Tool for Rapid Analysis of glycopeptide by Permethylation
(TRAP) via one-pot site mapping and glycan analysis.

Asif Shajahan, Nitin T. Supekar, Christian Heiss, Mayumi Ishihara, and Parastoo Azadi*

Complex Carbohydrate Research Center, The University of Georgia, 315 Riverbend Road,
Athens, GA 30602

Corresponding Author*: azadi@uga.edu

Supplementary Materials

Table of Contents

Page No.
Supp. Figure S1 - Cluster of peaks and cleaved products were observed for the S-2
acetylated and permethylated angiotensin on MALDI-MS
Supp. Figure S2 - Analysis of pronase digest of RNase B by permethylation S-2
Supp. Figure S3 - Evaluation of reproducibility and extraction efficiency of S-3to S-4
TRAP
Supp. Figure S4 - Analysis of tryptic digest of RNase B (25 pug) by TRAP S-5
followed by SPE sample clean up without organic extraction
Supp. Figure S5 - Structures of glycoforms of permethylated glycopeptides of S-5
pronase digest of human transferrin.
Supp. Figure S6 - Structures of glycoforms of permethylated glycopeptides of S-6
pronase digest of bovine fetuin.
Supp. Figure S7 - CID MS” of permethylated O-glycan released from the S-6
glycopeptides of bovine fetuin
Modifications observed on amino acids of peptides during permethylation. S-7 to S-42
Supp. Table S1 - S17
Supp. Figure S8 — S25
Supp. Figure S26 - Identification of terminal sialic acid linkage isomers on S-44
transferrin by MS" analysis.

S-1



90]
80|
70]

60

50]

Cleaved products of acetylated
and permethylated angiotensin

acetylated and permethylated angiotensin

1604.7

1618.7
1632.7

1646.7
1660.7
1674.7

1562.7
1590.7

Relative abundance

1023.0

— 1576.7

1263.6

1504.2 1744.8 1985.4
m/z

2226.0

Supp. Figure S1: Cluster of peaks and cleaved products were observed for the acetylated and
permethylated angiotensin on MALDI-MS, which could be due to partial acetylation of histidine and

tyrosine.
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Supp. Figure S2. Analysis of pronase digest of RNase B by permethylation of glycopeptides and mass
spectrometry; MALDI-MS spectra of multiple glycoforms of permethylated glycopeptide from the
pronase digest of RNase B; A. at 1/20 pronase glycoprotein ratio; B. at 1/30 pronase glycoprotein ratio;
S*RNL. * loss of NMe;.
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Supp. Figure S3. Evaluation of reproducibility and extraction efficiency of TRAP (the figure is a
representative of triplicate experiments); A. MALDI-MS spectrum of multiple glycoforms of permethylated
glycopeptide N*LTK from the tryptic digest of RNase B extracted on organic layer, B. MALDI-MS spectrum
of permethylated tryptic digest of RNase B extracted on water layer, C & D. monosaccharide composition
analysis by GC-MS of organic and water layer, respectively. The figures demonstrate complete recovery of
permethylated glycopeptide on organic layer during liquid-liquid extraction (LLE) since no peak
corresponding to glycopeptides was observed in water layer. * loss of NMe;, * non-glycopeptide peak.

Results and discussion on the evaluation of reproducibility and liquid-liquid extraction efficiency of
TRAP

In order to evaluate the liquid-liquid extraction efficiency after the permethylation of glycopeptides, we
have compared the presence of permethylated glycopeptide species in both organic and water layer. The
organic dichloromethane layer was directly analyzed by MALDI-MS after evaporation (Supp. Figure 3A).
The aqueous layer was desalted by C18 SPE, dried and analyzed by MALDI-MS (Supp. Figure 3B). The
organic and aqueous layers were also analyzed for the presence of monosaccharides by GC-MS method
(Supp. Figures 3C and 3D). In both analysis, almost complete recovery of permethylated glycopeptides
towards the organic layer was observed. The experiment was conducted in triplicate and consistent results
were observed in all cases. To evaluate the efficient retention of permethylated glycopeptide on C18 SPE
cartridge, we have performed direct C18 SPE of permethylation reaction mixture after quenching the
reaction with ddH,O without dichloromethane extraction. Efficient retention of permethylated
glycopeptide on C18 SPE cartridge was observed as shown in Supp. Figure S4, even with TRAP
performed on 25 pg of RNase B tryptic digest.

