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Structure of pentasaccharide of glycopeptide from TIME-EA4,
N-glycoprotein in silkworm diapause eggs
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Abstract—The TIME-EA4, from silkworm diapause eggs of pure strain C108, Bombyx mori, has glycosylated chain as tetrasac-
charide (Man2GlcNAc2) attaching to the Asn(22) of T3 peptide from tryptic digests. On the other hand, from Showa silkworm
strain we additionally observed a pentasaccharide (Man3GlcNAc2) on T3 at the same linkage site. The linkage pattern of the 5-sugar
chain was studied through Smith degradation combined with LC–MS and MS/MS analyses. These advanced methods led us to
conclude that the pentasaccharide was branching as Man 1fi 3(Man 1fi 6)Man 1fi 4GlcNAc 1fi 4GlcNAc.
� 2004 Elsevier Ltd. All rights reserved.
A glycoprotein, TIME-EA4, was isolated from silk-
worm diapause eggs, Bombyx mori, pure strain C108, as
a key to terminate embryonic diapause.1 It was known
to play an important role on protein conformational
change through the interaction with PIN peptides.2 The
amino acid sequence of TIME-EA4 was found to be
close to Superoxide dismutase except TIME-EA4 has
the glycosylated chain.3 In the biosynthesis of N-glyco-
sidic linkage in glycoprotein, the primary peptide
sequence requirements for oligosaccharyltransferase-
catalyzed glycosylation include a minimum Asn-Xaa-
Ser/Thr tripeptide recognition motif where Xaa can be
any of the 20 natural amino acids except proline.4;5 In
case of TIME-EA4, the glycosylated site has recently
been determined by enzymatic digestion with trypsin
and the resulting peptides were analyzed with LC-Q-
TOF-MS. Among the 14 tryptic peptides, the T3 peptide
from Gly(21) to Lys(32) was suggested to be N-glycan
having tetrasaccharide chain linking at Asn(22).6

On the other hand, we found that T3 from another
Showa silkworm strains have two kinds of sugar chains
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(2-3Manþ2GlcNAc); thus, tetra- and penta-saccharides.
However the linkage position and pattern of these sac-
charides on T3 were not exactly identified yet because of
only trace amount being available from the source gly-
coprotein. The general methods to determine the oli-
gosaccharide linkage pattern were reported by
Takahashi et al.7 They digested the glycoproteins by
glycopeptidase to release free oligosaccharides, which
were further modified into pyridylamino derivatives.
The structures of oligosaccharides were analyzed by
two-dimensional mapping technique (comparison with
authentic samples) with co-chromatography on an ODS
and an amide–silica column.8 This method was out-
standing but not applicable to the current work due to
the trace amount.

In this paper, we tried to establish an alternative, more
convenient and direct analytical method; thus, we
employed the Smith degradation9–12 and the tryptic
hydrolysates (without component separation) to deter-
mine the glycan structure. In a reversed phase LC
system, the hydrophobicity of these peptides is useful
to let them elute after the non-hydrophobic mass
and reasonably before the normal hydrophobic pep-
tides.

We found these glycopeptides were readily separable on
an ODS (0.3mm · 150mm) column with nano-LC sys-
tem as demonstrated on ribonuclease B as an example.13
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The tryptic peptide mixtures were directly injected to the
nano-LC system connected on-line to MS without any
flow splitting. LC-ESI-Q-TOF-MS and MS/MS is useful
to determine the glycosylated chain linkage pattern of
pentasaccharide on TIME-EA4, which is shown in
Figure 1.

Smith degradation includes two-step reactions; thus,
sodium metaperiodate oxidation and sodium borohy-
dride reduction. The terminal mannose (hexose) after
Smith degradation is cleaved at the C2–C3 and C3–C4
bonds at the same time and the fragmentation mass loss
is 134Da instead of intact mannose being 162Da.13 The
mass difference 28Da is corresponding to C1H0O1. On
the other hand, an internal mannose, which has substi-
tution at the position 2, is cleaved only at the C3–C4 and
leaves the mass loss of 164Da. The internal mannose,
which has substitution at the 3 position, has no cleavage
Figure 2. Ion Chromatograms and Mass Spectra of the T3-pentasaccharid

