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Improved sensitivity for insulin in matrix-assisted laser
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This report describes an enhancement of the signal intensities of proteins and peptides in matrix-
assisted laser desorptionfionization time-of-flight mass spectrometry {MALDI-TOFMS). When
a-cyano-4-hydroxycinnamic acid (CHCA) premixed with human transferrin (Tf) was used as a
matrix, the signal intensity of insulin was amplified to more than ten times that of the respective
control in CHCA without Tf. The detection limit of insulin was 0.39 fmol on-probe in the presence
of Tf, while it was 6.3 fmol in the absence of Tf. The signal intensity of insulin was also enhanced
when the CHCA matrix was premixed with proteins other than Tf (80 kDa), such as horse ferritin
(20kDa), bovine serum albumin {BSA, 66kDa), or human immunoglobulin G (150kDa). The
optimum spectrum of insulin was obtained when the added amount of protein was in the range
0.26-0.62 pmol, regardless of the molecular weight of the added protein. Tf and BSA outperformed
the other tested proteins, as determined by improvements in the resulting spectra. When the mass
spectra of several peptides and proteins were recorded in the presence of Tf or BSA, the signal
intensities of large peptides such as glucagon were enhanced, though those of smaller peptides
were not enhanced. In addition, the signal enhancement achieved with Tf and BSA was more
pronounced for the proteins, including cytochrome C, than for the large peptides. This enhance-
ment effect could be applied to improve the sensitivity of MALDI-TOFMS to large peptides and

proteins. Copyright © 2004 John Wiley & Sons, Ltd.

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOFMS) and electrospray ioni-
zation mass spectrometry have been widely used in studies
of protein chemistry, including proteomics shidies aimed at
sequence identification or quantitative analyses following
enzymatic digestion by isotope-coded affinity tags and other
tagging systems.'"® In particular, MALDI-TOFMS has been
used for the qualitative and quantitative analysis of intact
proteins.”~'* When the MALDI technique was first intro-
duced as an ionization method for proteins, a mixture of
fine metal powder and glycerol, or nicotinic acid, was used
as the matrix.'*'? Progress has been made with other matrix
materials such as sinapinic acid, 2,5-dihydroxybenzoic acid
(DHB), and a-cyano 4-hydroxycinnamic acid (CHCA), which
have some desirable properties such as less intense adduct
peaks and a relative insensitivity to contamination.'*'®
With the MALDI approach, analyte proteins are dispersed
onasurfacein a thin layer of matrix. The energy of an incident

*Correspondence to: T. Kobayashi, Division of Biological Chem-
istry and Biologicals, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokye 158-8501, Japan.

E-mail: kobayash@nihs.go.ji"

Contract/grant sponsot: Ministry of Health, Labor and
Welfare, Japan.

pulse of laser photons is absorbed by the matrix to form a jet
of matrix vapor thatlifts the analyte proteins from the surface
and transforms some of them into ions.™

However, the mechanisms by which laser light irradiation
is able to generate macromolecular ions have not been fully
verified to date. It has been reported that the ionization of
macromolecules by the MALDI process is affected by several
factors. For example, peptide signal intensity was increased
by the use of acetone as the solvent for CHCA matrix instead
of employing the commonly used solvent, a mixture of
acetonitrile and aqueous 0.1% trifluoroacetic acid (TFA). 17
The signal-to-noise (5/N) ratios for macromwolecules are low
in DHB matrix, but the addition of suitable additives
{fructose, glucose, fucose, or 2-hydroxy-5-methoxybenzoic
acid) to the DHB matrix improved its performance in the high
molecular mass range.'*">! In the CHCA and sinapinic acid
matrices, the detection of higher molecular weight proteins
was improved by using polytetrafluoroethylene (Teflon) as
sample support. >

Recently, we investigated a methed of identifying and
quantifying proteins in blood using mass spectrometry.
During the present study, we discovered that the signal
intensity of human insulin was augmented more than 10-fold
when transferrin (Tf) was mixed with the CHCA matrix

Copyright i; 2004 John Wiley & Sons, Ltd.
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solution used for MALDI-TOFMS. This phenomenon was not
specific to either insulin or Tf, which suggested that such
enhancements could be used more generally to improve the
sensitivity of protein analysis with MALDI-TOFMS.

