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Abstract

The efficiency and reliability of radioactive fucose as a specific labeéywords

for newly synthesized glycoproteins were investigated. Young adulglycoprotein
male rabbits were injected intravitreally wibi]-fucose, fH]-galac- -+ Fucose
tose, fH]-mannose, N-acetyRH]-glucosamine or N-acetyfiff]- - Radioautography
mannosamine, and killed 40 h after injection. In another series*gtecretion
experiments rabbits were injected with eittiéf]ffucose or several * Vireous body
was determined. Vitreous samples were also processed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
histological sections of retina, ciliary body and lens (the eye compo-

nents around the vitreous body) were processed for radioautography.

The specific activity (counts per minute per microgram of protein) of

the glycoproteins labeled witBH]-fucose was always much higher

than that of the proteins labeled with any of the other monosaccharides

or any of the amino acids. There was a good correlation between the

specific activity of the proteins labeled by any of the above precursors

and the density of the vitreous protein bands detected by fluorography.

This was also true for the silver grain density on the radioautographs

of the histological sections of retina, ciliary body and lens. The
contribution of radioautography (aftéi{]-fucose administration) to

the elucidation of the biogenesis of lysosomal and membrane glyco-

proteins and to the determination of the intracellular process of protein

secretion was reviewed. Radioactive fucose is the precursor of choice

for studying glycoprotein secretion because it is specific, efficient and

practical for this purpose.

Introduction pounds. Indeed the overwhelming majority
of plasma proteins (with the exception of
Glycoproteins are characterized by caralbumin) are glycoproteins. Some hormones
bohydrate side chains covalently bound t@r pro-hormones are glycoproteins: FSH, LH,
the polypeptide backbone (1,2). While theTSH and pro-ACTH/MSH in the pars distalis
polypeptide chains are unbranched polymersf the pituitary gland, pro-vasopressin in the
the carbohydrates form branched oligosadiypothalamo-neurohypophyseal system, thy-
charides and their variable types of bondsoglobulin, and others. All the antibodies
lead to the existence of humerous isomerand almost all lysosomal hydrolases are gly-
(3,4). Glycoproteins are ubiquitous com-coproteins, and other enzymes such as ribo-
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nuclease and some membrane-bound ont=ns. Thus, with the exception of glycogen
are also glycoproteins. Structural proteing&nd hyaluronic acid, all carbohydrate poly-
such as collagens and all the components ofers in the animal kingdom are linked to
the basement membrane are glycoproteingoteins, and, to a lesser extent, to lipids
(5). These compounds are also found i10,11).
exocrine secretion, the most common being The biosynthesis of glycoproteins has
the salivary mucins. Numerous glycopro-been the subject of several reviews (12-17)
teins have been characterized as integral corand will not be described here. The main
ponents of the plasma membrane where thgyurpose of the present study is to show the
play several roles (1,2). reliability, feasibility and convenience of the
The carbohydrate portion of glycopro-use of radioactive fucose for the investiga-
teins may account for as little as 1% or ations on glycoprotein synthesis and secre-
much as 80% or more of their moleculation.
weight (1,2). The functions of the sugars in Among the above mentioned nine sug-
glycoproteins are still controversial. In somears, sialic acid cannot be used as a precursor
cases, it is clear that they protect the moldsecause it does not penetrate the cells as
cule against the proteolytic action of someuch. Radioactive N-acetyl-mannosamine is
enzymes (this has been shown for ribonuhe precursor of choice for the studies on
cleases) while in other instances it is hard teialic acid incorporation into glycoproteins.
assign any specific role to the sugars (6-9)However, it shows a poor efficiency for high
Although numerous monosaccharidesesolution radioautography since it has been
(perhaps more than 200) have been charagemonstrated that a massive dose was re-
terized in nature, only nine of them wereguired to obtain a light reaction at short time
identified in glycoproteins (3,4): D-glucoseintervals after its intravenous injection (18).
(Glc), D-galactose (Gal), D-mannose (Man)The monosaccharides more often employed
L-fucose (Fuc), N-acetyl-D-glucosaminein radioautographic studies of glycoprotein
(GIcNAc), N-acetyl-D-galactosamine synthesis are fucose, galactose, N-acetyl-
(GalNAc), sialic acids (Sa), L-arabinoseglucosamine, mannose and N-acetyl-man-
(Ara) and D-xylose (XylI). nosamine. To our knowledge, there is no
The types of bonds between the ninetudy in which fH]-mannose was intrave-
monosaccharides and the twenty amino acously or intraperitoneally injected and the
ids involved in protein synthesis are alsdissues were then processed for radioautog-
limited to a few: GIcNAc-asparagine, raphy. A few investigations usingH]-man-
GalNAc-threonine (serine), Xyl-serine, Gal-nose were performed with tissues kept in
hydroxylysine and Ara-hydroxyproline areculture on Petri dishes (19,20).vivo stud-
the most prevalent (3). ies with PH]-galactose were carried out but
The arrangements of the monosacchatwas necessary to employ doses of the order
rides in the side chains may be quite variablef 125 uCi/g body weight to obtain some
but some almost invariable situations occuincorporation after its intravenous injection
For example, when the bond between th€1,22). The main disadvantage of mannose
oligosaccharide and the polypeptide chain iand galactose is their quick conversion into
GIcNAc-asparagine, mannose is invariabhglucose after systemic administration, as dem-
a component of the side chains. On the othenstrated by Leblond and co-workers at
hand, mannose is not present when the bomdicGill University. This does not happen so
is of the GalNAc-threonine type (serine).often with N-acetyl-glucosamine. Most of
Peculiar types of side chains cause protethe above sugars are not found free in the
glycans to be particular types of glycopro-body. Instead, they are conjugated with nucle-
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otides and this is a requirement for theiThe rabbits were killed 40 h after the
incorporation into glycoproteins because thantravitreal injections, and the vitreous body
enzymes performing this function recognizeof each eye was processed for electrophore-
the sugar only when it is conjugated with ais and fluorography, and the surrounding
specific nucleotide. Therefore, the incorpotissues such as retina and ciliary body were
ration of PH]-mannose, for example, could processed for radioautography. Each vitre-
be hampered not only by its conversion int@us sample used for electrophoresis and fluo-
glucose but also by the existence of a largegraphy contained 30 pg of protein. Other
pool of natural GDP-mannose. By the waysamples were used for radiometric measure-
endogenous GDP-mannose may be convertatents and the specific activity of the pro-
into GDP-fucose, by the action of epime+eins is reported as counts per minute (cpm)
rases, and this seems to be the only natunaér pug protein (30,31).

