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Increased elongation of N-acetyllactosamine repeats
In doubly glycosylated lysozyme with a particular
spacing of the glycosylation sites
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Lysozyme is an example of an extensively studied secretory enzyme. Glycosylated mutant human lysozyme has been used

as a model in studies on the biosynthesis of

N-acetyllactosamine repeats in

N-linked oligosaccharides. We examined the

biosynthesis of the repeats in two doubly glycosylated mutants and describe here a rapid purification and separation of
singly and doubly glycosylated molecules. In one of the mutants, the elongation of the repeats is enhanced if the molecules
are doubly glycosylated, but not if the carbohydrate is attached to either site individually. This enhancement is not seen in
the other doubly glycosylated mutant. Since lysozyme is not structurally related to glycoproteins bearing carbohydrate with
N-acetyllactosamine repeats, we propose that in multivalent substrates the synthesis of the repeats can be promoted by a
proper spacing of the elongated carbohydrate antennae in addition to any role of the protein backbone.
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Abbreviations:

CHO, chinese hamster ovary; dL, lysozyme bearing two complex oligosaccharides; e

B, endo-p-galactosi-

dase; F2, endo-p-N-acetylglucosaminidase F2; GPF, glycopeptidase F; mL lysozyme bearing mannose-rich oligosaccha-

rides; L, lysozyme; L, lysozyme bearing one or two possibly fucosylated

bearing one complex oligosaccharide.

Introduction

It has been established that elongated N-acetyllactosamine
repeats and their derivatives, such as the sialylated Lewis*
substance, play an important role in molecular and cellular
recognitions [1-6]. Binding by selectins of sialylated Lewis*
and similar ligands initiates the attachment to and the roll-
ing of white blood cells along the endothelial surface and
probably also of certain metastasing tumor cells. Patel et al.
have shown that among P-selectin homologues those with
a high number of the internal homology provide a particu-
larly high attachment activity [7]. Similarly, the length of
the oligosaccharides in the ligands of selectin is likely to
increase the chance of the intercellular attachment. Al-
though the length of N-acetyllactosamine repeats is of a
significant biological importance, little is known about the
regulation of their synthesis and length. Nevertheless, the
issue has been addressed in several reports. Briefly, the
repeats occur in various glycoconjugates such as proteogly-
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N-acetylglucosamine residues; sL, lysozyme

cans (keratan sulfate), glycoproteins, and glycosphin-
golipids as constituents of blood group substances [8] and
of tumor-associated markers [9, 10]. Their synthesis de-
pends on development and differentiation of cells. In O-
linked oligosaccharides, N-acetyllactosamine repeats are
associated with the core 2 structure [11]. The elongation of
the repeats correlates with the synthesis of the -1,6-linked
branches and antennae [12, 13]. The length of the repeats
also reflects the retention time of the glycoconjugates in
the Golgi compartment, where the elongation takes place
[14]. In cells examined so far, B-galactosyl transferase is
present in an excess. Therefore, the elongation is enhanced
when the activity of the B-1,3-N-acetylglucosaminyl trans-
ferase “i” is increased [15-17]. It may be speculated that
proteins bearing N-acetyllactosamine repeats are endowed
with structures directing the elongation of the repeats . In
the primary structure of the lysosomal membrane proteins
lamp-1 and lamp-2, the repeats are restricted to two groups
among the 16 N-linked carbohydrate side chains present
[18]. However, nothing is known about the signals respon-
sible for this pattern of glycosylation. We have reported
that in glycosylated mutants of human lysozyme N-acetyl-
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lactosamine repeats are found when expressed in Chinese
hamster ovary (CHO) cells [19]. Further, we have shown
that in glycosylated lysozyme the repeats are present
nearly exclusively in biantennary complex oligosaccharides
[20] and that the elongation pattern is similar in oligosac-
charides attached to either residue 22 or 68 [19]. The pre-
sent communication describes a novel mutation in human
lysozyme that generates a glycosylation site at residue 49
and the occurrence of double glycosylations at residues 22
plus 49 and 49 plus 68. In the latter mutant, the elongation
of N-acetyllactosamine repeats is more extensive than in
the former. Interestingly, in lysozyme mutants bearing any
of the three mutations separately, the elongation is rather
sparse, and oligosaccharides without repeats represent the
most prominent species. In contrast, in a mutant bearing
the carbohydrate at residues 49 plus 68, the elongated oli-
gosaccharides are the prevailing species. We hypothesize
that the synthesis of the repeats is stimulated by a particu-
lar steric presentation of closely spaced oligosaccharide
side chains.

