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WETZEL, W., N. POPOV, B. LOSSNER, S. SCHULZECK, R. HONZA AND H. MATTHIES. Effect of L-fucose on
brain protein metabolism and retention of a learned behavior in rats. PHARMAC. BIOCHEM. BEHAYV. 13(6) 765-771,
1980.—The intraperitoneal or intraventricular application of L-fucose (100 mg/kg or 75 ug, respectively) prior to training in
shuttle box avoidance as well as in shock-motivated brightness discrimination in rats significantly improved the retention of
learned behavior 24 hr later. The application of D-fucose was without influence on retention. In naive animals, intraven-
tricularly applied L-fucose (75-200 ug) caused an increase in the rate of protein synthesis in the hippocampus, resulting in a
significant increase in total proteins of this brain structure, mainly attributed to the Tris-insoluble protein fractions. The
results are discussed in terms of an activation of glycoprotein formation by increasing supply with L-fucose.
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RECENTLY, there has been increasing evidence of the par-
ticular role of glycoproteins in adaptive functions of neuronal
membrane components determining the efficiency of inter-
neuronal connections [1, 6, 18] and the resulting information
processing and storage [3, 4, 19, 28].

Radioactive L-fucose was proven to be a suitable precur-
sor for the investigation of glycoprotein biosynthesis, since it
is not converted to other sugars [2, 9, 38] and does not seem
to be a significant constituent of glycolipids and muco-
polysaccharides [12, 16, 27, 40]. Thus, substantial changes in
L-fucose incorporation into brain tissue after different learn-
ing experiments and environmental exposures were consid-
ered as a reflection of altered glycoprotein synthesis [7, 10,
11, 32, 34, 36, 37].

The mechanisms determining the formation of individual
glycoprotein molecules as well as the significance of the
terminal position of fucose at the glycan chains anchored to
the corresponding polypeptides to form glycoproteins are
poorly understood (for reviews see (17, 18, 30, 39]). Fucose
has to be phosphorylated [9,21] and transformed into GDP-
fucose [20], before finally coupling to a previously formed
glycan chain of a glycoprotein [5,25]. But the significance of
the relatively small pool of free L-fucose in brain tissue (we
determined only 0.02 umoles/g in rat hippocampus in com-
parison to 0.8 umoles/g bound fucose in the same brain
structure [33]) for the rate of glycoprotein synthesis is not
easily assessed, since the kinetics of the three enzymatic
reactions is not yet definitely known, which is also true of
rate-limiting step(s) and regulating factors.

In order to gather more information on the metabolic and
functional importance of fucose and its incorporation into

glycoproteins, we investigated the effects of fucose applica-
tion on brain protein synthesis as well as on acquisition and
retention of two different learning tasks in rats.

METHOD

Biochemical Experiments

Male Wistar rats weighing approximately 180-190 g were
used. The animals were provided with food and water ad lib.

L-(1-*H)fucose (specific radioactivity 1 Ci=37 GBq/
mmole) and L-(4,5-*H)leucine (specific radioactivity 58
Ci=2.146 TBg/mmole) were purchased from The
Radiochemical Centre, Amersham, Great Britain.

The hippocampus was homogenized in a 20-fold volume
of ice-cold Tris-HCI buffer, pH 7.4, and centrifuged in a
refrigerated ultracentrifuge at 100,000 xg for 60 min. The re-
sulting supernatant, designated as the soluble proteins, con-
tained approximately 35-40% and 15-20% of the initial ho-
mogenate proteins and fucose-containing glycoproteins, re-
spectively. The insoluble pellet was solubilized in a mixture
of 8 M urea, 10% B-mercaptoethanol, 5% Triton-X-100 and
0.05 M K,CO; and designated as the solubilized insoluble
proteins, containing the rest of the 60-65% proteins and
80-85% fucose-containing glycoproteins [33].