source of fucose for glycoproteins (23). How-  In another series of experiments the in-
ever, if exogenous fucose is injected int@orporation of {H]-fucose into vitreous pro-
animals it is first conjugated intracellularlyteins was compared to that observed for
to form fucose-1-phosphate (24) followedamino acids such asH]-proline, BH]-ty-

by conversion into GDP-fucose (25) androsine and a solution containing 15 different
finally, this nucleotide-sugar functions as eamino acids. The experimental design was
sugar donor in glycoprotein synthesis. Exogthe same as used for the above five sugars
enous fucose administered to animals is n¢82).

converted into other sugars or substances of In both series of experiments, the fluoro-
another nature but is recovered from thgraphs of the polyacrylamide gels and the
urine and feces in its original form. Only 2%radioautographs of duplicate gels containing
of injected fucose is converted into wateidentical vitreous samples were compared.
and carbon dioxide within 10 h of injection.For the fluorographic technique (33), the gel
Therefore, the sole fate ofH]-fucose in- is soaked in a solution containing diphenyl-
jected into animals is to be incorporated aexazole, a fluorochrome, and then placed in
such into newly synthesized glycoproteingontact with a film (e.g., Kodak X-OMAT-

(26-29). ARDS). For direct radioautography the dried
gel is pressed directly against an appropriate
Material and Methods film (e.g., Hyperfilm, Amersham, Bucking-

hamshire, England).