Materials and methods
Cells and culturing

Wild type and Lec2 mutant CHO cells [21] were obtained
from the American Type Culture collection (ATCC CCL61
and ATCC CRL1736, respectively). The cells were grown
in o-minimum essential medium (Life Technologies, Eg-
genstein) supplemented with 10% (v/v) fetal bovine serum
(Sigma Chemie, Deisenhofen), penicillin (100 U/ml) and
streptomycin (100 pg/ml).

Modeling, mutagenesis, and plasmids

The design of mutations introducing glycosylation signals
into the amino acis sequence of human lysozyme was sup-
ported by molecular modeling. This was based on the crys-
tal structure of human lysozyme [22] and used the program
Whatif, which was provided by Dr. G. Vriend, EMBL,
Heidelberg. We examined three mutants of human
lysozyme with single N-glycosylation signals and two mu-
tants with two glycosylation signals each using the eu-
caryotic expression vector pBEHpacl8 [19]. The
preparations of mutant I with the replacement G22N and
of mutant II with replacements G68N/P71S have been de-
scribed previously [19]. Mutant IV (D49N) was prepared
by site directed mutagenesis [23], using the oligonucleotide
5'-CAGTGGTTCTGTTTCCAGCATTGTA. Mutants
I/TV and II/TV contained the corresponding combination of
the glycosylation signals. Mutant II/IV ¢cDNA was sub-
jected to further mutagenesis to enhance the rate of the
glycosylation by substituting a threonine for the serine resi-
due [24] in the glycosylation sequon at site I'V. This muta-
tion was referred to as II/IVT. It was introduced into the
II/TV mutant by primer-mediated mutagenesis [25, 26].
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Briefly, the downstream portion of the cDNA was ampli-
fied using the mutagenesis primer 5'-GCTGGAAACA-
GAACCACTGATTATGG (the mutation is indicated by
the bold character) and a vector primer 5'-
CTGCATTCTAGTTGTGGTTTGTCC. The upstream
portion was amplified with the primers 5'-CCATAAT-
CAGTGGTTCTGTTTCCAGC and 5'-GCTCCTCGAG-
GAACTGGAAAACCAG. The primers shown without
bold characters corresponded to vector sequences and
were also used in the final amplification. In five inde-
pendent mutant clones, the expected sequence was con-
firmed by the fluorescent dideoxy chain termination
method using an ABI377 DNA sequencer (Pharmacia,
Freiburg) . One of the examined mutant II/IVT cDNAs
was cloned into the EcoRI site of plasmid pMCI. This
plasmid was derived from plasmid pBEHpacl8 by one of
us (R.M., unpublished). Briefly, the plasmid was altered by
replacing its SV40 promoter with a cytomegalovirus pro-
moter and inserting an intron from vector pMT2 [27] be-
tween the multiple cloning site and the polyadenylation
signal.

Transfection and expression

Subconfluent cultures of CHO cells grown in 25 cm? flasks
were transfected with vectors encoding mutant lysozyme
cDNAs. The cells were transfected by lipofection using the
method of Felgner et al. [28], as modified in the manual of
Life Technologies (Eggenstein), with 7.5 ug circular DNA
per 2.5 X 105 cells. After a selection of the transfected cells
with puromycine (14 pug/ml), stable transfectants were iso-
lated and examined for the secretion of lysozyme activity
using the lysoplate method [29].