Experimental procedure

Evaluation of LLE of permethylated glycopeptides. The permethylated glycopeptides mixture (250 pg,
permethylated in triplicate) was vortexed thoroughly for 10 min with CH,Cl, and the organic and aqueous layer
was separated. The organic layer was washed five times with 2 mL ddH,O. The organic layer was removed
carefully and transferred to a clean glass tube and subsequently dried under a stream of nitrogen gas. The
aqueous layer and the water washes was mixed, desalted by passing through Ci8 SPE and lyophilized. The
efficiency of the extraction was evaluated by MALDI-MS and gas chromatography (GC) of both organic and water
layers (Supp. Figure S3).
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Supp. Figure S4. Analysis of tryptic digest of RNase B (25 ug) by TRAP followed by SPE sample clean
up without organic extraction; MALDI-MS spectrum of multiple glycoforms of permethylated
glycopeptide NLTK from the tryptic digest of RNase B. * loss of NMes. The spectrum also demonstrates
that the sensitivity of TRAP method is 25 pg for RNase B.
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Supp. Figure S5. Structures of glycoforms of permethylated glycopeptides ‘N*K™”, ‘N*VT+Me’ and
‘N*KS+Me’ detected from the MS analysis of pronase digest of human transferrin.
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Supp. Figure S6. Structures of glycoforms of permethylated glycopeptides ‘N*C3S™9 N*DSMIRMe)
and ‘N*GSYL’ detected from the MS analysis pronase digest of bovine fetuin.
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Supp. Figure S7. CID MS® of permethylated O-glycan (unreduced) from the glycopeptides of bovine
fetuin upon permethylation (lithium adduct).
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Modifications observed on amino acids of peptides during permethylation.

A peptide library with various peptides which comprises all 20 natural amino acids were permethylated
individually and characterized by MS and MS" experiments. In order to deduce a general rule,
modifications observed on the amino acids during permethylation reaction was observed and tabulated as
shown in Supp. Tables 1-17.

Supp. Table S1. Modifications observed on the amino acids upon permethylation of the peptides and
glycopeptides

Common . . Mass difference of
Structure of methylated amino acids . .
No. name of permethylated amino acids
. . observed . .
amino acid observed in peptides
Me Q
1 Glycine rN R’ 102.0555
PerMe - G
R‘N J}( R’
2 Alanine Me o 116.0711
PerMe - A
(o)
Me o)
R N R’ ) Nle
R R'
MeO . 115.0633
3 Serine PerMe - S PerMe - S 83.0371
0] 95.0497
CE-,H7)k R'
PerMe - S@*
OMe
| 129.0790
R. R’ ! )
4 Threonine I\NII R\N R 97.0528
¢ 9 Me o
PerMe - T PerMe - T#
Me Q
7~ N 1]
R j)kR e © 202.0776
5 Cysteine o e 83.0371
Y\S R’N R'
NMez
PerMe - C (IAA)  PerMe - C*
Me Q
R/N R'
6 Valine 113.0841
PerMe -V
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R. R'
)N,\,.j\rf
€ o

PerMe -D

7 Leucine 127.0997
PerMe - L
8 Isoleucine R\K(R' 127.0997
Me 0
PerMe - |
X
.. R. R’
9 Methionine N 97.0528
Me
(0]
PerMe - M®
[37( R
i N
10 Proline Me O 174.0766
PerMe - P
R” R’
11 Phenyl 161.0841
alanine
PerMe - F
R~ R’
12 Tyrosine 191.0946
MeO
PerMe - Y
R~ R'
13 | Tryptophan MeN™ X 216.1263
PerMe - W
14 | Aspartic Rj‘J)kR' 143.0582
acid MeO
0
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R~ R’
15 Glutgmic j)‘\ 157.0739
acid
(o} OMe

PerMe - E

) R” R’
16 | Asparagine MeZN\’g)}\ 156.0899

O PerMe -N

Ne
R” R’
17 Glutamine 170.1055

o
R-Ne

18 | Histidine Me R 165.0902
\
N PerMe - H

3
19 Lysine 185.1648
R\N R
Me

I\NIIe
R” R’
20 Arginine 226.1794

MeN

Me,N NMe
PerMe - R

# - loss of OMe, @ - loss of NMes, $ - loss of SMe
Elimination of N-terminal a-amine group (after quarternization) was also observed on the
peptides during permethylation
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Supp. Figure S8: CID MS’ fragmentation spectra of peptide N¥*K™® (generated from the MS® of

transferrin glycopeptide) at m/z 342.24 (17).

Supp. Table S2. N*K™?