EXPERIMENTAL

Materials

Human atrial natriuretic peptide (hANP), glucagon, insulin,
insulin-like growth factor-1 (IGF-1), transferrin {Tf), bovine
serum albumin (BSA), horse spleen ferritin (106 mg/mL in
0.15M NaCl), and ProtecMass Peptide & Protein, were pur-
chased from Sigma {St. Louis, MO, USA). Human immuno-
globulin G (IgG, 11.3mg/mL in 0.01M sodium phosphate,
0.5M NaCl, pH 7.6) was obtained from Wako Pure Chemical
Industries Ltd. (Tokyo, Japan). Human insulin, IGF-1, gluca-
gon, and hANP stock solutions were prepared at concentra-
tions of 100 pmol/pL by dissolving them in 0.1% TFA. Tf and
BSA stock solutions were prepared at concentrations of
10 mg/mL by dissolving the materials in Millipore deionized
water. ProteoMass Peptide & Protein stock solutions, which
include bradykinin fragment 1-7, human angiotensin II, syn-
thetic peptide Py4R, human ACTH fragment 18-39, bovine
insulin oxidized B chain, bovine insulin, equine ¢ytochrome
C, equine apomyoglobin, rabbit aldolase, and BSA, were pre-
pared at concentrations of 100 pmol/kL each, according to
the manufacturer's instructions.

Sample application and data acquisition

The Tf-mixed CHCA was a 5:1 mixture of the CHCA solution
(10 mg/mL in 50% acetonitrile in 0.1% aqueous TFA) and Tf
solution (0.10pg/uL; the final concentration was approxi-
mately 8.3ng/ulL), corresponding to 0.21 pmol Tf on each
well of the target plate, if not otherwise noted. The control
CHCA was a mixture of the CHCA solution and deionized
water (5:1). A portion of each sample solution was immedi-
ately mixed with an equal volume of the matrix solution
with or without Tf, and an aliquot of 2 pL (corresponding to
1uL of sample solution} was applied to a stainless steel target
plate. Mass spectrometric analyses were performed using an
AB4700 proteomics analyzer (Applied Biosystems, Foster,
CA, USA). The operating conditions were as follows:
Nd:YAG laser (355 nm), linear mode, and detection of posi-
tive jons. The spectra were generated by signal averaging
50 laser shots into a single spectrum. The signal intensity
was obtained after performing background correction and
noise reduction using the Data Processor software (Applied
Biosystems). This software was also used to determine the
detection limit. )

To confirm whether or not the matrix solution was at an
optimum composition, serially diluted CHCA, DHB, or
sinapini¢ acid solutions (from 10 to 0.078 mg/mL in 50%
acetonitrile, 50% 0.1% TFA) were added to the insulin
solution (100 fmol/pL). The most intense signal was obtained
when 10mg/mL CHCA was added to the insulin solution,

RESULTS AND DISCUSSION

Human insulin solution (6.3 fmol/puL) was mixed with an
equal volume of Tf-mixed CHCA or control CHCA. When

Copyright & 2004 John Wiley & Sons, Ltd.
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Figure 1. MALDImass spectra of human insulin. The insulin
solution (6.3fmolul) and matrix solution were mixed
together in equal volumes; 2 pl of the resulting mixture were
applied to a target plate, alowed to dry, and analyzed by
MALDI-TOFMS (see Experimental). The matrix solution was
a 5:1 mixture of CHCA solution (10 mg/mL in 50% acetonitrile
in 0.1% aqueous TFA) with deionized water or Tf solution
(0.10 ug/uL). (a} Control CHCA used as matrix. (b) Tf-mixed
CHCA used as matrix,

the Tf-mixed CHCA was used as matrix, the signal intensity
of insulin in the MALDI-TOFMS detection system was ampli-
fied more than 10-fold relative to that achieved with the con-
trol CHCA (Fig. 1). To assess the sensitivity of insulin
detection, the matrix solution was added to serially diluted
insulin solutions (from 100 to 0.20 fmol/pL in deionized
water), and samples were then spotted on a target plate.
The detection limit of insulin was 0.39 fmol on the target plate
in a Tf-mixed CHCA matrix under the present experimental
conditions, whereas this limit was 6.3fmol in the case of
CHCA without Tf (Fig. 2).