Characterization of glycosylated lysozyme forms

CHO cells expressing lysozyme were metabolically labeled
with a mixture of radioactive methionine and cysteine
(Tran*S-label from ICN Biomedicals, Eschwege, specific
activity 40 GBg/mmol). The cells were labeled for 18 h with
4 MBq in 3.4 cm diameter dishes. Labeled lysozyme was
isolated by immunoprecipitation, separated by size in SDS-
PAGE [30] and visualized by fluorography as described
previously [20, 31]. For quantitative purposes, the radioac-
tivity was detected by phosphor imaging Molecular Dy-
namics, Krefeld). Nonradioactive lysozyme was isolated
from spent culture medium of a clone (referred to as 2A6)
expressing the mutant II/IVT. In an immunoaffinity step,
lysozyme was bound to a column with an immobilized rab-
bit polyclonal anti-human lysozyme antibody. The antibody
itself was isolated from the antiserum with immobilized
human lysozyme. The immobilization was performed with
cyanogen bromide-activated Sepharose 4B-CL (Pharma-
cia). The bound proteins were eluted with 2 M MgCl,.
Lysozyme was enriched by FPLC chromatography using a
hydroxylapatite column (CHT2-I, BioRad, Miinchen). At
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this step, lysozyme bearing distinct numbers of carbohy-
drate side chains was separated into different fractions. The
carbohydrate was examined for sensitivity to glycopepti-
dase F, endo-glycosidase F2, and endo-B-galactosidase [20].
After a separation in SDS-PAGE the nonradioactive pro-
tein bands were visualized by silver staining [32].

Results and discussion
Choice of the glycosylation sites

Several signals for glycosylation were introduced into the
cDNA of human lysozyme. To achieve this goal with a
minimum of structural disturbance, the signals were intro-
duced in loops or extended chain regions at the surface of
the molecule as shown in Figure 1. Mutants I and II were
described previously [19]. Near the C-terminus, the lyso-
zyme molecule contains an extended stretch of residues
that appears suitable to accommodate a glycosylation sig-
nal. However, the use of a site that has been created by
the substitution D120S is negligible [19]. It is probable that
the terminal portion of the molecule is subject to a rapid
folding that precludes the glycosylation. To avoid similar
problems, a glycosylation signal was introduced at another
position that was homologous to the carbohydrate attach-
ment site in B-lactoglobulin [33]. This was achieved by the
substitution D49N and resulted in mutant IV. Similar to
the previously prepared mutants I (G22N) and II
(G68N/P71S) [19], mutant IV (D49N) was enzymatically
active (not shown). The mutations were unlikely to affect
grossly the structure of the protein, since neither the ex-
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Figure 1. Model of human lysozyme indicating the positions of the
glycosylation sites I, Il, and IV. A ribbon structure is shown with the
glycosylation sites indicated by the side chains of the accepting
asparagine residues.
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port of the mutant proteins from the endoplasmic reticu-
lum nor their reactivities with antilysozyme antibody were
impaired.

Comparisons between singly glycosylated lysozyme
mutants

In two clones of CHO cells expressing the novel mutant
IV biosynthesis and glycosylation were examined (Figure
2). Densitometric scanning of the secreted protein indi-
cated a fractional glycosylation of approximately 0.2.

As can be judged from the pattern of radioactive bands
shown in Figure 2, the carbohydrate processing in mutant ['V
was similar to that of the previously described mutants. In
SDS-PAGE of metabolically labeled lysozyme mutants, the
fastest band migrated like the nonglycosylated species (la-
beled L in Figure 2). A faint band (labeled mL) that mi-
grated behind the L form has been shown previously to bear
a mannose-rich oligosaccharide. A group of “slower” (sL)
bands behaved like molecules with biantennary oligosac-
charides without or with one or more N-acetyllactosamine
repeats. This was concluded from the previous studies of
mutants I and II [19, 20]. In mutants II and IV, the relative
rate of the glycosylation was similar to each other. In both
mutants,in several experiments the rate was estimated to be
about three times less than in mutant I. In contrast to bands
L and sL, the relative intensity of band mL in different
mutants varied rather inconsistently between the experi-
ments. In all three singly glycosylated mutants, within the sL
group of the bands the fastest represented the major glyco-
sylated species. The species with an increasing number of
repeats were progressively less represented.

Synthesis of elongated oligosaccharides in doubly
glycosylated lysozyme mutants

In the doubly glycosylated mutant I/I'V, an additional group
of glycosylated forms (dL) was observed that appeared to
represent molecules bearing two complex oligosaccharides
of various length. The abundance of the bands in the two
groups was compatible with an independent glycosylation.
It corresponded roughly to the product of the fractional gly-
cosylation at the sites involved. In both groups, the fastest
band showed the highest abundance. These bands contained
biantennary oligosaccharides without N-acetyllactosamine
repeats as judged from their sensitivity to endo-N-acetylglu-
cosaminidase F2 and resistance to endo-f-galactosidase (an
example will be shown below). Biantennary oligosaccha-
rides containing N-acetyllactosamine repeats have been
demonstrated in red cells [34]. In contributions from several
laboratories, it has been established that the linkage region
in asparagine-linked keratan sulfates from different species
is represented by biantennary oligosaccharides [35].
Doubly glycosylated lysozyme was synthesized also in
cells expressing lysozyme mutant II/IV (Figure 2).Its appar-
ent size and a lower abundance of the “fastest” species