Predicted fragment structure Amino acid Fragment type
sequence
NHMe Exact Mass: 143.0815 N* cl
(0] | H'
NHMe
0
0 K* z1 — OMe, Me
Exact Mass: 156.1383
NMes
NHMe Exact Mass: 196.0842 N*KHM b2
o o - (CHy)sNMe; | - (CH,)sNMe;
| Me\u - NMe;
N +
o
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NHMe  Eyact Mass: 251.1390
N M) b2
\g\ -2 NMe;
)N;:( Exact Mass: 283.1652 N#R * Me)
)N%M:’(Exact Mass: 310.2125 N*K #Me)
NM93
NHMe Exact Mass: 342.2387 N+ Mo

0 | Me O
OMe

NMe3
¥

* loss of NMes
#1oss of OMe
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Supp. Figure S9: CID MS® fragmentation spectra of peptide N*VT*™® (generated from the MS* of
transferrin glycopeptide) at m/z 390.20 (1°).

Supp. Table S3. N*VT*™9

Predicted fragment structure Amino acid Fragment
sequence type
Exact Mass: 219.1104 N*V a2
o - NMC3
N
| Me
o
NMe
Exact Mass: 247.1053 N*V b2
. - NMC3
N .
Me |
o (0]
NMe
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Exact Mass: 276.1319 N*V c2
-NMC3
. 0
Na .
NMe
M
e
o o)
NMe
Exact Mass: 331.1866 N+ THMe) a3
. o - COOMe - COOMe
Na Me . - OMe
N N\< e —NMC3
Me
o © X
NHMe
Exact Mass: 348.1530 N#yTSMe)
Na O Me ©
N\/U\
I'\‘lll : OMe
e
0 o)
NMe
Exact Mass: 358.1737 Ny THMe)
)
N
Me
NMe
Exact Mass: 390.1999 N#y T M

Na+ 0 Me Me0
N
e
o © X

NHMe

* loss of NMes
*1oss of OMe
% loss of CH(OMe)CH;




N*LT*K

552.4
o b3 — NMe;
2 - OMe
T (N*LT¥)
3 a2~ NMe; b2-NMe; 336.2
o (N*L) (N*L)
g
3 21’7‘1_1239.1
N*LTK
b3 — NMe,
(N*LT) N*LT*K*
3051\ 3682 43970 49345253
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Supp. Figure S10: CID MS” fragmentation spectra of peptide N*LTK (generated from the MS* of RNase
B glycopeptide) at m/z 584.40 (1)

Supp. Table S4: N*LTK (From Glycopeptide)

Predicted fragment structure Amino acid | Fragment
sequence type
NHMe Exact Mass: 211.1441 N*L a2 -
NMC3
O
| Me
N—+
O
NHMe  Exact Mass: 239.1390 N*L b2 -
| O (0] NMC3
Me I,
(0]
b3
NHMe Exact Mass: 336.1918 N*LT - OMe,
- NM€3
o O
| Me |
N N
0 Me o
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NHMe Exact Mass: 368.2180 N*LT b3 -
NMe
(@) (0] © 3
| Me
N N
o) Me o
#
NHMe  Exact Mass: 493.3021 N*LT*K*
(@)
¢Me jY
N
POy T
NHMe  Exact Mass: 525.3283 N*LT*
0 OMe
| Me
N
Oy
NHMe  Exact Mass: 552.3756 N*LT*K
(@)
Qe UY
N
(e}
NM83
N*LTK

NHMe Exact Mass: 584.4018
0 OMe

Me Me
ﬁc
NMe3

A

* loss of NMes
*1oss of OMe
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e (N*LT) N*LTHK * (Me) ’/
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65 506.3
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Supp. Figure S11: CID MS’ fragmentation spectra of peptide N*LTK™® (generated from the MS* of
RNase B glycopeptide) at m/z 597.43 (17)

Supp. Table S5: N*\LTK™® (From Glycopeptide)

Predicted fragment structure Amino acid Fragment
sequence type
%k -
NHAMe £y act Mass: 211.1441 N*L a2
NMC3
0
| Me
N— .,
(0]
NHMe Exact Mass: 239.1390 N*L b2 -
l 6] (0] NMC3
l,\\llle I,
(0]
NHMe Exact Mass: 336.1918 N*LT" b3

- OMe,

0 o

| Me l - NMe;
N N

o) Me 4
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NHMe Exact Mass: 368.2180 N*LT b3 -
o o NMC3
| Me
0 e
NHMe  Exact Mass: 506.3337 N*LTAR MO
o 0
| Me | Me Q
R‘n . NHMe
o) o,
H A\
NHMe Exact Mass: 538.3599 N*LTK*M®
o OMe
| Me Me
NHMe
o)
NHMe Exact Mass: 565.4072 N*LTRM®
o)
| Me
N NHMe
o)
NMe3
NHMe Exact Mass- 597.4334 N*LTK™M®

A

(I\)/Ie Me
NHMe
NMe3

* loss of NMes
*1oss of OMe
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Svnthetic peptides
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o

0 Y2 (YV)
17310
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Supp. Figure S12: CID MS’ fragmentation spectra of peptide VYV at m/z 478.32 (1)