To obtain the optimum concentration of T for the
enhancement of insulin measurement sensitivity, the CHCA
solution was mixed with serially diluted Tf solutions (from
1.0pg/uLto7.8 ng/pL) before addition to the insulin solution
(100fmol/pL). The signal intensity increased in a Tf-
concentration-dependent manner (Fig. 3(a)). However, the
S/N ratio decreased when the Tf concentration was more
than 125 ng/uL (Fig. 3(b)), though it should be noted that the
S/N value was still higher than the corresponding control
value, ie, 157, A signal for 0.39 fmol/pL insulin was
detected in the CHCA solution mixed with 0.1pg/pL Tf
(Fig. 2), whereas the signal for 1.6 fmol/pL insulin was not
detected in the CHCA solution mixed with 1.0 pg/pL T (data
not shown). These results suggest that the detection limit was
also decreased in the presence of a high concentration of T¢.

Rapid Conmmun. Mass Spectrom, 2004; 18: 1156~1160
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Figure 2. Dependence of insulin signals on insulin concen-
tration. Sequentially diluted human insulin solution (100 to
0.20fmol/pl in deionized water) and matrix solution were
mixed in equal volumes. The malrix solution was a 5:1
mixture of the CHCA solution with either deionized water or Tf
solution {0.101g/pL). The absolute intensity of the insulin
signal obtained from Tf-mixed CHCA (open circles) is
compared with that obtained for the control CHCA (closed
circles). Each point represents the mean+ S.E. of four tests,

It is known that an excess amount of protein components
can strongly influence the behavier of the MALDI process,
resulting in partial or complete ion signal suppression.®* In
addition, the optimum mass ratio between the analyte and
matrix for MALDI analysis has been demonstrated empiri-
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Figure 3. Dependence of insulin signal on Tf concentration,
Serially diluted Tf solution was added to five volumes of the
CHCA solution before mixing the resulting solution with an
equal volume of human insulin {(100fmol/pL}): (a) absolute
intensity (arbitrary units) and (b) S/N ratio of the insulin
signa! in the MALDI analysis. Each peint represents the
mean =+ S.E. of four tests.
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|

(:ally.‘5 When the CHCA was mixed with 1.0ug/puL Tf, the
excess amount of Tf might have suppressed the signal inten-
sity of insulin as well. However, if that amount is appropriate,
Tf appears somehow capable of enhancing the signal.
Todetermine whether or not the enhancement of the insulin
MALDI-TOFMS signal intensity was specific to Tf, the CHCA
solution was mixed with serially diluted solutions of several
peptides and proteins before its addition to the insulin
solution. The insulin signal intensity was also enhanced in
the presence of ferritin (20kDa), BSA (66kDa), or 1gG
(150kDa) (Fig. 4(a)). However, this was not found to occur
in a simple concentration-dependent manner in the case of
either ferritin or IgG; furthermore, when the CHCA solution
was mixed with more than 2.0pg/ul of these protein
solutions, no insulin signal was detected. The enhancement
of the insulin signal intensity was relatively small in the
presence of peptides such as hANP (3.1kDa) and glucagon
(3.4kDa). In addition, when the CHCA solution was mixed
with more than 77 ng/pL of hANP or 87 ng/uL of glucagon,
noinsulin signal was detected. Among the tested peptidesand
proteins, the insulin signal intensity was enhanced most
effectively in the presence of Tf (80 kDa) or BSA. Therefore, itis
probable that this type of enhancement requires an added
protein of moderate molecular weight, namely 66~80kDa.
With regard to the results for the serial dilutions of the
added peptides and proteins, the highest 5/N values were
obtained at 4.8ng/uL hANP, 5.4 ng/ul glucagon, 66ng/ulL
ferritin, 0.13pg/pL BSA, 0.13pg/pl T, or 057pg/ulL
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Figure 4. Dependence of insulin signal on'concentrations of
various added proteins. Serially diluted IgG, BSA, ferritin,
glucagon, or hANP solution was added to the CHCA solution
befare the solution was mixed with the human insulin solution
(100 fmol/uL): (a) absolute intensity (units) and {b} S/N ratio
of the insulin signal. Each point represents the average of
duplicale samples.
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IgG (Figs. 3(b} and 4(b)), which correspond to 0.26 pmol,
0.26 pmol, 0.50 pmol, 0.32 pmol, 0.26 pmol, and 0.62 pmol,
respectively, in each well. Thus, the optimum molar
concentrations occurred in the same scale order, although
the optimum mass concentrations of polypeptides required
to enhance the signal differed markedly between the proteins
and small peptides. In addition, the molar concentrations of
excess peptides or proteins required to suppress the insulin
signal were also found to exhibit the same scale in the same
order. The ionization of insulin appeared to depend on the
molar concentration of the peptide or protein which was
mixec with the CHCA matrix solution.

