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Fig. S1. *H NMR (500 MHz, MeOD) of disaccharide a-GIcNAc-(1—3)-Gal synthesized in our
laboratory. § 5.19 (d, J = 1.9 Hz, 1H, H-1"-0), 5.19 (d, J = 3.8 Hz, 1H, H-1’-B), 4.92 (d, J = 3.7,
1H, H-1-a)), 4.50 (d, J = 7.4 Hz, 1H, H-1-B), 4.22 (dd, J = 3.3, 5.9 Hz, 1H, H-2’-a), 4.10 (dd, J =
2.1, 3.5 Hz, 1H, H-3’-a), 4.06 (dd, J = 0.8, 2.6 Hz, 1H, H-2’-B), 4.05-3.96 (m, 4H+2H, H-3’-B,
H-4’-B, H-2-B, H-3-p+H-2-a, H-3-a)), 3.91 (d, J = 3.1 Hz, 1H, H-4-a)), 4.89 (d, J = 3.4 Hz, 1H,
H-4’-a), 3.87-3.83 (m, 4H, H-6a-a, H-6b-0, H-6a’-0, H-6b’-a), 3.79 (d, J = 5.1, H-5’-a), 3.77-
3.72 (m, 4H, H-6-a-B, H-6-b-B, H-6-a’-p, H-6-b’-P), 3.63 (d, J = 3.1 Hz, 1H, H-4-B), 3.58 (d, J =
7.6 Hz, 1H, H-5-a), 3.50 (t, 1H, J = 6.09 Hz, H-5-B), 3.42 (t, J = 9.4 Hz, 1H, H-5-B), 2.03 (s, 3H,
CHs3), 2.01 (s, 3H, CHa)
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Fig. S2. 3C NMR (125 MHz, MeOD) of disaccharide a-GlcNAc-(1—3)-Gal synthesized in our
laboratory. 6 172.64 (C), 102.46 (CH-a), 98.25 (CH-a), 97.68 (CH-B), 94.93 (CH-pB), 94.89 (CH-
B), 93.08 (CH-B), 84.72 (CH-a), 81.85 (CH-a), 80.96 (CH-a), 78.53 (CH-B), 75.53 (CH-B),
75.18 (CH-B), 73.27 (CH-), 72.50 (CH-pB), 72.43 (CH-B), 71.85 (CH-B), 71.55 (CH-a), 71.20
(CH-a), 71.12 (CH-B), 72.92 (CH-B), 70.86 (CH-B), 70.14 (CH-B), 67.54 (CH-B), 66.51 (CH-B),
66.64 (CH-P), 61.54 (CH2-B), 61.43 (CH2-0), 61.31 (CH2-), 61.27 (CHz-0), 54.06 (CH-P), 54.01
(CH-B), 21.60 (CHs-B), 21.44 (CHs-a)
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Fig. S3. Cross-ring dissociation mechanisms of oligosaccharides with Hex at the reducing end.
(A): linear, (B): branched oligosaccharides, according to retro-aldol reaction.
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Fig. S4. Cross-ring dissociation mechanisms of oligosaccharides with HexNAc at the reducing

end. (A): linear, (B): branched oligosaccharides, according to retro-aldol reaction. according to
retro-aldol reaction.
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Fig. S5. Monosaccharide database for the Hex not at the reducing end of oligosaccharide. HPLC
chromatograms and CID spectra of monosaccharide lithium adducts: 187—fragments, and
187—169—fragments. Each anomer was measured immediately after the separation of two
anomers through HPLC. The blue and orange bars surrounding each peak in the chromatograms
represent the period in which the CID spectra were measured. The corresponding spectra are
displayed in blue and orange, respectively. These CID spectra were collected to serve as the
monosaccharide database for the Hex not at the reducing end.