Supp. Table S6: VYV

Predicted fragment structure Amino Fragment
acid type
sequence

Exact Mass: 164.1070 OMe Y y2a2

H+
MeHN
OMe Exact Mass: 246.1489 OMe Yve 72—
+
Exact Mass: 246.1489 . H COOMe
N | V*Y a2
J.\ | I\N/Ie - NMC3
#
Exact Mass: 274.1438 Y'v z2
Ht - OMe
[ we |
OMe
0]
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OMe YV y2
HJr Exact Mass: 337.2122
Me 9
N
MeHN OMe
(0]
V*YV
/5)/ Exact Mass: 419.2540
VYV

Exact Mass: 478.3275

T

* Joss of NMes

#
loss

of OMe

@ 1oss of COOMe

100
95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
35
30
25
20
15
10

b3 - NMe,

- MeOH
- CH,SCH,CONMe,
(V*T#CS)

b2 - NMe,
(V*T)

b322 (C™)

13% 05

186.06
212.13

VT CMeGMe)
- NMe,

- NMe,
- MeOH
22-0Me 72 (CMIGM)
(CMOG*Me) 303.14

V*T@CMe)G(Me)

-NMe,

- CH(OMe)CH,
487.26

(

51?.27

23712 fzpﬂ 3/8331118

V' THC MG Me

545.30

VTCMoGMe)

60r.37

100.11
g
100

150

L

T
200

T

T
250 300 350 400 450 500

mi/z

T
550 600 650

Supp. Figure S13: HCD MS? fragmentation spectra of peptide VIC™IG™? at m/z 604.37 (1)
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Supp. Table S7: VIC™OG™?

Predicted fragment structure Amino acid Fragment
sequence type
NMe, cMo b3z2
g ©
I
Me)%@
O
Exact Mass: 186.0583
0] V*T b2
Me |
WN/\K@ - NMe; - NMe;
© OMe
Exact Mass: 212.1281
ve © VHT*C® b3
N - NM€3 - NMC3
7 N +
W I Ne - MeOH - MeOH
O 0] - CHQSCHzCONMCz - CHzSCHz-
Exact Mass: 263.1390 CONMe,
/EMez CMIGMe) 72 - OMe
- OMe
g ©
L Ne 8
Me \)@)
O Me
Exact Mass: 271.1111
NMe, cMIGMe 22
g © o
ol N
Mo \%J\OMe
0] Me

Exact Mass: 303.1373




®
Me3N

o
S
Wﬁ e Me \)ko'\"e
e
M
0 OMe @) e

Exact Mass: 604.3738

NMe, V' T@CcMIGMeN
-NMC3
g (@] - CH(OMe)CH;
Me 0 Me 0
o H MeN&  me
Exact Mass: 487.2585
NMe, VT cMIGMe
A -NMC3
H* o g © o - MeOH
I\N/Ie I\N/Ie
Y\[‘( | I’\\I/I Me \HJ\OMG
o) €0 Me
Exact Mass: 513.2741
NMe, v TCMIGM
A - NMe;
(@]
+ S
H I\N/Ie (@) I\N/Ie 0]
e
0] (0] Me
OMe
Exact Mass: 545.3003
NMe, vTCMIGMe)

* Joss of NMes

* loss of OMe

@ Joss of side chain (-CH(OMe)-CH;)

% loss of side chain (-CH,-S-CH,-CO-NMe,)
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V*TCMe)G(2Me)

- NMe;,
1007 559.32
95;
%07
853
80;
75%
70%
65;
603
55% b3 - NMe, V*THCMe)G(2Me)
503 - MeOH - NMe;
457 - CH,SCH,CONMe, - MeOH
40§ (V*T*C9) \_
352 b3 - V T@CMe)G@Me)
(€M) (y+1) 22 (CMOGEMY) ] gr(%Me)CH

3

Relative Abundance

303
2573
20; 186.06 72 — OMe 317.15

152 (C(\le)G*(ZY\lc)) 501.27

E VT CMe)G@Me)
10

21213 ! 618.39
130.03158.06 228.10 328.26 413.27_445.10 . 527.29

™ T T T T
100 150 200 250 300 352\[ 400 450 500 550 600 650
z

Supp. Figure S14: HCD MS? fragmentation spectra of peptide VIC™IG®™® at m/z 618.39 (17)
Supp. Table S8: VTC™9GEM

Predicted fragment structure Amino acid Fragment
sequence type
NMe, cMo b3z2
g ©

|
Me)/w@
(0]