To examine whether or not the signal enhancement was
specific to human insulin, the CHCA solution premixed
with Tf or BSA {0.10pg/uL) was added to a solution of
peptides and proteins, which included hANP, glucagon,
human insulin, IGF-I, and ProteoMass Pepticle & Protein at
concentrations of 50 fmol/pL each. The signal intensities of
fangiotensin IIJ* (1046Da), [synthetic peptide Py R]*
(1534 Da), and [ACTH fragment]* (2465 Da) were either not
enhanced or were reduced in the matrix premixed with Tf or
BSA (Table 1). However, the signal intensities of [hANP}*
(3080 Da), [glucagon]* (3483 Da), [insulin B chain]* (3494 Da),
and [bovine insulin]* {5730 Da) were enhanced as well as that
of [human insulin]* (5808 Da) (Table 1, Fig. 5). The signal
intensities of [IGF-I]* (7649 Da), [cytochrome CI* (12362 Da),
and [cytochrome CJ** were enhanced more than that of
human insulin in the presence of Tf or BSA. In addition, the
signals of [apomyoglobin]* (16 952 Da) and [apomyoglobin**
were clearly observed in the presence of Tf or BSA, although
their signals were not detected in the control matrix. In this
latter case, the signal of [apomyoglobin]* overlapped with
thatof B3A, but not of Tf; therefore, it was more advantageous
to use Tf than BSA for detecting this signal. Since BSA was
included in the ProteoMass Peptide & Protein solution, the
signals of [BSA]* (66 430 Da), IBSAJ**, [BSAP*, and [BSAT**
were also detected in the presence of Tf (Table 1, Fig. 5(b)).

The results reported above demonstrate that the enhance-
ment of the signal intensity achieved with the use of Tf and

lmproved sensitivity in MALDI-TOFMS by transferrin 1159

BSA was observed for both peptides and proteins, and this
effect was not specific to human insulin. The degree of
enhancement was dependent on the molecular weights of the
peptides and proteins, and no such enhancement was
observed in the case of small peptides; in this regard a
dividing line appeared to exist between {ACTH fragment]*
(2465 Da) and [hANP]* (3080 Da).

The mechanism by which signal intensity enhancement
was achieved with the use of peptides and proteins mixed
with the matrix solution remains unclear. However, when
super DHB (a co-matrix of DHE and 2-hydroxy-5-methox-
ybenzoic acid) was used as the matrix, ion yields and 5/N
ratio improved, especially for the high-mass range.” It has
been suggested that this signal enhancement was caused by a
disorder in the DHB lattice, allowing ‘softer’ desorption, This
type of signal enhancement has also been observed inthe case
of substance P in CHCA after fast evaporation of an acetone
solvent, which resulted in the more homogeneous distribu-
tion of matrix and analytes.® In addition, better mass
resolution has been observed in the spectra of cytochrome
C in a CHCA matrix desorbed from polyethylene and
polypropylene membranes than has been observed with a
CHCA matrix desorbed from stainless steel; it was thus
suggested that such improved resolution might be due at
least in part to the formation of relatively small matrix
crystals within the membrane lattice structure® In the
present study, Tf and other proteins might have led to a
similar disorganization in the CHCA lattice, resulting in the
homogeneous distribution of insulin in the CHCA. However,
the mechanism may differ from that suggested here, since the
disorder in the CHCA lattice cannot reasonably account for
why both Tf and BSA were able to enhance the insulin signal
maore effectively than either hRANP or glucagon. As the next
step, we are now planning tc compare the crystals of the
additive macromolecules plus matrix with those of the
control matrix, using microscopic examination, to help
elucidate the enhancement mechanism. We also intend to
investigate whether the enhancement effect is observed in
matrices other than CHCA. If crystallization is important,