150



(a) CID:189—-169—

1aGle-1-2-(Gle-"0) aGle-1-3-(Gle-"°0) aGle-1—-4-(Gle-"0) aGlc-1—-6-(Gle-"0)
100 91 J 1M1 ] 91 i 91
1 L - ol 151 | 109 109
504 111 45d51 1 139 1 lg7] . 139 1
1 97| 151 97| . 139151
0.6781 97‘ 39‘ 16] | §1 }97L\ | 169 6,78”1‘ L111 | | 160 61781“ 11737 160
| BGle-1-2- (Glc *0) pGlc-1—3-(Gle-""0) pGlc-1—4-(Gle-"0) pGlc-1—6-(Glc-""0)
A 109 111 J 11 | 91 i
100
i 91 109 il 109
151
Sl A P 1 13;51 67 a7h111 7" o7 | 139151
| 139] 97 81 l ] 169 J67 81197 |11
0 j 81 il | 188 81‘11 Kaa  ort i l 169

JoMan-1-»2-(Man-"*0) (xMan-ps-(Man-"O) oMan-1—4-(Man-"0)  |oaMan-1 y6—(Man-‘gO)
9 91

ol 111 i 11 J 1 109 ]
3100 109 o 151 111 151 109
S s 51 47 1 o7 | | ‘ 11 1P
~ - 1 b 1

67 91 lo7 | 138 67 g7 139
2 & L7l 139 165 [ &)%) 13°] 160 ‘ 81‘ TNIREIEY | | 169
§ JpMan-1-»2-(Man-"*0) pMan-1-3-(Man-"*0)  |pMan-1—4-(Man-"*0)  |pMa %11 —8-(Man-"*0)
=

Lo B o1 1 45 109 ] 109
1 151 151
5067 151 Jer - 111 =
-l s1h¥ 139| 1 l a7l 13° I al7l 13 169'67 o7l 13|
I ail 16A9 1 ..Lll 1‘?9 .1 A_.ll l S.WM wtl 1

A

[oGal-1-52-Gal-"0) «Gal-1-3-(Gal-""0) «Gal-1-»4-(Gal-"0) oGal-1-,6-(Gal-"0)

1004 151 ] 151 ] 9337 1 91y
1 97 | ios 01
504 91| 109 81 9109 139 109 151 - .
67 11 139 139
pGal-1 »2-(Ga|-'°0) BGaI-1 »3-(Ga|—'°02_, pGal-1 »4-(Ga|-‘°0) pGal-1-6-(Gal- ‘°0)
Tl 151 ] ] e ] o
| &7 97 97
5076 U1019”139 y 81“ 111 ] Jme w ] " 139151
| o T ] T ol ol o'
. 18 L 1ol 1| [111 T | 189
aGal-1 »3-(Glc-"’0) aGal-1-4-(Gle-"°0) aGal-1-6-(Glc-""0)
100_ 111 ] o ] o
109 - 109 | 100
504 1 1
6781937 {} '3 STar (7| g it 67 81
Al e PRI IR S Dl R (O 0 DR R T
pGal-1—3-(Glc-"°0) pGal-1—4-(Glc-""0) pGal-1-6-(Gle-"*0)
11 91 a1
100+ 109 ] ]
151 - 108
504 139 139151 4 139451
81|97 l 67 g1[97[111 678197444 60
O,I.HJ“ o Vi T A I e i T A
Ll T T T T
100 50 mfz 100 150 100 150
(b) CID:189—169—
a-Gle-""0 3u:1p-Gle-""0 10:1p-Gle-""0 10:3p-Gle-"O B-Gle-"0
100 91 17 ot ] o ] 3 ] @3
1085~ (109 139151 109139151
so4 | 109 : 1 krgilerid ) re1e7i1t | | lezstjontin
67 |97 139151 67&31\5’71“1 16| | | | |1e4) N Whks ‘t L] 11
e O 1 ) J L NI TV T M b LR b
£ FMano  {3pa-Man-*O"  |1pa-Man-O" 1p:3éx-'Man-"o' a-Man-""0
© 1004 91 1 9 1 1 109 1 109 4 1109
-~ 109 109 151
2 sp] 11 151 55 1eq o] 11 151 ] 111 151 it
2 67 130] |67 lo7l 139) 167 |e7] 139] 67 lo7l 130|157 lo7l 139
S olleill Pl Jishd UL Jlewid (] red] b ], 1] 1ed] il 1189
L
£ o-Gal-*0 30:1p-Gal-"0 10:1p-Gal-"O | 10:3p-Gal-"0 | -Gal-°0
ol 178 “aigr 18 b 151 |f 151
Tiw 1709 11 109 97
0%er L 187 Je7 b”msl i ||1”139 1698 M101911139 ;6781 T 139 169
0 | 11169181 A 1§gl§1 L.l 1 ll ‘J.L Lnl 1
100 150 100 150 100 150 100 150 100 150
m/z