The protein content in homogenates was determined by
the method of Lowry et al. [26] with bovine serum albumin
as the reference substance, and by using an amido black
technique [35] elaborated for protein content measurements
of solubilized material, since constituents of the solubilizer
used interfered with the Folin phenol reagent employed by
Lowry et al. [26]; therefore, the protein content in sol-
ubilized fractions was determined by the amido black proce-

1Part of this work was presented at the VIth International Neurobiological Symposium on Learning and Memory, Magdeburg (G.D.R.), July
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FIG. 1. Percentage increase in total protein content of rat hippo-
campus vs controls 1 and 2 hr after intraventricular application of
25-200 ug L-fucose dissolved in 10 ul artificial cerebrospinal fluid.
The calculation was based on measurements of mg protein per g wet
tissue, while the DNA content was not altered by fucose application.
Each point represents the mean of eight determinations in duplicate.
The filled circles and triangles denote statistically significant values
(p<0.05).
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dure only. DNA content was determined by the method of
Burton [8].

In a first series of experiments, rats were intraventricu-
larly injected with 25, 50, 75, 100 and 200 ug (0.152, 0.305,
0.457, 0.610 and 1.220 umoles) L-fucose as well as 100 ug
(0.610 umoles) D-fucose dissolved in 10 ul artificial cere-
brospinal fluid (ACF) [29]. The controls received ACF only.
The rats were decapitated 1 and 2 hr after injection.

In a second series, 100 uCi (=3.7 MBq) (*H)leucine was
intraventricularly injected 1, 60 and 120 min after application
of 75 ug L-fucose. Controls received 10 ul ACF before in-
jection of labeled leucine. The leucine incorporation into
hippocampal proteins was expressed as relative specific ac-
tivity (RSA), i.e. the ratio of specific radioactivity of proteins
to the radioactivity of free, non-incorporated precursor
[22,24].

In a third series, it was tested if under the present experi-
mental conditions in vivo the L-fucose incorporation system
was specific for L-fucose or could be influenced by the un-
natural for mammalian tissue D-isomer as well as by the
presumed L-fucose precursor D-mannose [9, 14, 15] and the
unnatural L-mannose. Thirty rats were divided into 5 groups
of 6 animals each: (a) Controls: Intraventricular injection of
100 uCi (=3.7 MBq) tritium-labeled L-fucose (containing 16
#g8=0.100 umoles L-fucose) dissolved in 10 ul ACF. (b)
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FIG. 2. Influence of L-fucose on the incorporation of tritiated
L-leucine into TCA-insoluble proteins of rat hippocampus. The in-
corporation of labeled leucine is expressed as relative specific activ-
ity (RSA, ratio of specific radioactivity of proteins to radioactivity of
free, non-incorporated leucine). Tritium-labeled leucine was intra-
ventricularly injected 1, 60 or 120 min after intraventricular applica-
tion of 75 ug L-fucose. The controls received artificial cerebrospmal
fluid instead of L-fucose. The incorporation time was 15 min.

Number of animals is given in parentheses. Data are presented as
means + SEM. *=p<0.05; **=p<0.02; ***=p<0.0l, fucose-
treated animals vs controls.

L-Fucose-group: 100 uCi labeled L-fucose plus 0.510
umoles L-fucose (a total of 0.610 umoles L-fucose) in 10 ul
ACF. (¢) D-Fucose-group: 100 uCi labeled L-fucose plus
0.610 umoles D-fucose in 10 ul ACF. (d) D-Mannose-group:
100 uCi labeled L-fucose plus 110 ug (=0.610 wumoles)
D-mannose in 10 ul ACF. (e) L-Mannose-group: 100 uCi
labeled fucose plus 110 ug L-mannose in 10 ul ACF. The
incorporation time was 2 hr in all cases of this experiment.
The technique concerning sample preparation for radioac-
tivity measurements is described elsewhere [33].

Student’s ¢-test was used to evaluate the statistical signif-
icance of differences between means.

Behavioral Experiments

In the first experiment, 18 adult male Wistar rats weighing
150-200 g and housed with 10 animals per cage were used.
Food and water were available ad lib.