990 Melcher et al.
v v v
-y |
dL =30
o[@ a2
mL - —-— e -
D el
-12.3
Figure 2. Glycosylation of lysozyme bearing glycosylation sequons at sites |, Il, or IV or their combinations I/IV and II/IV. The mutations were

expressed in CHO cells after selecting stable transfectants with the vector pBEHpacl18. The cells were subjected to metabolic labelling with
Tran35S-label. The medium was collected after a 16 h labeling. Lysozyme was isolated by immunoprecipitation, and the different glycosylation forms
were separated by SDS-PAGE and visualized by fluorography. Lysozyme forms bearing two complex oligosaccharides (dL), one complex oligosac-
charide (sL), one mannose-rich oligosaccharide (mL), or no oligosaccharide (L) are indicated. Molecules bearing the complex oligosaccharides are
heterogenous by size due to a varied content of N-acetyllactosamine repeats (see the explanation in the text).

within the doubly glycosylated group, that is, without the
repeats, strikingly differed from those of the doubly glycosy-
lated form of mutant I/IV. The low abundance of the doubly
glycosylated forms indicated an independent glycosylation
at the two sites. Attempts to obtain clones with a better
expression failed. To obtain a higher expression of the dou-
bly glycosylated species, the cDNA of the II/IV mutant was
subject to an additional mutagenesis. In the mutant II/IVT,
the serine codon within the glycosylation site IV was re-
placed by a threonine codon (S51T). In Figure 3, it is shown
that this mutation strongly enhanced the chance of glycosy-
lation of the mutant protein in CHO cells. This observation
confirms the report by Kasturi et al. [24] on sequon NXT
being glycosylated at a higher rate than sequon NXS. Corre-
spondingly, the group of doubly glycosylated lysozyme
forms could be better characterized in this mutant.

We have reported that in Lec2 CHO cells that are defi-
cient in sialylation of the oligosaccharides in glycosylated
lysozyme longer repeats are synthesized than in normal
CHO cells [20]. It was of interest, therefore, to see if the
elongation can be manifested in the doubly glycosylated
molecules. The repeats were longer in molecules bearing
single oligosaccharide side chains. Unexpectedly, the yield
of the doubly glycosylated molecules was strongly de-
creased in Lec2 as compared with normal CHO cells. This
precluded an accurate estimation of the elongation. The
sialylation defect may have changed the yield or the secre-
tion of the doubly glycosylated lysozyme.

Isolation of singly and doubly glycosylated
lysozyme and characterization of lactosamine
repeats in these glycoproteins

To further characterize the doubly glycosylated forms of
lysozyme II/IVT, the corresponding cDNA was cloned into
a vector with a high rate of protein expression in CHO cells.
With vector pMCI that contained the cDNA of lysozyme
II/TVT, several clones were obtained that expressed both
singly and doubly glycosylated lysozyme at a rather high
rate. The metabolic labeling of the glycosylated forms in
the selected clones is demonstrated in Figure 4. This experi-
ment showed that the synthesis of carbohydrate-rich forms
of the doubly glycosylated lysozyme characteristic for mu-
tants I/IV and I/IVT was observed at a high rate of ex-
pression using vector pMCI also.

Using plasmid pMCI, sufficient material was obtained in
culture flasks for a structural characterization of the recom-
binant protein without radioactive labeling of the cells. The
protein was separated in SDS-PAGE and visualized by sil-
ver staining. Singly and doubly glycosylated forms of
lysozyme II/IVT were enriched from the spent medium of
transfected CHO cells by immune affinity chromatography.
A separation of these forms was achieved using hydroxyla-
patite column chromatography. In Figure 5, a silver stained
gel with the proteins that have been eluted from the column
is shown. Most of the singly glycosylated lysozyme was con-
centrated in fraction 13. In fractions 9-11, the doubly glyco-
sylated forms were found such that the species containing



Increased elongation of N-acetyllactosamine repeats

1FIAY

991

IWIvT

WT LecZ

WT Lec2

|1A3 |B4 2C2 2A6

2 1 (kDa)