Table 1. Signalintensities for proteins and peptides obtained using a matrix premixed with deionized water or with solutions of Tf

or BSA

Water Tf BSA
[Angiotensin 1]* 27834 £10757 17057 £5021 19755411237
[P14R]* 41689 +£15289 30675+ 8588 29237 £13330
[ACTH 18-39]* 4371 £ 1586 3801 4 2246 5458 + 3826
[hNAP]* 5158 +1323 6889 + 2879 9523 + 6384
[human glucagon]™ 435+183 674+ 324 978 + 566
[insulin B chain]* 367 £257 997 + 251 715+479
[bovine insulin]* 639100 6266 + 2736 7498 + 5331
[human insulin}™ 1267 £130 13321 £5057 12982 + 6863
lequine cytochrome CP* 166 £ 83 5668 £1975 3460 £ 1442
[human IGF-1}* 459 + 81 7667 £ 1808 6263 + 2872
[equine apomyoglobin]** nd 2245+ 9% 2217 £ 1087
[equine cytochrome CJ* 114+43 7629 £1804 4006 + 1981
[BSAP* nd 52414 2459 + 604
[equine apomyoglobin]* nd 1347 £700 2090+ 1316
[BSAT™ nd 15513 37214£1426
(BSA* nd 114227 3624 £1681
[BSA)*Y nd 25+8 634 £433

Each entry is the average of the most intense signals from four samples. nd: no signal was detected.

Copyright - 2004 John Wiley & Sons, Lid,
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Figure 5. MALDI mass spectra of a mixture of peptides and
proteins. The mixture’ of peptides and proteins (50 fmol/pl
each) and the matrix solution were mixed together in equal
volumes. The matrix scolution was a 5:1 mixture of the CHCA
solution with (a) deionized water; (b) Tf solution (0.10 pg/pL);
and {c) BSA solution (0.10 pg/uL). Signal 1, [bovine insulin]™
(5730Da); 2, [human insulin]* {5808 Da); 3, [cytochrome
C]2+; 4, [IGF-I]* (7649 Da); 5, [apomyoglobin)?*; &, [cyto-
chrome C}* (12362 Da); 7, [apomyoglobin]™ (16 952 Da); 8,
[T+ 9, [T 10, [T 1, [TO**; 12, [BSAY™; 13,
[BSA)E*; 14, [BSA]®*; and 15, [BSA]**.

the effect should not be observed when using liquid
matrices. 2%

The present results suggest that the enhancement brought
about by either Tf or BSA could be applicable to the
improvement of sensitivity in the detection of proteins by
MALDI-TOFMS in general. However, when Tf or BSA was
used as an enhancer in a MALDI-TOFMS system, signals
from Tf and BSA were also detected, which sometimes
interfered with the analysis of the target proteins. Therefore,
neither Tf nor BSA appears to be the best possible enhancer.
Further studies are currently underway in order to discover
the best macromolecule as an enhancer,

CONCLUSIONS

We have demonstrated that the signal intensities of insulin
and of several peptides and proteins were enhanced in

Copyright « 2004 John Wiley & Sons, Ltd.

CHCA premixed with Tf or other peptides or proteins, The
characteristics of this type of enhancement are as follows:
(1) Tf (80 kDa) and BSA (66 kDa) led to better signal enhance-
ment than did small peptides and proteins (<20kDa} or IgG
{150kDa}; (2) the optimum 5/N value was observed when the
added amount of peptide or protein was within the range
0.26-0.62 pmol; and {3) the signals of peptides of high mole-
cular weight (>3000 Da) were enhanced by the addition of Tf
or BSA to CHCA, although the signals of small peptides
(<2500 Da) were not enhanced. This type of enhancement
may be useful for the improvement of protein analyses with
MALDI-TOFMS.
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SUMMARY

Liquid chromatography/mass spectrometry equipped with a graphitized carbon column is
useful for the simultaneous analysis of oligosaccharides. By using capillary column and
nanoelectrospray ion source, the method can be used for the oligosaccharide profiling of sub
microgram quantities of glycoproteins. This oligosaccharide profiling is expected to be a pow-
erful tool for the glycome analysis. We demonstrate a potential application of oligosaccharide
profiling in glycomics with two examples, the structural analysis of N-linked oligosaccharides
from a gel-separated glycoprotein, and the differential analysis of N-linked oligosaccharides

in cells.