An automatic shuttle-box (25x25x60 c¢m) with a grid
floor and buzzer located at the midline was used. The box
was divided into two equal compartments by a 5 cm hurdle.
Each compartment could be illuminated by 40 W bulbs
mounted in the lids. Prior to the training session the animals
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FIG. 3. Effects of intraventricularly injected L-fucose (black columns), D-fucose (vertically shaded
columns), D-mannose (diagonally shaded columns) and L-mannose (horizontally shaded columns) in
equimolar amounts (0.610 umoles) on the incorporation of L-(1-*H)fucose (100 uCi, 0.100 umoles
L-fucose) into rat hippocampus 2 hr after combined application. The controls (white columns) received
tritiated fucose in cerebrospinal fluid only. Specific activity is expressed in disint/min/ug
protein + SEM (six determinations in duplicate in each case). ***=p<0.01, experimental animals vs
controls. For further details see the section ‘Methods’.

were allowed to explore the box for 5 min. The conditioned
stimulus (buzzer plus light) lasted 4.4 sec and was followed
by a 0.4 mA foot-shock if the animal did not avoid. The
intertrial interval was 30 sec. The training session was con-
tinued until the animal reached a criterion of 5 avoids.
Animals not reaching the criterion during 70 trials were elim-
inated. Retention was tested 24 hr after training in a relearn-
ing session using the same criterion. One hundred mg/kg
L-fucose was injected intraperitoneally 30-40 min before the
training session. Controls received saline injections (1.0
ml/100 g body weight).

In the second experiment, we used 20 adult male Wistar
rats weighing 190-250 g. They were housed with 10 animals
per cage and provided with food and water ad lib. The rats
were trained to learn a foot-shock motivated brightness dis-
crimination in a semiautomatic Y-maze [31]. Runs into the
dark alley were punished by application of 1 mA foot-
shocks, whereas the illuminated alley was the safe area. The
mean intertrial interval was 1 min. The training session was
completed after 22 trials. Retention of the brightness dis-
crimination task was tested in a relearning session 24 hr after
training. For further details see [31]. One hundred mg/kg
L-fucose was injected intraperitoneally 30 min before the
training session. Control animals received saline injections
(1.0 mI/100 g body weight). Evaluation of results: Running
into the dark alley of the Y-maze was counted as an error.
Number of training errors and number of relearning errors
were used to calculate the % savings:

training errors - relearning errors
g g x 100%

% savings = —
tralning €rrors

In the third experiment, we used 157 adult male Wistar
rats weighing 180-220 g. They were housed in single cages
and provided with food and water ad lib.

One week prior to the experiments, a chronic microcan-
nula was implanted into the right lateral ventricle under light

hexobarbital-urethane anesthesia. Experimental animals re-
ceived intraventricularly L-fucose or D-fucose dissolved in
10 ul ACF injected through the implanted cannulas. Controls
received 10 ul ACF only.

The rats were trained to learn a foot-shock motivated
brightness discrimination as described for the second exper-
iment. The training session was completed after 40 trials (in
the experiments related to different injection-training inter-
vals) or 31 trials (in all other experiments). In the first series,
75 ug L-fucose was injected 4 hr or 30 min before or 1 min
after the training session. In the second series, 75 ug or 150
ung L-fucose was injected 30 min before training. In the third
series, 30 min pre-training injections of either 75 ug L-fucose
or D-fucose were given. In all experiments, retention of the
brightness discrimination task was tested in a relearning
session 24 hr after training.

For statistical evaluation of behavioral results, the
Mann-Whitney U-test was used.

RESULTS
Biochemical Experiments

As depicted in Fig. 1, intraventricularly applied L-fucose,
at doses exceeding 75 ug/10 ul ACF, caused a small but
statistically significant increase in total proteins of rat hip-
pocampus, whereas D-fucose exhibited no effect at the same
dosage. As shown in Table 1, this increase was mainly at-
tributed to the Tris-insoluble fraction (involving predomi-
nantly membrane constituents).

The results obtained with labeled leucine after L-fucose
premedication (Fig. 2) confirm the above findings in terms
that a true increase in protein synthesis may have become
evident.

As demonstrated in Fig. 3, within 2 hr after fucose appli-
cation there were no signs of influence of L-fucose due to
exogenous applied D-fucose, D-mannose and L-mannose,
since the dilution degree of labeled L-fucose was influenced
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TABLE 1

EFFECT OF INTRAVENTRICULARLY APPLIED L-FUCOSE OR
D-FUCOSE (100 ug/10 ul ARTIFICIAL CEREBROSPINAL FLUID) ON
PROTEIN CONTENT OF RAT HIPPOCAMPUS FRACTIONS*

D-fucose
treatment

L-fucose
treatment

Controls

Homogenate 92.4 = 1.8 99.1 = 1.37 91.7+ 1.4
Soluble proteins 388 +27 41.7=x1.9 400 = 2.4
Insoluble proteins 50.7 = 2.6 59.8 + 3.2+ 52.8 +3.0

*Means of 6 determinations in duplicate of protein content using
an amido black technique [35], expressed as mg/g wet tissue +
SEM.