Fig. S6. Monosaccharide database for the Hex at the reducing end of oligosaccharide. 20 was
labeled at O1 atom of monosaccharides or the sugar at the reducing end of hexose disaccharides.
(@) CID spectra of lithium adducts: 351—189—169—fragments. In (b), the CID spectra of
lithium adducts: 189—169—fragments of a-Glc-120, -Man-80, a-Gal-180, B-Glc-120, a-Man-
180 and B-Gal-t80 were measured immediately after the separation of two anomers of 20
labeled monosaccharides by HPLC. The other CID spectra were the sum of CID spectra of
separated anomers with different ratios (3:1, 1:1, or 1:3).
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Fig. S7. HPLC chromatograms and CID spectra of HexNAc sodium adducts. The CID spectrum
of each anomer was measured immediately after the separation of two anomers through HPLC.
The blue and pink bars surrounding each peak in the chromatograms represent the period in
which the CID spectra were measured. The corresponding spectra are displayed in blue and pink,
respectively. These CID spectra were collected to serve as the monosaccharide database. The
major difference between GIcNAc and GalNAc is the relative intensities of fragment ions m/z
143, 148, and 196 which are used in spectrum similarity calculations. The method of spectrum
similarity calculations is the same as that of Hex, which was described in our previous reports.
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Fig. S8. Chromatograms of sialylgalactose and CID spectra of sialylgalactose and sialyllactose
using precursor ion of sodium adduct (M+Na®). Two anomeric configurations at the reducing
end of each sialygalactose (3’ sialygalactose or 6’ sialygalactose) which coexisted in nature were
separated by HPLC and then measured the corresponding CID spectra immediately after
separation. The chromatograms are illustrated in (A) and (D), and the corresponding CID spectra
are shown in (B), (C), (E), and (F), respectively. Assignment of anomericity to the CID spectra
was made by comparison to the CID spectra of sialyllactose in (G) and (H). The CID sequence of
sialyllactose, 656—612—450, generate the sodium adduct of a-Sia-(2-x)-B-Gal without COx.
Comparison of (G) to (B) and (C) shows that (C) is a-Sia-(2—3)-B-Gal, and thus the other
spectrum (B) is a-Sia-(2—3)-a-Gal. The analogous method was used to assign the spectra of (E)
and (F), and the CID spectra of sialygalactose using precursor ion of sodium adduct (M-
H*+2Na").
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Fig. S9. Part of disaccharide database. CID spectra of GIcNAc-(1—3)-Gal disaccharide sodium
adducts ((A) and (B)). Chromatograms ((C) and (F)) and CID spectra ((D), (E), (G), (H)) of B-
Gal-(1—4)-GIcNAc and pB-Gal-(1—6)-GIcNAc disaccharide sodium adducts. The difference of
the CID spectra between p-Gal-(1—4)-GIcNAc and B-Gal-(1—6)-GIcNAc is the fragments m/z
328 (only occurs for 1—4 linkage) and 329 (only occurs for 1—6 linkage). These spectra were
used in the structural determination of LSTa and LSTc in this study.
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CID sequences and Oligosaccharide