Exact Mass: 186.0583

O V*T b2
Me | ®
Wl\l/\f
© OMe

Exact Mass: 212.1281
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ve © V*T*C? b3
pZ N N - NMe3 - NMC3
W N - McOH - McOH
O 0] - CHQSCHzCONMCz - CHzSCHz-
Exact Mass: 263.1390 CONMe,
NMe, CMIG#Me) 72 - OMe
5{/4§3 - OMe
)T\'(Me Meo
N |
Me \R@
O Me
Exact Mass: 285.1267
NMe, cMIGMe) 22
S M OM 0
® e Me
Me)/\ﬂ/ N——~owme
o Me
Exact Mass: 318.1613
NMe, V' T@CcMIGMe )
- NMe3
S (0] - CH(OMe)CH;
(0] (0]
Me Me Me
\\Tf;\\T(,N\\//lL\N,/iiéT/PJ\\k/Jl\()“Ae
0] Ho Me O Me
Exact Mass: 501.2741
NMe, VT cMIGMe)
A - NMC3
o g O - MeOH
I,\\llle Q Ir\\llleMeO
(@] Me (@] Me
Exact Mass: 527.2898
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NMez

Exact Mass: 559.3160

v TCMIGMe)
- NMC3

NMeg

rJ\Me Me OMe

Exact Mass: 618.3895

Me3N

* Joss of NMes

*loss of OMe

@ Joss of side chain (-CH(OMe)-CH;)

$loss of side chain (-CH,-S-CH,-CO-NMe,)

100 203.18
95 336.19

65 b2
-NMe,
a2 (N»J.-L)
- NMe; 253.15
(N*L) b3

225.16

Relative Abundance
o
o

35 - NMe,
30 - NMe,
25 (N*L)

350
291.13

263.14
10 180.10

5 -NMe,
- OMe
(N*
21

LT*)

360.29

N*LT*K*

507.32

N*LTHK*#

475.29

457.34

N*LTK®@
538.

40

N*LT*K
566.39

580.41

5 149.41 ‘ ‘
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LT s

m/z
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Supp. Figure S15: CID MS? fragmentation spectra of peptide N*LTK at m/z 598.44 (1)
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Supp. Table S9: N*LTK (synthetic peptide)

Predicted fragment structure Amino acid | Fragment
sequence type
Exact Mass: 180.1019 N*L a2
- NM€3
j\( - NMCQ
NMe2  Exact Mass: 225.1597 N*L a2
- NMC3
© Me
N
o]
NMe, Exact Mass: 253.1546 N*L b2
)W\n/ - NMe;
NMe, Exact Mass: 350.2074 N*LT* b3
- NM€3
ﬁ o
¢Me
Exact Mass: 475.2915 N*LTK**
NM62
)I( -
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NMe, Exact Mass: 507.3177

Il\\lll OMe
o €0
+
H
AN

N*LTK*

NMe, Exact Mass: 538.3963
OMe
) Me 0 I\N/Ie
M
0 €0

N_Me:;

N*LTK®

NMe, Exact Mass: 566.3912

I’\\lll OMe
o) ¢ 0

N*LT'K

NMe, Exact Mass: 598.4174

OMe
(0} Me (0] I\N/Ie o)
I\N/I OMe
o) € 0

I:I_Meg

N*LTK

* Joss of NMejs
#1oss of OMe
@ 1oss of COOMe
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b3

100

b2

- NMe,
(N*L)
253.15

Relative Abundance

a2

- NMe,
- NMe;,
(N*L)

a2

- NMe,
(N*L)
225.16

‘ Il I
=T u

180.10
197. ']6

L
L

“NMe, 350

- OMe
(N*LT*)

21

N*LT#K* (Me)
521.33

N:\-LTtK»,\-t(\lc)
305.15

489.31

360-29
e

448. zp
.

N*LT*KMo
580.

41

N*LTKM™e)
612.43

f T
100 150 200

T T T
350 400 450 500 550

m/z

T L e |
600 650

Supp. Figure $16: CID MS® fragmentation spectra of peptide N*LTK™® at m/z 612.43 (1)

Supp. Table S10: N*LTK™? (synthetic peptide)

Predicted fragment structure Amino acid Fragment
sequence type
Exact Mass: 180.1019 N*L a2
- NM€3
L( - NMCQ
NMe2  Exact Mass: 225.1597 N*L a2
- NMC3
© Me
N
O
NMe, Exact Mass: 253.1546 N*L b2
)W\n/ - NMe;
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NMe, ExactMass: 350.2074 N*LT” b3
-NMC3
o) o) -OM
e 1] e
N ]
0 Me o
NMe, Exact Mass; 489.3071 N*LT K * Mo
Oﬁ‘/,\N,,e o E\H/I\Nﬂe 0
N
o) ﬁ;""e 0
X
NMe, Exact Mass: 521.3334 N*LTK*M
O I\N/Ie o) | Me o)
Ir\\lll OMe
e
o) O
H
X
NMe, Exact Mass: 580.4069 N*LTKM
N OMe
o ¢Me 0 \E;
NMG:;
Exact Mass: 612.4331 N*LTK™?
NMez
OMe
o) I\N/Ie o) Ne o)
N OMe
0 Me &
L\_JMe3