Tp<0.05, 2 hr L-fucose treatment vs controls receiving 2 hr before
death artificial cerebrospinal fluid only.

TABLE 2

EFFECT OF 100 mg/kg L-FUCOSE INJECTED INTRAPERITONEALLY
30 MIN BEFORE TRAINING ON RETENTION OF BRIGHTNESS

DISCRIMINATION*
Group n Training  Relearning % savings
errors errors
Controls 10 7.7x06 46=+06 384183
L-fucose-
treated animals 10 7.8=x0.5 3304 58.8 + 3.0t

*Means + SEM.
1p<0.05.

(in a proportional manner) by addition of L-fucose only, i.e.
it is most likely that L-fucose remained as unchanged sub-
strate during the 2 hr experiments.

Behavioral Experiments

In the first experiment using a shuttle-box procedure, the
number of training trials was not influenced by the L-fucose
pretreatment (Fig. 4). However, the number of relearning
trials to reach the criterion was significantly reduced in
fucose-treated animals. Escape latencies and intertrial cross-
ings were not changed by L-fucose.

Table 2 shows the results of the second experiment.
While the number of training errors was not influenced by
the intraperitoneal injection of 100 mg/kg L-fucose, the
number of relearning errors in the fucose group was reduced,
thus resulting in significantly higher % savings.

The results of the third experiment using different
injection-training intervals are summarized in Fig. 5. A sig-
nificant improvement of the 24 hr retention was found only if
L-fucose was injected 30 min before the training session.
Therefore, this interval between intraventricular injection
and training was used in the further experimental series.

Table 3 shows the influence of 75 and 150 ug L-fucose on
retention of the brightness discrimination task. Both doses of
the substance exhibited a retention-enhancing effect; the
more pronounced effect induced by application of 75 ug
L-fucose was statistically significant.

In the third series of this experiment, it was found that
after application of 75 ug L-fucose, but not after 75 ug
D-fucose, retention was improved (Table 4). Animals in-
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FIG. 4. Effect of 100 mg/kg L-fucose injected intraperitoneally 30-40
min before training on retention of shuttle-box avoidance (means of
seven animals in each group + SEM). **=p<(.02, L-fucose-treated
animals (black columns) vs controls (white columns).

jected with D-fucose showed relearning values similar to
those of the controls. The relearning differences between
L-fucose and D-fucose were statistically significant. In Fig.
6, mean values of all rats receiving 75 ug L-fucose intraven-
tricularly 30 min before training (resulting from the second
and third experimental series) are summarized. The differ-
ence between L-fucose-treated animals and related controls
in relearning errors is clearly shown.

DISCUSSION

Previous investigations in our laboratory demonstrated
that after acquisition of a brightness discrimination in rats,
the incorporation of L-fucose into hippocampal proteins was
significantly increased, indicating an augmentation of the
glycoprotein formation in this brain structure during consoli-
dation of a learned behavior [32,36]. The different parts of
the hippocampus formation showed differences with regard
to the groups of proteins so far involved as well as to the time
course of their synthesis [32,36]. These results support the
findings of other laboratories on the increased glycoprotein
formation in connection with the formation of memory traces
as well as correlates of responses to environmental changes
[3,7, 11, 19].

We also observed that stimulation of dopaminergic recep-
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FIG. 5. Effect of 75 ug L-fucose injected intraventricularly 4 hr or 30
min before training or 1 min upon completion of training on retention
of brightness discrimination. Ordinate: % savings of L-
fucose-treated animals minus % savings of controls. Number of
animals is given in parentheses. ***=p<0.01.

TABLE 3

EFFECT OF TWO DIFFERENT DOSES OF L-FUCOSE INJECTED
INTRAVENTRICULARLY 30 MIN BEFORE TRAINING ON
RETENTION OF BRIGHTNESS DISCRIMINATION*
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FIG. 6. Effect of 75 ug L-fucose injected intraventricularly 30 min
before training on retention of brightness discrimination (means *
SEM). Number of animals in parentheses. ***=p<0.01. L-
fucose-treated animals (black columns) vs controls (white columns).