——
-12.3

Figure 3. Enhanced glycosylation in lysozyme mutant IlI/IVT with threonine in the glycosylation sequon at site IV and low efficiency of double
glycosylation in both 1I/1V and II/IVT mutants in the absence of sialylation in CHO cells. Stable expression of the mutants was examined in Lec 2 and
wild type (WT) CHO cells. The labeling and the analysis of secreted lysozyme was performed as described in the legend of Figure 2 where the
symbols referring to various lysozyme forms are also explained. Several independent clones of mutant II/IV were isolated, and two of them were

characterized as indicated by numbers above the lanes.

the highest number of N-acetyllactosamine repeats eluted
earlier, and the form considered to contain oligosaccharides
without repeats was rather enriched in fraction 11. Thus, the
more carbohydrate is attached to lysozyme, the earlier it is
eluted from the hydroxylapatite column.

The fractions separated in the hydroxylapatite column
chromatography were of sufficient purity to confirm the
presence of one and two oligosaccharides in the two groups

2B3 2B5

of glycosylated lysozyme species. These groups appeared as
ladders of bands in SDS-PAGE and to demonstrate the
presence of N-acetyllactosamine repeats in both the singly
and doubly glycosylated forms. Deglycosylation with gly-
copeptidase F resulted in a band that migrated like normal
lysozyme (Figure 6). Treatment of either form with endo-
glycosidase F2 resulted in a large reduction in the apparent
size. The products of both reactions appeared to be slightly

2A6

Da)

- ERERERES -1, 4

Figure 4. High efficiency of the metabolic labeling of lysozyme mutant Il/IVT in CHO cells stably transfected with the vector pMCI. The labeling of
each transfectant (indicated by numbers above the lane s) was performed in two dishes in parallel. The symbols referring to the varried forms of
lysozyme are explained in the legend of Figure 2.
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Figure 5. Separation of the different glycosylation forms of lysozyme
I/IVT in a hydroxyl apatite column. Aliquots of fractions eluted with
increasing concentrations of sodium phosphate were analyzed by SDS-
PAGE and stained by the AgNO3 method. The symbols referring to the
varried forms of lysozyme are explained in the legend of Figure 2.

larger than normal human lysozyme, as expected after an
endoglycosidic cleavage of the di-N-acetylchitobiose unit.
Treatment with endo-B-gal actosidase of both the singly
and the doubly glycosylated lysozyme resulted in a diges-
tion of all except for the fastest band in the respective
group. A separate control showed that the double band that
was seen in the digested samples (Figure 6, lanes 2 and 6)

Fraction 9 Fraction 13
F2 el - GPF F2 el -

‘ﬁlﬂ-! 3

Lﬂ;.__-‘;_-144
Ly 2 3 4 5 8 7

Figure 6. Characterization of singly and doubly glycosylated lysozyme
using endo-glycosidase F2, endo-B-galactosidase and glycopeptidase F
(GPF). GPF is an amidohydrolase and forms a fully deglycosylated
deamido lysozyme (L). Endo-glycosidase F2 (F2) cleaves the outer
oligosaccharide off the asparagine-bound N-acetylglucosamine. The ap-
parent similarity of the products of hydrolysis of singly and doubly
glycosylated lysozyme forms (fractions 13 and 9, respectively) may be
due to a resolution limit of the separation method. Cleavage of the singly
and doubly glycosylated lysozyme forms with endo-B-galactosidase (ef3
results in insufficiently resolved bands of lysozyme bearing intact
nonelongated biantennary oligosaccharides or oligosaccharides missing
galactose and the peripheral carbohydrate residues if the parental struc-
tures contained N-acetyllactosamine repeats. The positions of the bands
corresponding to the enzymes used in the digestion are indicated (E).
The products were visualized by silver staining of the gel.
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at approximately 30 kDa was due to the digesting enzyme.
After the treatment of the singly glycosylated lysozyme
I/IVT (lane 6), the band corresponding to lysozyme bear-
ing a single oligosaccharide without N-acetyllactosamine
repeats became more prominent at the expense of the ap-
parently larger forms of lysozyme in the untreated fraction
13 (lane 7). In the treated sample (lane 6), an additional
band was detected that resembled a doubly glycosylated
lysozyme lacking the repeats. Probably, this band origined
from a small amount of doubly glycosylated lysozyme bear-
ing various numbers of the repeats that might have accom-
panied the singly glycosylated lysozyme in fraction 13. The
doubly glycosylated lysozyme in fraction 9 was converted
to a prominent band without N-acetyllactosamine repeats,
resembling the fastest band among the forms bearing two
oligosaccharides. Using immunoprecipitates from radioac-
tively labeled cells, we have confirmed the finding that in
both singly and doubly glycosylated lysozyme the appar-
ently larger forms were degraded by endo--galactosidase
and that a great majority of the glycosylated lysozyme
forms were sensitive to endo-glycosidase F2 (not shown).
Thus, the increase in the apparent size of the doubly glyco-
sylated lysozyme forms in mutant II/IVT is explained by an
elongation of N-acetyllactosamine repeats in biantennary
rather than synthesis of triantennary oligosaccharides.