* loss of NMe;
#1oss of OMe
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72
(NL)

Relative Abundance

307.

c2 b3
-NMe, - NMe,
- OMe y2 -OMe V3

##(3Me) I S ##(3Me) Y
S ©)A) (NL) S AN) (ANL) S*#3M) AN,

338.20 421.24
S 1K S - ‘ 35807 ,“4,3"",26‘ LA B
150 200 250 300 350 400 450 500 550
m/z

Supp. Figure S17: CID MS’ fragmentation spectra of peptide S***M9ANL at m/z 517.30 (1)

Supp. Table S11: S***MIANL (synthetic peptide)

Predicted fragment structure Amino acid Fragment
sequence type
o} SHIEMIA c2
NHMe - NMe,
05H7)J\I\N/Ijﬁ( - OMe
+e O
Na
Exact Mass: 233.1260
o NL 72
oM
CN Y
o O
+
NMe, Na
Exact Mass: 307.1628
NL 2
o y
MeHN N OMe
Me
+ O O
Na
NMe2
Exact Mass: 338.2050
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A A e
CsH7 II\\III
€0 o)

+
Na
Exact Mass: 358.1737

NM92

S##Me) AN b3
- NMC3

- OMe

O
Me
N OMe
MeN N
Me
(0] (0] (0]
+
Na

NMe2
Exact Mass: 421.2421

ANL V3

O (@]
Me
N OMe
CsH7 N N
Me Me
O O O
+
Na

NMe,
Exact Mass: 517.2997

S##EM AN,

* loss of NMes
#1oss of OMe

b2 — NMe, (Y*G)

100 232,10

Relative Abundance
(3.
o

35 361.21

25 b3 — NMe, (Y*GG)
20 303.13

246l11
5
19000 21842 ) | 2T

286.15
16 |
lv L\

40 z3 (GFL)

321.22 346,18 404,25 ]
Al

b4 — NMe, (Y*GGF)

464,

436.22

420.23

22

Y*GGFL

478f3

YGGFL
496.24 52431

v
i 1 sasor  S9P2 62334 682.42
L

T
200 250 300 350

400 450
mz

LIRS Mant Ranat aan neant

T
500 550 600 650 700

Supp. Figure S18: CID MS’ fragmentation spectra of peptide YGGFL at m/z 682.42 (1)
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Supp. Table S12: YGGFL

Predicted fragment structure Amino Fragment
acid type
sequence

O Exact Mass: 232.0968 Y*G b2
H' - NMe;
N .
[ Me |
MeO
Exact Mass: 303.1339 Y*GG b3
() Me\j - NMC3
H N .
N
N T
(@]
MeO
Exact Mass: 361.2122 GFL 73
(0]
)J\ N
+ N
Me
Exact Mass: 464.2180 Y*GGF b4
- NMC3
(0] (0]
H Me
[ Me Me
(0]
MeO
%k
Exact Mass: 623.3439 Y*GGFL
H' i Me Me
N
| M;\H/ Me \¢
MeO
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Exact Mass: 682.4174
€0 €0
MeO

YGGFL

* loss of NMes

b2 — NMe, (YG)
100 232.10

undance

e

ati

Re

35 b3 — NMe,
30 Y*GG) 3 (GFMY)
25 \—$ 331.16

303.13

10 436.22
5 ‘ 20513 ‘ 29147 36221 420.23
T T

b4-N
46

22

Me,(Y*GGF)
4,

494.126

Y*GGFM?®
593.30

YGGFM®
652.37
T

A Rl R LA ML M AR MM LA | LAAAAR LAY LAR LR AL A LAY
350 400 450
mz

T
300

Supp. Figure $19: CID MS? fragmentation spectra of peptide YGGFM?® at m/z 652.37 (17)

Supp. Table S13: YGGFM®

T

T

T
500

TrrTTT

T
550

TrrTTTTTY

T
600

LAAAM LAA A L] M R LA

700

Predicted fragment structure

Amino
acid
sequence

Fragment
type

Exact Mass: 232.0968

MeO

Y*G

b2
- NMC3
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Exact Mass: 303.1339 Y*GG b3
-NMC3
H+ Q I\N/Ie |O
N
N X
0
MeO
Exact Mass: 331.1652 GFM*® 723
- SMe
L e T
+ Ir\\lll OMe
e 0 S
Exact Mass: 464.2180 Y*GGF b4
—NMC3
0 0
H Me
B
e 0 e
MeO
$
Exact Mass: 593.2970 Y*GGFM
i Me 0 ll\\llle Q
R y oe
e 5 e 5 “
MeO
$
Exact Mass: 652.3705 YGGFM
MesN" i N i Ne i
& N N OMe
e 5 e 5 S
MeO