TABLE 4

EFFECT OF L-FUCOSE OR D-FUCOSE INJECTED
INTRAVENTRICULARLY 30 MIN BEFORE TRAINING ON
RETENTION OF BRIGHTNESS DISCRIMINATION*

Group n Training Relearning % savings Group n Training Relearning % savings
errors errors errors errors
Controls 16 9.4 +0.8 4.5+ 0.7 53.6 + 6.4 Controls 7 11.1 = 1.0 51+ 1.5 55.7 + 10.3
75 ug 19 10.7 = 0.8 29+ 03 711 = 3.7% 75 pg 8 9.6 = 1.0 2.5 + 0.9t 74.1 = 8.3
L-fucose L-fucose
150 ug 21 10.7 = 0.7 3304 64.8 x 4.7 75 pg 1 11.6 + 0.8 43 +0.5 61.8 + 5.0
L-fucose D-fucose

*Means = SEM.
1p<0.05, L-fucose-treated animals vs controls.

tors in the hippocampus by post-trial microinjection of
apomorphine did improve the retention of a brightness dis-
crimination [28] as well as increase the incorporation of
labeled L-fucose into hippocampal proteins in vivo and in
vitro [23], thus indicating a possible role of a dopaminergic
system operating in the consolidation of a long-term trace.
The present results obviously confirm the assumption
that glycoproteins with fucosyl endgroups in their glycan
chains seem to play an important functional role in the con-

*Means = SEM.
1p<0.05, L-fucose-treated animals vs D-fucose-treated animals.

solidation of a long-term trace, as the retention of the ac-
quired behavior can be significantly improved in two differ-
ent learning tasks, in the brightness discrimination as well as
in the conditioned avoidance of a shuttle-box paradigm, by
application of L-fucose. The effect is specific to L-fucose,
the physiological substrate participating in the glycosylation
of proteins, while D-fucose is ineffective.

The application of L-fucose 30 min before training is
much more effective than 4 hr before training, but ineffective
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after training. This would not indicate a direct effect on ac-
quisition, since the training parameters do not differ in con-
trols and treated animals. Rather we have to consider that
L-fucose obviously needs some time for distribution in the
brain tissue after intraventricular injection. Nevertheless, a
maximal effect seems to depend also on the occurrence of an
increased fucose concentration at a relatively early stage of
consolidation, which already arises during the training
period and shortly thereafter. During this time, the availabil-
ity of free fucose probably determines the rate of the last step
of fucosyl glycoprotein formation and the resulting changes.
It is difficult, however, to explain at present the effects of
L-fucose on the synthesis of peptide chains, as expressed by
the increased RSA values of hippocampal proteins after
labeling with tritiated leucine as well as by the increase in the
amounts of proteins. Two mechanisms can be mainly dis-
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cussed in this connection: (a) A negative feedback control of
not yet fucosylated glycoproteins on the synthesis of their
corresponding polypeptides or on the polypeptide synthesis
in general, or (b) the formation of fucose-containing glyco-
proteins functioning as activators at the translational level of
protein synthesis. Which of these alternatives were relevant,
in any case the increased formation of glycoproteins by the
terminating step of fucosylation would induce the supply of
newly synthesised polypeptide chains for its further forma-
tion. Future investigations may elucidate the validity of this
assumption.

ACKNOWLEDGEMENT

The skillful technical assistance of H. Pakendorf, D. Niiss, I.
Boldt, L. Enderling, H. Jantze, E. Mentel and 1. Weber is gratefully
acknowledged.

REFERENCES

1. Barondes, S. H. Brain glycomacromolecules and interneuronal
recognition. In: The Neurosciences, Second Study Program,
edited by F. O. Schmitt. New York: Rockefeller University
Press, 1970, pp. 747-760.

2. Bocci, V. and R. J. Winzler. Metabolism of L-fucose-1-**C and
of fucose glycoproteins in the rat. Am. J. Physiol. 216: 1337
1342, 1969.

3. Bogoch, S. Glycoproteins of the brain of training pigeon. In:
Protein Metabolism of the Nervous System, edited by A.
Lajtha. New York: Plenum Press, 1970, pp. 555-569.