In order to evaluate the advantages of
[®H]-fucose over the other monosaccharideResults and Discussion
for the investigation of glycoprotein synthe-
sis, the following experiments were carried No radioactive bands were detected in
out. One of the following sugars was in-the lanes containing vitreous samples from
jected intravitreally into young adult malerabbits injected intravitreally with eithéH]-
rabbits: L-PH]-fucose, D-fH]-galactose, D- Man or fH]-Gal, even when the dose of each
[®H]-mannose, N-acetyl-D3¥f]-glucosamine sugar was 200 pCi/eye. A few bands show-
and N-acetyl-D-fH]-mannosamine. The ing very low activity were detected in eyes
bilateral intravitreal injections were carriedinjected with 200 uCi of N-acetyl-DH]-
out keeping the rabbits under general anesaannosamine, but no activity was observed
thesia with sodium thiopental, and each raat lower doses. Radioactive bands were con-
dioactive sugar was dispensed in 20 pl sapicuous in lanes corresponding to samples
line. The amount of injected radioactivity of the 200 uCi-H]-GIcNAc-injected eyes
was either 20 or 200 uCi/eye of each sugaand their intensities were comparable to,
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Figure 1 - Specific activity of rab-
bit vitreous glycoproteins 40 h
after intravitreal injection of 200
UCi of one of the following triti-
ated sugars: fucose (Fuc), N-
acetyl-glucosamine (GIcNAc), N-
acetyl-mannosamine (ManNAc),
galactose (Gal) or mannose
(Man). Data are reported as
means + SD for 5 determina-
tions.

Figure 2 - Specific activity of rab-
bit vitreous proteins 40 h after
intravitreal injection of [3H]-fu-
cose ([3H]-Fuc) (20 uCi), [3H]-pro-
line ([3H]-Pro) (100 or 20 pCi),
[3H]-tyrosine ([3H]-Tyr) (100 or 20
uCi) or a [3H]-amino acid mixture
([®H]-aa) (100 or 20 uCi). Data are
reported as means + SD for 5
determinations.
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although lighter than, the vitreous samplegeins following the 20-uCi dose was at least
of eyes injected with 20 uCi ofHl]-Fuc. In  twice as high as that verified for any amino
short, after the intravitreal injection of 20acid (Figure 2).
pCi of BH]-Fuc, 14 radioactive bands were  With very few exceptions, the labeled
detected in the fluorographs of the polybands detected in the fluorographs of the
acrylamide gels bearing samples of the vitrg=H]-fucose-labeled vitreous samples were
ous body. This was never matched by any @flso observed for the amino acid experi-
the other sugars used in similarly designethents. Of course, the labeling was much
experiments (Figure 1). lighter in the amino acid-injected eyes.
Labeling of the vitreous proteins was In general, a higher sensitivity was ob-
observed after the intravitreal injection ofserved for the fluorographs of the gels (33)
tritiated amino acids. The specific activity ofwhen compared to the corresponding radio-
the vitreous glycoproteins labeled after inautographs where no “enhancer” was inter-
jection of 20 uCijH]-Fuc was much higher posed between the film and the gel. How-
than that found after the same dose of any efver, the profiles of the bands showing very
the tritiated amino acids. The specific activhigh specific activities were not very well
ity of the BH]-tyrosine- or H]-proline-la- defined in the fluorographs. The same was
beled proteins was about 11 times loweobserved when long exposure times were
than that of the®H]-fucose-labeled glyco- employed.
proteins. Even when 100 uCi of each indi- There was a good correlation between
vidual amino acid or the amino acid mixturethe specific activity of the vitreous proteins
was used per eye, the specific activity oband the silver grain density of several tissues
tained for theJH]-fucose-labeled glycopro- located around the vitreous body, as revealed
by radioautography on semi-thin and paraf-
fin sections of the ciliary body, retina and