Key words: LC/MS, oligosaccharide profiling, 2-dimensional electrophoresis, glycomics.
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SUMMARY

Liquid chromatography/tandemn mass spectrometry (LC/MS/MS) is a powerful tool for
the analysis of glycosylation sites and of site-specific glycosylation in a glycoprotein. The
glycopeptides in a complex mixture of tryptic digest can be separated and monitored by
using oxonium ions produced from a carbohydrate moiety through CID-MS/MS. Based on b
and y ions in the product ion mass spectra, peptides can be identified, and the structure of
carbohydrates can be deduced from B ions and the molecular weight of precursor glyco-
peptide. Here we show the site-specific glycosylation analysis of a-fetoprotein and an SDS-

PAGE gel-separated GPI-anchored protein.

Key words: LC/MS/MS, glycopeptide, product ion scan, QqTOF-MS, gel-separated protein,
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Fig. 1. LCMS/MS of AFP, (A) TOF-MS full scan at m/z 700-
2000, (B) product ion scan at s/z 100-2000, (C) product
ion scan at m/z 204.
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Fig. 2. Product ion spectrum of a glycopeptide

(m/z 1061.83%*) at 24 min.

2000

Inset table shows theoretical m/z values of b and y ions, and ions detected by MS/MS are

indicated by bold face.

Table 1. Glycosylation analysis of AFP

2004 48: 165

Peak Peptide sequence (theoretical Retention  Observed m/z

Carbohydrate composition

Calculated

Theoretical

. N . . Carbohydrate carhohydrate
No. peptide mass?) time (min) (charge) mass mass?
1 KVNFTEIQKL (977.5) 23 1013.43(3) [dHex];[Hex]s{HexNAc] [NeuAc], 2077.8 20717
23 1519.67(2) [dHex],[Hex)s[HexNAc] [NeuAc], 2077.8 2077.7
23 1081.29(3) [dHex),{Hex][HexNAc);{NeuAc], 2281.4 2280.8
23 1621.44(2) [dHex),[Hex]s[HexNAcl[NeuAc], 22814 2280.8
23 1446.62(2) [Hex]s(HexNAc),[NeuAc], 1931.8 19317
23 1118.67(2) [Hex] [HexNAc), 1275.9 12755
23 1264.05(2) [Hex],[HexNAcly[NeuAch, 1566.6 1566.6
23 1110.48(3} [Hex],[HexNAc];[(NeuAc), 1566.6 1566.6
24 1665.44(2)  [dHex],{Hex];[HexNAcl,(NeuAcl, 2369.4 2368.8
24 1178.33(3) [dHex],[Hex);[HexNAc]s[NeuAc], 2572.5 2571.9
24 1061.78(3) [HexJs[HexNAc),[NeuAcl, 22229 22228
25 1592.17(2) [Hex]s[HexNAc],(NeuAc], 22229 2222.8
2 KFTKVNFTEIQKL (1353.7) 27 1236.04(3) [dHex) [Hex][HexINAc],[NeuAc], 2369.4 2363.8
27 1853.29(2) [dHex] [Hex]s[HexNAc),[NevAc], 2369.4 2368.8
27 1187.17(3} [Hex]s[HexNAc] [NeuAcl, 22228 22228
28 1780.23(2) [Hex]s[HexNAc],[NeuAc], 22228 22228
28 1303.56(3) [dHex],[Hex];[HexNAc);[NeuAc), 2572.0 25719
28 1138.84(3) [dHex],[Hex]s[HexNAc],[NeuAc] 2077.8 20777
28 1206.52(3) [dHex};[Hex]Js[HexNAc]s[NeuAc], 22809 22808
28 1090.04(3) [Hex]s[HexNAc],[NeuAc), 1931.7 1931.7
28 1322.75(3)  [Hex)s[HexNAc]);[NeuAc), 2629.6 2628.9

* Monoisotopic mass value.
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Fig. 3. SDS-PAGE of lipid-free GPl-anchored protein prepared
from rat brain.
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Fig.4. LC/MS/MS of rat brain Thy-1, (A) TOF-MS full scan at
mfz 700-2000, (B) product ion scan at m/z 100-2000, (C)
Product ion scan at m/z 204.
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Fig. 5. Amino acid sequence of rat Thy-1.