4. Bogoch, S. Glycoproteins and brain circuitry: The ‘sign-post’
theory in normal memory function and in the regressive states of
brain tumors and the psychoses. Biol. Psychiat. 9: 73-88, 1974.

5. Broquet, P., M. N. Perez-Gonzalez and P. Louisot. Characteri-
zation of a rat brain fucosyl-transferase. J. Neurochem. 32:
599-606, 1979.

6. Brunngraber, E. G. Glycoproteins in nervous tissue. In: Protein
Metabolism of the Nervous System, edited by A. Lajtha. New
York: Plenum Press, 1970, pp. 383-407.

7. Burgoyne, R. D. and S. P. R. Rose. Transient increase in *H-
fucose incorporation following first exposure of dark-reared rats
to light. Life Sci. 23: 2697-2703, 1978.

8. Burton, K. A study of the conditions and mechanism of the
diphenylamine reaction for the colorimetric estimation of
deoxyribonucleic acid. Biochem. J. 62: 315-326, 1956.

9. Coffey, J. W., M. Miller and O. Z. Sellinger. The metabolism of
L-fucose in the rat. J. Biol. Chem. 239: 4011-4017, 1964.

10. Damstra, T., D. Entingh, J. E. Wilson and E. Glassman. Incor-
poration of (*H)-L-fucose into brain glycoproteins during envi-
ronmental stimulation following intracranial, intravenous, or
subcutaneous injections. Behav. Biol. 13: 121-126, 1975.

11. Damstra-Entingh, T., D. Entingh, J. E. Wilson and E.
Glassman. Environmental stimulation and fucose incorporation
into brain and liver glycoproteins. Pharmac. Biochem. Behav.
2: 73-78, 1974.

12. Dutton, G. R. and S. H. Barondes. Glycoprotein metabolism in
developing mouse brain. J. Neurochem. 17: 913-920, 1970.

13. Foster, D. W. and V. Ginsburg. Biosynthesis of L-fucose by
mammalian tissues. Biochem. biophys. Acta 54: 376-378, 1961.

14. Ginsburg, V. Formation of guanosine diphosphate L-fucose
from guanosine diphosphate D-mannose. J. biol. Chem. 235:
2196-2201, 1960.

15. Ginsburg, V. Studies on the biosynthesis of guanosine diphos-
phate L-fucose. J. biol. Chem. 236: 2389-2393, 1961.

16. Glasgow, M. S., R. H. Quarles and S. Grollman. Metabolism of
fucoglycoproteins in the developing rat brain. Brain Res. 42:
129-137, 1972.

17. Gombos, G., G. Vincendon, A. Reeber, M. S. Ghandour and
J.-P. Zanetta. Membrane glycoproteins in synaptogenesis. In:
Proceedings of the European Socieity of Neurochemistry, Vol.
1, edited by V. Neuhoff. Weinheim—New York: Verlag
Chemie, 1978, pp. 174-188.

18. Irwin, L. N. Glycolipids and glycoproteins in brain function. In:
Reviews of Neuroscience, Vol. 1, edited by S. Ehrenpreis and 1.
J. Kopin. New York: Raven Press, 1974, pp. 137-179.

19. Irwin, L. N., R. A. Barraco and D. M. Terrian. Protein and
glycoprotein metabolism in brains of operantly conditioned pi-
geons. Neuroscience 3: 457-463, 1978.

20. Ishihara, H. and E. C. Heath. The metabolism of L-fucose. [V.
The biosynthesis of guanosine diphosphate L-fucose in porcine
liver. J. biol. Chem. 243: 1110-1115, 1968.

21. Ishihara, H., D. J. Massaro and E. C. Heath. The metabolism of
L-fucose. III. The enzymatic synthesis of B-L-fucose
1-phosphate. J. biol. Chem. 243: 1103-1109, 1968.

22. Jork, R., B. Loessner and H. Matthies. Hippocampal activation
and incorporation of macromolecule precursors. Pharmac.
Biochem. Behav. 9: 709-712, 1978.

23. Jork, R., B. Loessner and H. Matthies. Dopamine and macro-
molecule synthesis in rat hippocampus. Pharmac. Biochem.
Behav. 11: 247-249, 1979.