* - loss of NMe;
5 _loss of SMe
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b2

SHCMOFLLRN

: 938.9
10 256.3 - NMe,
-OMe
S % #(3Me)
9 S F)
8
L7
§ S’#(&\lc)FLLRSVm
< 6
5 b3
“H(2Me) | SN @
3 a2 NMe S FLLRSN
2 5 M b2 NMe, . 935.0
£ - NMes - NMe - OMe 796.9
° - OMe 3 (S*HOMORL)
x 4 QEHOMOF - OMe
( ) Ve 383.5 810.9 925.1
\j *#(2Me)
3 (8 ") b4 781.
o> 270.4 - NMe,
’ 397.5 - OMe 857.0
(S*"(3"°)FLL) 78p.8]
510.6 750.8
| L
291.2 448.4 605.6 762.8 920.0

miz

Supp. Figure $20: CID MS? fragmentation spectra of peptide S***MYFLLRN at m/z 952.65 (1)

Supp. Table S14: S*FLLRN

Predicted fragment structure Amino acid Fragment
sequence type
SN a2
j\ - NMe;
+
CsH7” N - OMe
Me
Exact Mass: 228.1383
SN b2
- NM€3
o - OMe
- Me
C4H N +
4Hs5 Ve |
Exact Mass: 242.1176
SHCMIR b2
- NMC3
0 - OMe
CgsH N +
5M7 Me |
Exact Mass: 256.1332
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T

Exact Mass: 952.6594

Me N NMes

S##EMOpT b3
- NMC3
C5H7 - OMC
Exact Mass: 383.2329
SHEMIRL [ b4
e - NMC3
C5H7 \¢ - OMe
Exact Mass: 510.3326
L §*#CMOET T RSN@
Exact Mass: 796.5331 NHMe
#(3Me) S\NT@
NMe, S#CMORT [ R3N
Exact Mass: 810.5488 NHMe
NMe, SHEMIEL T RN
i ¢ f(\ 8)& J?
Exact Mass: 938.6437 Me N NMe3
SHOMIRL [ RN
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* _ Joss of NMe,
S - C(NMe)NMe,
@ _1oss of COOMe

¢5—NMe;

(D*RVYI)
801,52
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481.28
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1046.68

5 (YIHXMOPR
ad— NMe, ¥5 ( )

Relative Abundance

(D*RVY)
615.39
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Supp. Figure S21: CID MS® fragmentation spectra of peptide D¥*RVYIHPF at m/z 1281.79 (1)

D*RVYIH2MoPFMe)
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Supp. Figure $22: HCD MS? fragmentation spectra of peptide D*RVYIH*™PF™? at m/z 1281.79 (1)
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Supp. Table S15: D*RVYIH*™PF™?

Predicted fragment structure Amino acid Fragment
sequence type
MeN Nl\/le2 D*R b2
Exact Mass: 339.2027 N - NMe;
(0]
M
eO €
(@)
MeN NMe2 D*RV a3
Exact Mass: 424.2918 gi/:/ - NMe;
Exact Mass: 481.2809 HPF z3
NMe
>—Me
Me N NM *
®2  Exact Mass: 615.3865 D*RVY aél‘\IM
S\”/ OMe - NS
MeN N'V'ez Exact Mass: 742.4862 D*RVYI as
- NMC3

Me OMe

ﬁn*
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MeN NMez Exact Mass: 801.5233 D*RVYI c5
-NMe3
ﬁ&( f %Nm
Exact Mass: 830.5175 YIH*MOpEMe) y5
NMe
+/>—Me
MeHN /\q\ <j/‘\
MeN N'V'ez Exact Mass: 949.6233 D*RVYIH*™ a6
NMe NMe - NMe;
7\))& Jik /\Qk "
MGNYNMez Exact Mass: 1046.6761 D*RVYIH*Mp a7
NMe OMe NMe _NMCS
—Me
o) e o) e N
N N N N
Meo\n))‘\ Me o /\i‘\ Me o M O@
o)
MeN N'V'ez Exact Mass: 1105.7132 D*RVYIH*™P | ¢7
—NMC3
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MeN

NMez

Exact Mass: 1281.7969

T

D*RVYIH*MIPF®™e
)

