
0.1 ml of I N HCl (15 min at 100 C), cooled, and neutralized
with 0.1 ml of 1 .N NaOH before addition of the scintillation
solution. Quenching was not a problem when using the above
hydrolysis procedure. To each vial, 10 ml of scintillation solu-
tion (13.3 ¢ PPO; 190g naphthalene; 1900 ml dioxane) were
added. Radioactivity was counted at 94.3%, efficiency in a
Beckman Liquid Scintillation System LS-11. Radioactivity was
calculated for the entire 2 ml fraction.

RESULTS AND- DISCUSSION

Carbohydrate Concentrations

Reducing and nonreducing sugars, starch, and fruc-
tosan concentrations in the stem bases of timothy
plants from 1 to 168 hours after exposure to 4CO,
at three stages of growth are shown in Fig. 1. Reduc-
ing and nonreducing sugar and starch levels showed
little variation during the week following exposure
to CO, at the three growth stages, while fructosan
levels increased dramatically from Stage I through
Stage III. Following exposure at Stage I, a 4.59, de-
crease in fructosan concentration was noted after 168
hours. In contrast, 168 hours following exposure at
Stage 1I, fructosan concentration increased consid-
~erably before beginning to level off at Stage IIL
Leaves and stems are almost fully developed by Stage
II and stem bases had accumulated nearly 269 fruc-
tosan  (dry weight basis) by 168 hours after 4CO,
exposure, and almost 409 fructosan by 168 hours af-
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Fig. 2. Distribution of ™C activity and fructosan in timothy
stem bases after elution through Sephadex G-75 superfine.
Plants were exposed to "'CO; for 45 min at the initiation of
stem clongation (Stage I) and harvested 1, 8, and 168 hours
following .commencement of exposure. Fructosan and *C
activity at molecular weight 0 may have been caused by tail-
ing in the column or breakdown of minute amounts of low
molecular weight fructosans during handling. All “C activi-
tics minus background. Standard error at 1 hour — 1.39.
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Fig. 3. Distribution of C activity and fructosan in timothy
stem bases after elution through Sephadex G-75 superfine.
Plants were exposed to “CO. for 45 min at ear emergence
(Stage II) and harvested 1, 8, and 168 hours following com-
mencement of exposure. Fructosan and *C activity at mole-
cular weight 0 may have been caused by tailing in the column
or breakdown of minute amounts of low molecular weight
fructosans during handling. All *C activities minus back-
ground. Standard error at 1 hour — 2.00.

Molecular Weight Distribution of Fructosan
Fructosan in the stem base showed a very broad
molecular weight distribution at Stage I (Fig. 2). Most
fructosan was between M, = 18,000 and N, —

10,000 with lesser amounts down to M, = 2,000.
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Fig. 4. Distribution of *C activity and fructosan in timothy
stem bases after elution through Sephadex G-75 superfine.
Plants were exposed to “CO, for 45 min at anthesis (Stage
III) and harvested 1, 8, and 168 hours following commence-
ment of exposure. Fructosan and “C activity at molecular
weight 0 may have been caused by tailing in the column or
breakdown of minute amounts of low molecular weight fruc-
tosans during handling. All **C activities minus background.
Standard error at 1 hour = 2.36.

At Stage II, fructosan molecular weight distribu-
tion showed a broad distribution pattern with the

largest amount of fructosan at about ﬁn = 11,000
(Fig. 3). One week later, however, fructosan tended to
consist of long-chain molecules between M, = 18,000

and :\_l“ = 11,000. Stage Il seems to have been an in-
termediate step in the development of long-chain fruc-
tosan molecules with a relatively narrow molecular
weight range. As was found in previous studies (5,
15), the molecular weight range of fructosan in the
stem base at Stage 11T showed a relatively narrow dis-
tribution around M, = 16,000 (Fig. 4).

Balasko and Smith (1) found that whole plants
(identical to those used in our experiment) transport-
ed large amounts of mono- and dissaccharides from
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leaf blades and sheaths to stems and stem bases. At
Stage I1I, increasing fructosan concentration (Fig. 1)
and fructosan molecules with a high molecular weight
(Fig. 4) together with the findings of Balasko and
Smith (1) are consistent with the theory that grasses
of temperate origin prevent increases in osmotic pres-
sure by polymerizing fructosan molecules (6).

14C Distribution of Fructosan

Activity of C in stem base fructosans 1 hour after
exposure at all growth stages showed that assimilates
were rapidly incorporated into fructosan molecules,
14 activity in the stem base ranging from 7 to 29,
Stages I through III, respectively, of total plant *C
activity (I). This agrees with the rapid distribution
of “C following exposure to CO, previously ob-
served in plants (2). In our study, *C activity was
distributed uniformly throughout the entire molecular
weight range as early as 1 hour after exposure (Fig.