14,000 ﬁTr Fue lens.
g 12,000 %  GIcNAC The very high specific activities obtained
5 10,000+ / E ManNAc with [3H]-fucose-labeled glycoproteins when
o 8000 / o ca this precursor is administered to animials
< 6,000 / LS R ) ) .
% 4000 / vivo (intravenously or intraluminally) an
2:000_ / =4 vitro create very favorable conditions for
o W radioautographic (34) studies of these mac-
romolecular compounds, particularly those
related to the secretion or biogenesis of gly-
coproteins. Thus, radioautography helps
RS clarify the sites of synthesis and the intracel-
4,000 - B9 [H]-Pro 100 yCi lular pathway of glycoproteins destined for
% BH]-Pro 20 LCi lysosomes and the plasma membrane (12).
2000 | [BH]-Tyr 100 p_Ci For the latter, a study was performed involv-
£ [:H]-Tyr 20Ci ing about 50 different animal cell types (35).
s {3:]_‘:;80 EIC' The importance of this study was demon-
o 2,000 1 . strated by the numerous citations of this
E particular paper, as verified by the Institute
© 1000 | for Scientific Information (Current Contents,
Life Sciences, Vol. 32, No. 44, 1989). The
. contribution of radioautography to the clari-

fication of the role of the Golgi apparatus in
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protein secretion was of crucial importancel his latter point is also true for plasma pro-
and the experimental design became ledsins, as observed in our laboratory several
troublesome and more reliable with the availyears ago. When administered systemically,
ability of radioactive fucose (36-39). Thereradioactive fucose must be injected intrave-
are detailed studies using electron micronously and not intraperitoneally in order to
scopic radioautography to clarify the cellu-obtain a very high specific activity of this
lar process of glycoprotein secretion in somerecursor both in plasma and intracellularly.
particular cell types, such as the thyroidrucose is not converted to other sugars or
follicular cells (40), ameloblasts (41), odon-substances of another nature. Therefore, ra-
toblasts (42) and osteoblasts (43), the secrdioactive fucose is a very reliable and specif-
tory neurons of the supraoptic and paravene precursor for labeling newly synthesized
tricular nuclei (44), the acinar (45) and theglycoproteins. Due to the higher sensitivity
endocrine (46) cells of the pancreas, the lerdf radioautography over other histochemical
epithelium (47), the epithelial cells lining methods (PA-Schiff, lectins, etc.) for the
the granular ducts of the submandibulaidentification of carbohydrates (53), the ad-
glands (48) and the uterine tubes (49) of thministration of $H]-fucose followed by ra-
mouse, among others. All the above studiedioautography may be used as a tool for the
were performed usingH]-fucose for label- identification of glycoproteins in tissues
ing the newly synthesized glycoproteinswhere these compounds occur only in minute
Straightforward results can also be obtainedoncentrations. Finally, in the present study
using radioautography on semi-thin sections/e point out that important issues of cell
(50) and several studies using this techniquaology such as the biogenesis of lysosomal
have been undertaken to analyze cell secrand membrane glycoproteins as well as the
tion. Among these investigations, we shouldellular processes of protein secretion have
cite one that clearly contributed to tracingoeen unraveled in part with the use of radio-
the origin of the zona pellucida (51). Moreautography in association with the adminis-
recently this same technique providing tration of PH]-fucose.

high resolution and a minimum of artifaets

has been used in our research on the origin Atknowledgments

vitreous body glycoproteins (30,52).

In conclusion, radioactive fucose is the The data reported herein, particularly the
precursor of choice when experiments ominpublished ones, are the results of investi-
glycoprotein synthesis and secretion are derations carried out with Dr. Eduardo M.
signed. This hexose may not be used only ibaicine at the Departamento de Morfologia,
cases when it is known beforehand that theaculdade de Medicina de Ribeirdo Preto,
carbohydrate side chains of a particular glywith the collaboration of Rejane M. Goes
coprotein or a group of glycoproteins doesand R. Bertazolli-Filho (PhD students) and
not contain it. The specific activity of the the technical assistance of M.L. Orsi Mendes,
glycoproteins obtained witiH]-fucose ad- M.S. Alexandre Costa, V.M. Alves Correa,
ministration is much higher than that ob4M.D. Seabra Ferreira, J.A. Maulin and D.S.
served for other hexoses or any amino acidouza Filho.
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