24. Loessner, B., R. Jork and H. Matthies. Einbau von (*H)-Leuzin
in die Gesamtproteine verschiedener Sommer’scher Sektoren
des Hippokampus der Ratte in vivo und in vitro. Acta biol. med.
germ. 36: 1221-1229, 1977.

25. Louisot, P. and P. Broquet. Subcellular localization of
glycosyl-transferases in synaptosomes and mitochondria of
brain. In: Central Nervous System. Studies on Metabolic Regu-
lation and Functions, edited by E. Genezzani and H. Herken.
Berlin, Heidelberg and New York: Springer Verlag, 1974, pp.
164-166.

26. Lowry, O. H., H. J. Rosenbrough, A. L. Farr and R. J. Randall.
Protein measurement with the Folin phenol reagent. J. biol.
Chem. 193: 265-275, 1951.

27. Margolis, R. K. and R. U. Margolis. Disposition of fucose in
brain. J. Neurochem. 19: 1023-1030, 1972.

28. Matthies, H. Learning and memory. In: Advances in Pharma-
cology and Therapeutics, Vol. 5. Neuropsychopharmacology,
edited by C. Dumont. Oxford and New York: Pergamon Press,
1978, pp. 117-135.

29. Merlis, J. K. The effect of changes in the calcium content of
cerebral fluid on the spinal reflex activity in the dog. Am. J.
Physiol. 131: 67-72, 1940.

30. Morgan, I. G., G. Gombos and G. Tettamanti. Glycoproteins
and glycolipids of the nervous system. In: The Glycoconjugates,
Vol. 1, Mammalian Glycoproteins and Glycolipids, edited by
M. I. Horowitz and W. Pigman. New York: Academic Press,
1977, pp. 351-383.



L-FUCOSE EFFECT ON RETENTION AND PROTEIN METABOLISM

31.

32

33.

34,

35.

Ott, T. and H. Matthies. Some effects of RNA precursors on
development and maintenance of long-term memory: Hip-
pocampal and cortical pre- and post-training application of RNA
precursors. Psychopharmacologia 28: 195-204, 1973,

Pohle, W., H.-L. Ruethrich, N. Popov and H. Matthies. Fucose
incorporation into rat hippocampus structures after acquisition
of a brightness discrimination. A histoautoradiographic
analysis. Acta biol. med. germ. 38: 53-63, 1979.

Popov, N., W. Pohle, H.-L. Ruethrich, S. Schulzeck and H.
Matthies. Time course and disposition of fucose radioactivity in
rat hippocampus. A biochemical and microautoradiographic
study. Brain Res. 101: 283-293, 1976.

Popov, N., H.-L. Ruethrich, W. Pohle, S. Schulzeck and H.
Matthies. Increased fucose incorporation into rat hippocampus
during learning. A biochemical and microautoradiographic
study. Brain Res. 101: 295-304, 1976.

Popov, N., M. Schmitt, S. Schulzeck and H. Matthies. Eine
storungsfreie Mikromethode zur  Bestimmung  des
Proteingehaltes in Gewebehomogenaten. Acta biol. med. germ.
34: 1441-1446, 1975.

36.

37.

38.

39.

40.

771

Popov, N., S. Schulzeck, W. Pohle and H. Matthies. Changes in
(®*H)-fucose incorporation into rat hippocampus after acquisition
of a brightness discrimination reaction. An electrophoretic
study. Neuroscience 5: 161-167, 1980.

Routtenberg, A., D. R. George, L. G. Davis and E. G.
Brunngraber. Memory consolidation and fucosylation of crude
synaptosomal glycoproteins resolved by gel electrophoresis: A
regional study. Behav. Biol. 12: 461-475, 1974,

Sturgess, J. M., E. Minaker, M. M. Mitranic and M. A. Mos-
carello. The incorporation of L-fucose into glycoproteins in the
Golgi apparatus of rat liver and in serum. Biochim. Biophys.
Acta 320: 123-132, 1973.

Waechter, C. J. and M. G. Scher. Biosynthesis of glycopro-
teins. In: Complex Carbohydrates of Nervous Tissue, edited by
R. U. Margolis and R. K. Margolis. New York and London:
Plenum Press, 1979, pp. 75-102.

Zatz, M. and S. H. Barondes. Fucose incorporation into glyco-
proteins of mouse brain. J. Neurochem. 17: 157-163, 1970.