3, 4). Eight hours after exposure to *CO,, high
levels of activity were also found over the entire
molecular weight range with slightly higher levels
noted for larger molecular weight fructosans. Ac-
cumulation of “C took place independently of fruc-
tosan accumulation in the stem base, i.e., at Stage I,
fructosan concentration decreased 4.59, from 1 to 168
hours following exposure to CO., (Fig. 1) while
14C activity in the fructosan fraction increased dis-
tinctly (Fig. 2) and at Stage II, fructosan concentra-
tion remained fairly stable from 1 to 8 hours (Fig.
1) while C activity in the fructosan fraction increased
dramatically (Fig. 3).

Several factors might influence the large increase
in “C activity in the stem base fructosans 168 hours
after exposure at Stages II and III. In relation to the
distribution of fructosans of varying molecular weight,
high “C activity was found in the low molecular
weight range 8 hours after *CO, exposure at Stage
I1, while by 168 hours, *C activity was lower in the
same molecular weight range (Fig. 3). While this
data may support the theory that long-chain mole-
cules are in part built up from short- and medium-
chain molecules, the amount of the latter is not suffi-
cient to account for the tremendous increase in MC
activity of long-chain fructosans as seen in Fig. 3.

Balasko and Smith (1) reported that MC activity
ol the mono- and disaccharide fractions in the stem
base decreased at about the same rate as 1C activity
in the fructosan fraction increased. Consequently,
highly labeled long chain fructosans in the stem base
168 hours after exposure a Stages II and III may
also be due to the incorporation of *C monosacc-

harides. During Stage I an increase in MC activity
of the fructosan fraction was not seen (Fig. 2); as
reported earlier (1, 6), this may be due to the high
demand for assimilates needed for stem construction.

ACKNOWLEDGMENT

The senior author gratefully acknowledges the West Germany
Deutsche Forschungsgemeinschaft and the Technical University
of Munich for the grant of travel and salary funds during sab-
batical leave. The authors thank Dr. John A. Balasko, Univ. of
West Virginia, and Dr. Dale Smith for the use of plant tissue
derived from their carlier work, and to the latter for laboratory
facilities and his helpful advice.

REFERENCES

1. Balasko, J. A. and Dale Smith. 1973. Carbohydrates in
grasses: V. Incorporation of C into plant parts and non-
structural carbohydrates of timothy (Phleum pratense L.)
at three developmental stages. Crop Sci. 13:19-22.

2. Biddulph, Orlin. 1969. Mechanism of translocation of plant
metabolites. p. 143-164. In J. D. Eastin, F. A. Haskins, C.
Y. Sullivan, and C. H. M. Van Bavel (eds.). Physiological
aspect of crop yield. ASA, CSSA, Madison, Wis.

3. Grotelueschen, R. D. and Dale Smith. 1968. Carbohydrates
in grasses: III. Estimations of the degree of polymerization
of the fructosans in the stem bases of timothy and brome-
grass near seed maturity. Crop Sci. 8:210-212.

4. Kiihbauch, W. 1973. Verdnderung von Kohlenhydratfrak-
tionen in Blittern und Stengeln einiger Knaulgrassorten
wihrend des Wachstums. Landw. Forschg. 26:213-220.

. ————. 1974. Fructosangehalt, — polymerisationsgrad und-
struktur  in  verschiedenen Pflanzenteilen von Lieschgras
(Phleum pratense L.). 7. Pflanzenphysiol. 74:121-129.

6. ———. and G. Voigtldinder. 1974. Vegetationskegelentwick-
lung und Variabilitidt von Zuckergehalten im knaulgras (Dac-
tylis glomerata L.). 7. Acker-und Pflanzenbau. 140:85-99.

7. ————. and S. Zichner. 1975. Der EinfluB des Polymerisa-
tionsgrades von wasserloslichen Kohlenhydraten in Grisern
auf deren Verluste wihrend der Heutrocknung im Freiland.
7. Acker-und Pflanzenbau. 141:249-255.

8. McCready, R. H., J. Guggolz, V. Silviera, and H. S. Owens.
1950. Determination of starch and amylose in vegetables.
Anal. Chem. 22:1156-1158.

9. MclIlroy, R. J. 1967. Carbohydrates of grassland herbage.
Herbage Abstracts. 37:79-87.

10. Ojima, K. and T. Isawa. 1968. The variation of carbohy-
drates in various species of grasses and legumes. Can. J.
Bot. 46:1507-1511.

I1. Schlubach, H. and L. Gassmann. 1955. Untersuchungen
tiber Polyfruktosane. XLI. Uber den Kohlenhydratstoffwech-
sel in Phlewm pratense. Liebigs Ann. Chem. 594:33-41.

12. Smith, Dale. 1969. Removing and analyzing total nonstruc-
tural carbohydrates from plant tissue. Res. Div., College of
Agric. and Life Sci., Univ. of Wisconsin. Res. Rep. no. 41.

o

13, ————. 1975. Forage management in the north. Kendall/
Hunt Publishing Company. Dubuque, Iowa.
14, ————. and R. D. Grotelueschen. 1966. Carbohydrates in

grasses. I Sugar and fructosan composition of the stem
base of several northern-adapted grasses at seed maturity.
Crop Sci. 6:263-266.

15. Suzuki, M. 1968. Fructosan in the timothy haplocorm. Can.
J. Bot. 46:1,201-1,206.