* _Joss of NMe,

100

Relative Abundance

¢5—NMe,
(D*RVYI)
80152
a7 - NMe;
(D*RVYIH3™P) D*RVYIH}MPFMe)
1060.69 129581
73
(H}(Mc]PF(Mc]) )’5
495,30 (YIFPMOPF®)
26 — NMe;
648,41 (D*RVYIH3™e)
963,64
a4— NMe, 7 NM
D*RV Cl €3
( 615r3YQ) (D».\-R\/YIHMMc)p)
844,53 1119.73
b2-NMe . 957.62
(D*R) ?D*RV) 6‘481 25— NMe, 1134.73
517.39 (D7RYYD 943, 1183.80
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Supp. Figure $23: CID MS? fragmentation spectra of peptide D¥*RVYIH*™PF™® at m/z 1295.81 (1)
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Supp. Figure S24: HCD MS? fragmentation spectra of peptide D*RVYIH*™YPF™9at m/z 1295.81 (1)
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Supp. Table S16: D*RVYIH*™“pF™°

Predicted fragment structure Amino acid Fragme
sequence nt type
MeN Nl\/le2 D*R b2
Exact Mass: 339.2032 i - NMe;
MeN NMe2 D*RV a3
Exact Mass: 424.2924 gi/:/ - NMe;
Exact Mass: 495.2966 H*Mopp™Me) 73
NMe
>—Me
Me N NMe *
2 Exact Mass: 615.3870 DERVY a?\IM
S\”/ OMe - MG
MeN N'V'ez Exact Mass: 742.4867 D*RVYI as
-NMC3

Me OMe

ﬁn*
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NMe

)—Me

ﬁzfégwwm

MeN NMez Exact Mass: 801.5233 D*RVYI c5
-NMC3
# &( f J;E;km
Exact Mass: 844.5331 YIH MeppMe) y5
NMe
>—Me
MeHN Ji\ <j/‘\
MeN N'V'ez Exact Mass: 963.6390 D*RVYIH'™ | a6
—NMC3
NMe
%Y $ LS
# ﬁ ﬁ "
MeN NMez Exact Mass: 1060.6917 D*RVYIH*™MOp | a7
—NMC3
NMe
SY g 14
MeN N'V'ez Exact Mass: 1119.7289 D*RVYIH'™IP | ¢7
—NMC3
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MeN__NMe, Exact Mass: 1295.8126 D*RVYIH*™®p
F(MC)
NMe OMe NMe
[ e
N
NG i NG i Me Meom
MeO e (e} e (e} e €
(6]
(0]
* _ Joss of NMe,
b2 - NMe,
(F*V)
2441
100
90
80
o 70
2
g 60
S
2% ¢1- NMe,
3 (F*) F*VQWLMSNT
© 40 1440 -Me
1137.4
30 b3 — NMe;,
bl — NMe;, (F*VQ)
20 (F¥) 4141 y6 — SMe, - Me
s b4-NMe;  ps_ N, (QWL';]TNT) 1125.6
10 | 6ot 425.1 (F*VQW) *VOWIL 1041.4
3111 (F*VQWL)
o™ 1?2f1°{ l Bl 628.2 7552 008.3 0583
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mz

Supp. Figure S25: CID MS’ fragmentation spectra of peptide F*VQWLM*NT™® at m/z 1151.70 (1)

Supp. Table S17: F*VQWLM*NT™®

Predicted fragment structure Amino acid Fragment
sequence type
O F* bl
|+ Exact Mass: 131.0491 - NMe;
A : F* cl
SNMe Exact Mass: 144.0808
| - NMC3
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Q Exact Mass: 244.1332 P b2
Xac ass: . -NMC},
N —+
| Me lO
o o F*VQ b3
N Me T, Exact Mass: 414.2387 - NMe;
| Me o
Me,N” SO
F*VQW b4
Exact Mass: 628.3493 - NMe;
o ~ NMe
I\N/Ie
B Me I
e 0 e
MezN
F*VQWL b5
Exact Mass: 755.4491 - NMe;
~ NM(e)
f;rw Y
N +
MezN
Exact Mass: 908.5604 QWLM’NT y6
N - SMe
H -Me
NMe
= /
X
€ N N N ©
Me o Me o yle o
Me,N~ Y0 NMez
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F*VQWLM®NT
- Me

F*VQWLM’NT™®

* _loss of NMe;
S _loss SMe

MSn fragmentation - 1031.5G%) — 831.40('" — 456.24('% — 211.20(" @cid35.00
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Supp. Figure S26: Identification of terminal sialic acid linkage isomers on human transferrin by MS"
analysis. CID MS® spectrum of permethylated di-antennary di-sialylated N-linked glycopeptide N*K™®
from the pronase digest of transferrin showing the presence of both o 2,3 and a 2,6 linked sialic acid

(lithium adducts).
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