Possible role of the spacing of the oligosaccharides
in doubly glycosylated lysozyme mutants

In earlier studies, it has been shown that in various glyco-
proteins in complex oligosaccharides N-acetyllactosamine
repeats are preferentially added to B-1,6-linked antennae
[12,13]. An increased synthesis of the corresponding trian-
tennary oligosaccharides has been observed in tumor cells
and was associated with an increase in the elongation of the
repeats [12]. It is possible that in the doubly glycosylated
lysozyme mutant II/IVT the elongation of the repeats is
promoted if its two oligosaccharides are closely spaced and
mimic a triantennary oligosaccharide.

Owing to the relatively high activity of B-galactosyl trans-
ferase, most of the nonreducing termini of the antenna bear
galactose residues, unless the elongation is terminated by
sialylation. Indeed, in transfected Lec2 CHO cells, in which
the sialylation is impaired, the oligosaccharides in glycosy-
lated lysozyme bear B-galactosyl residues at their termini
[20]. Therefore, doubly glycosylated lysozyme might be con-
sidered as a bivalent substrate of the elongating -N-acetyl-
glucosaminyl transferase “i” or alike. The enzyme could
glycosylate the termini of two oligosaccharides at an in-
creased efficiency if it had more than one active site,and the
oligosaccharide acceptors were properly spaced on the sur-
face of the substrate. Alternatively, a transferase with one
catalytic center could bind successively to the termini of the
bivalent substrate with a high probability if they were prop-
erly spaced. Recently, the primary structure of the human
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elongating enzyme has been deduced from cloned cDNA
[36]. Further characterization of the enzyme might help to
decide which hypothesis is more likely.

To consider possible differences in spacing of the oli-
gosaccharides on the surface of the doubly glycosylated mu-
tants, the molecules were modeled according to the known
crystal structure of human lysozyme [22]. The models reveal
that there is a considerable difference in the distance be-
tween the glycosylated residues in the two doubly glycosy-
lated mutants (Figure 1). The direct distance between the
a-C atoms of the glycosylated residues 49 and 68 in the
available crystal structure is 14.2 A. The direct distance be-
tween a-C atoms of residues 22 and 49 is 31.3 A. It is obvious
that the modeling comes short of showing the orientation of
the oligosaccharides. Further studies are needed to deter-
mine whether the shorter distance of the glycosylated
asparagines as observed between residues 49 and 68 is im-
portant for the elongation of the repeats in other substrates.
In lysosomal membrane glycoproteins lamp-1 and lamp-2
that bear 18 and 16 oligosaccharides, respectively, N-acetyl-
lactosamine repeats are restricted to a few oligosaccharides
that are attached to distinct sites [18]. It had been speculated
that a distinct apposition of the oligosaccharides may be
crucial for their elongation [18]. This was based on the fact
that lamp proteins do not contain a common amino acid
sequence motif adjacent to the attachment sites of the elon-
gated oligosaccharides. This consideration could not ex-
clude the existence of a signal at a higher level of protein
structure. The structure of lysozyme is not related to that of
lamp proteins. Therefore, the lysozyme model of the synthe-
sis and elongation of N-acetyllactosamine repeats provides
an experimental basis for the suggestion that the synthesis of
lactosamine repeats is directed by the carbohydrate moiety
of the substrate glycoprotein. In the future, desialylated
forms of the substrates of the elongating enzyme such as
lamp-1,lamp-2,and mutant lysozyme might be available for
a study of the elongation in vitro.
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