Giycopeptides produced by trypsin are underlined. N-
glycosylation sites are indicated by bold face.
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Fig.6. Product ion spectrum of a glycopeptide (m/z 1532.2%%) at peal 29.5 min. Inset table shows theoretical #/z values of
b and y ions, and ions detected by MS/MS are indicated by bold face.
Table 2. Glycosylation analysis of rat brainThy-1
Peptide sequence . . Calculated  Theoretical
Pealc (theoretical peptide Gchos§ylatlon }_letenn?n Observedmyz Carbohydrate composition carbohydrate carbohydrate
No. 3 site time {min) (charge) N
mass”) mass mass
T1 H21.F33(1591.73) N23 23.9 991.1(3) [Hex][HexNAc], 1396.6 1396.5
23.9 1486.2(2) [Hex][HexNAc], 1396.6 1396.5
239 1045.1(3) [Hex],[HexNAc], 1558.7 1558.5
240 1567.2(2) [Hex);[HexNAc], 1558.6 1558.5
240 937.1(3) [Hex)s(HexNAc], 1234.5 1234.4
24.0 1405.1(2) [Hex];fHexNAc), 1234.5 1234.4
T2 H21-R37(2042.99) N23 25.5 1197.6(3) [Hex]{HexNAc), 1558.6 1558.5
25.6 1143.5(3) [Hex]g[HexNAc), 1396.6 1396.5
256 857.9(4) [Hex)s[HexNAc], 1396.6 1396.5
25.7 1089.5(3) [Hex] [HexNAcl, 1234.5 12344
257 817.4(4) [Hex)[HexNAc), 1234.6 1234.4
259 1633.8(2) [Hex][HexNAc], 1234.5 12344
T3 V65-K78 (1106.62) N74 29.5 1686.3(2) [dHex);[Hex]qHexNAc]s 2282.0 22819
29.6 1124.5(3) [d¢Hex]s[Hex)s[HexNAc]g 2282.0 22819
29.6 1532.2(2) [dHex];[Hex]) [HexNAc]g 1973.9 1973.7
296 1021.8(3) [dHex],[Hex],[HexNAcs 1973.9 1973.7
29.7 1162.6(2) [Hex];{HexNAc), 1234.5 12344
29.7 1491.2(2) [dHex);[Hex][HexNAc], 1891.8 1891.7
29.7 1592.8(2) [dHex],[Hex)[HexNAc], 20949 2094.8
29.8 1378.2(2) [dHex],[Hex];{HexNAcl; 1665.7 1665.6
29.9 919.1(3) [dHex],[Hex];[HexNAc]; 1665.7 1665.6
29.8 1438.7(2) [dHex],[Hex]s[HexNAc], 1786.8 1786.7
30.3 959.5(3) [dHex],[Hex]s[HexNAc], 1786.8 1786.7
29.9 151L7(2) [dHex]y[Hex]s[HexNAc], 1932.8 1932.7
30.0 1008.1(3} [dHex]y[Hex)[HexNAc], 1932.8 1932.7
30.0 1519.7(2) [dHex],[Hex][HexNAc], 1948.8 1948.7
30.0 1572.2(2) [dHex],[Hex],[HexNAc), 2053.9 2053.7
30.1 1499.2(2) [dHex),[Hex],[HexNAc], 1907.8 1907.7
. 30.2 1276.6(2) [dHex);[Hex];[HexNAc], 1462.6 1462.5
30.2 1337.2(2) [dHex),[Hex]s[HexNAc], 1583.7 1583.6
a7 1860.4(2) [dHex],[Hex])[HexNAc][NeuAc]; 2630.1 2630.0
.7 1240.6(3) [dHex];[Hex]fHexNAc}[NevAc], 26301 2630.0
31.9 1706.3(2) [dHex],(Hex] [HexNAc][NeuAc], 23219 23219
T4 V69-K78 (1106.62) N74 32.1 1563.7(2) {dHex],(Hex] HexNAc],[NeuAc], 2035.8 2036.7
32.1 1452.7(2) [dHex],[Hex][HexNAc];[NeuAc], 1874.7 1874.7
321 1584.2(2) [dHex)],[Hex];[HexNAc],[NeuAc], 2077.8 2077.8

1 Monoisotopic mass value.
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