degradation. Condition: Column, Develosil ODS-HG-5 (0.3mm i.d. · 150mm

CH3CN, containing 0.025% TFA, flow rate, 5lL/min. (a) T3-pentasacchari

1100.49 (equivalent to MþH 2199.98) with retention time at 15.77min; (b

observed at m=z 1072.53 (equivalent to MþH 2144.06) with retention time a

Figure 1. Structure of pentasaccharide [MW 2198.97] attached to the

consensus sequence-containing peptide, T3 fragment from N-glyco-

protein (TIME-EA4) found in the silkworm diapause eggs.
and leaves the same value of 162Da. Among the high
mannose core structures of natural glycoproteins, only
the cases of substitution at the position 2 or 3 have been
reported so far.14 In order to determine the sugar chain
structure of TIME-EA4 from Showa, it was first treated
under Smith degradation condition, and secondly
hydrolyzed by trypsin. Any reverse operation (first
Trypsin and second Smith degradation) never provided
good results. The tetra- and penta-saccharides on T3
peptide were easily found at retention time about
16min, and only the latter (T3-pentasaccharide) being
shown in Figure 2a. The doubly charged ions were
selected as the respective precursor for the MS/MS,
which are illustrated in Figure 3.

As has already been established in our laboratory on
C108 silkworm strain,6 TIME-EA4 was digested by
trypsin to provide a mixture of 14 peptides (T1–T14).
The T3 was found to be a glycopeptide since it appeared
at m=z 1019.51 (MþH¼2038.02), which is plus
730.25Da (equivalent to tetrasaccharide) higher than
the value m=z 1307.77 MþH of the peptide, Gly-
Asn(22)-Ile-Thr-Phe-Thr-Gln-Val-Gln-Asp-Gly-Lys(32).
In case of Showa silkworm in Figure 2a, we have also
found the tetrasaccharide peak at 15.83min and newly
m=z 1100.49 (MþH¼2199.98) at 15.77min, which is
equivalent to pentasaccharide (plus 892.21Da). Both of
these glycopeptides T3-tetra- and T3-penta-saccharides
were proven to attach at the Asn(22) under the same
method as we have reported.6

The peptide mixtures from tryptic TIME-EA4 after the
Smith degradation operation were injected to LC-ESI-
MS and the glycopeptides again appeared at retention
time around 16min as illustrated in the ESI-MS spec-
e obtained from tryptic TIME-EA4 without (a) and with (b) Smith

, Nomura, Co. Ltd, Aichi, Japan), Gradient, linear from 0–100% H2O–

de without Smith degradation: The [Mþ2H]þþ ion is observed at m=z
) T3-pentasaccharide with Smith degradation: The [Mþ2H]þþ ion is

t 15.88min.



Figure 3.MS/MS spectrum of T3-pentasaccharide from tryptic TIME-EA4 (precursor, m=z ¼ 1100:63, cone voltage 40V, collision energy 35–51 eV).
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trum in Figure 2b. The corresponding MS spectrum
shows doubly charged ions of glycopeptide, T3-penta-
saccharide-derived ion at m=z 1072.53 (MþH¼2144.06)
with mass difference of 55.92Da (equivalent of C2H0O2)
compared with the one without Smith degradation. This
suggests that the pentasaccharide includes two terminal
mannoses at the nonreducing ends.

The MS/MS spectrum of the T3-pentasaccharide is
shown in Figure 3, when m=z 1100.63 [Mþ2H]þþ ion
was employed as the precursor. The plus 2 charge
fragment ions are found as m=z 1100.63, m=z 1019.51,
m=z 938.46, m=z 857.44, and m=z 755.91, corresponding
to the MþH of m=z 2200.26, m=z 2038.02, m=z 1875.92,
m=z 1713.88, and m=z 1510.82, respectively. The mass
differences are 162.24, 162.10, 162.04, and 203.06. In
addition, the plus 1 charge fragment ions are found at
m=z 1510.83 and m=z 1307.73 (T3-peptide), being the
Table 1. Assignment of MS/MS spectra of T3-pentasaccharide of tryptic TI

Fragment of T3-

pentasaccharide

Without Smith degradation precursor, m=z

MþH obs (cal) [Mþ2H]þþ obs Mass

T3þ2GlcNAcþ3Man (2200.25) 1100.63

T3þ2GlcNAcþ2Man (2038.02) 1019.51 162.2

T3þ2GlcNAcþMan (1875.92) 938.46 162.1

T3þ2GlcNAc (1713.88) 857.44 162.0

T3þGlcNAc 1510.83 (1510.82) 755.91 203.0

T3 1307.73 203.1

GlcNAcþ3Man 690.29

GlcNAcþ2Man 528.22 162.0

GlcNAcþMan 366.15 162.0

GlcNAc 204.07 162.0
mass difference of 203.10. The sugar fragmentation
pattern is also followed from the values of m=z 690.29,
m=z 528.22, m=z 366.15, and m=z 204.07 (GlcNAcþH),
with the mass difference of 162.07, 162.07, and 162.08,
corresponding to three mannoses. These data are tabu-
lated in Table 1, concluding that the T3 peptide is
linking to Man3GlcNAc2. The last question is the link-
age pattern of the mannoses.

A series operations were processed with the sample of
TIME-EA4 firstly by Smith degradation, secondly by
trypsin digestion and finally LC–MS/MS measurements
from m=z 1072.55 as precursor ion. The spectrum is
indicated in Figure 4, wherein the assignments are
drawn with arrows and captions. Almost all of the peaks
in Figures 3 and 4 are identical, while only the precursor
ion m=z 1072.55, and the fragment ions m=z 1005.54 and
m=z 500.23 are different so that the mass difference can
ME-EA4 without and with Smith degradation

¼ 1100:63 With Smith degradation precursor, m=z ¼ 1072:55

difference MþH obs (cal) [Mþ2H]þþ obs Mass difference

(2144.10) 1072.55

4 (2010.08) 1005.54 134.02

0 (1876.02) 938.51 134.06

4 (1713.96) 857.48 162.06

6 1510.88 (1510.86) 755.93 203.10

0 1307.77 (1307.76) 654.38 203.11

634.24

7 500.23 134.01

7 366.15 134.08

8 204.07 162.08



Figure 4.MS/MS spectrum of T3-(ox/rd)pentasaccharide from tryptic TIME-EA4 (precursor, m=z ¼ 1072:55, cone voltage 40V, collision energy 35–

51 eV).
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be comparable as follows: thus, the series of fragment
ions [m=z 1100.63, m=z 1019.51, m=z 938.46] in Figure 3
correspond to [m=z 1072.55, m=z 1005.54, m=z 938.51] in
Figure 4, respectively, leaving the difference mass of
134.02 and 134.06. This suggests the two terminal
mannoses, in fact, lost 28Da from the parent mass,
respectively. The reason why no change of the peaks m=z
938 and 857 before and after the Smith degradation
depends on the linkage position of the internal mannose
should be at the 3 position, but not at either 2 or 4
position. Incidentally, the fragment doubly charged ion
at m=z 959.52 is assigned to be a loss of glycerin
(92.05Da) from m=z 1005.54. Thus, the structure of T3-
pentasaccharide must have the structure as (a) in Figure
5.

The structures of T3-pentasaccharide are proposed as
the four possible linkage patterns as shown in Figure 5;
structure a, internal Man has substitution at the 3 and 6
positions (branched chain), structure b, internal Man
has substitution at the 2 and 6 positions (branched
chain), structure c, 2 internal Man’s have substitution at
2 position (linear chain) and structure d, one internal
Man has substitution at the 2 position and the other
internal Man has substitution at the 3 position (linear
chain).

The fragments from MS/MS spectra of glycopeptide,
T3-pentasaccharide from tryptic TIME-EA4, without
and with Smith degradation, are summarized in Table 1.
The inner Man, which connect to GlcNAc was not
modified after Smith degradation, so this Man and 2
GlcNAc’s act as the core structure in the pentasacchar-
ide. The linkage pattern of sugar chains on TIME-EA4
can be distinguished by Smith degradation due to the
changes of mass values from MS/MS spectra of the
glycopeptide (without and with Smith degradation).

This can be doubly confirmed among all four possible
structures, which are commonly found in nature as part
of the high mannose type N-linked glycoprotein. Each
of the structure can be differentiated from two major
points of the mass differences; thus, (i) the inner man-
nose shows either 162Da (substituent at the 3 position)
or 164Da (substituent either at the 2 or 4 position), (ii)
the number(s) of terminal mannose(s) is (are) countable
from the numbers of 134 mass loss. We described herein
a detailed analysis of glycosylated chain on TIME-EA4
by Smith degradation method combined with LC-ESI-
MS and MS/MS. This method was successful to deter-
mine the 5 sugar chain structure on this glycoprotein to
have the branched chain. Although no data have been
shown in this paper because of the space, the T3-tetra-
saccharide of TIME-EA4 has the structure without the
mannose linking with 1fi 6 (Fig. 1). The details will be
reported elsewhere with additional data from C108
strain. These molecular varieties might be affecting the
time control during the diapause termination, and the
details are to be reported in due course. The current
methodology is of powerful tool for the trace analysis,
but not all mighty since the information is simply
obtained by the numbers of ion masses. The disadvan-
tage would be covered by other methods, so that the big
analytical application would expand to the glycan
structure of the glycoprotein obtainable in only trace
amount from natural sources.



Figure 5. The four possible structures and MS/MS fragmentation of T3-pentasaccharide (T3þ2GlcNAcþ3Man) from tryptic TIME-EA4 with Smith

degradation.
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