CID spectra fragment structures structures Notes
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977 o) O
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0 i I A I PR - sl
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1-4 1-6 1-4 and is connected to the
O O=x O
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0 l t | QO V' or V5 % retro-aldol reaction
=t b /2670 ¥ " '
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(C) OO0 Fra i
gment ion m/z 550
pe P - m/z 730
100 L e e T 610 O O) ™! indicates the three sugars,
w J 1-6 which are connected to
$ or the Hex at reducing end,
50 550 []) m/2670 \L1J'\» are connected. Thus, they
388 J 1.4 connect to the Hex at
| | 406 508 |:> ON—O reducing end through 1-4
0 bty @‘G i
linkage.
300 400 500 600 700 m/z 550
(D) 1021 - 730 - 670 - 550 - (Oe] 0 m/z 730 )
o a N\ _M/z670 Fragment ion m/z 406
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¢ j2 580 AL ion m/z 730 is linear.
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so0] 021 T30ERET0% 610 o100 o O0—0—-0-0 Fragment ion m/z 508
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J 1-4 nonreducing end.
50 o0 o 00070
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() SR § Er it S O0-0—©¢ o> O-0-0-0
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O : hexose; @:glucose; Q: galactose;

O : N-acetylhexosamine; B: N acetylglucosamine;
Q@ : dehydration of hexose; ¢7: cross-ring of hexose;
[Z: dehydration of N-acetylhexosamine;

@ : N-acetylneuraminicacid

Fig. S10. Part of the structural analysis of LSTa in step 1(a). Parts of the linkage positions were
determined in this step. Precursor ion m/z 1021 (M+Na") was used in these CID spectra. The
precursor ion (m/z 1021) is the precursor molecule (molecular weight: 998 Da) attached to one
sodium ion, representing an oligosaccharide containing one N-acetylneuraminic acid (Neu5Ac),
three Hexs, and a HexNAc. The CID spectrum of the precursor ion m/z 1021, as illustrated in the
right side of (A), revealed that the major fragment was ion m/z 730, representing the loss of
Neu5Ac from the precursor ion. Observation of the ion m/z 730 indicates that Neu5Ac is neither
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between two Hexs nor between Hex and HexNAc. The CID sequence and structures of important
fragments are illustrated in the middle part of (A), and the possible oligosaccharide structures
derived from the fragments are illustrated in the left side of (A). The orange circle around three
Hexs and one HexNAc in the middle part of (A) indicates that the glycosidic bonds between
these four sugars had not been determined. The CID spectrum of tetrasaccharide ion m/z 730 is
illustrated in the left part of (B). lon m/z 670 represents the fragments produced from the cross-
ring dissociation (%2A, loss of neutral m = 60 Da) of the Hex at the reducing end of the
tetrasaccharide ion m/z 730, suggesting that the Hex at the reducing end of ion m/z 730 was
connected to the other three sugars [two Hexs and one HexNAc, circled in red in (B)] through
one glycosidic bond with a 1—4 linkage or through two glycosidic bonds with 1—4 and 1—»6
linkages. Possible structures of these fragments are illustrated in the middle part of (B), and the
possible tetrasaccharide structures derived from these fragments are illustrated in the right part of
(B). In the CID spectrum of 1021—730—670—fragments [the left part of (C)], the fragment ion
m/z 550 suggested that the Hex at the reducing end of tetrasaccharide ion m/z 730 was connected
to the other three sugars through one glycosidic bond with the 1—4 linkage. The possible
oligosaccharide structure is illustrated in the right part of (C). The CID spectrum of
1021—-730—670—550—fragments is displayed in the left part of (D). The fragment ion m/z 406
represents a disaccharide consisting of a Hex and a HexNAc. The observation of this ion
indicates the ion m/z 730 is linear and a disaccharide with Hex-HexNAc or HexNAc-Hex is
located at the terminal nonreducing end. Fragment ion m/z 508 in (E) indicates a Hex at the
terminal nonreducing end of the ion m/z 730.
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CID sequences and

Oligosaccharide

CID spectra fragment structures structures Notes
(A) 14 g )
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139 459 OIO m/z 351 14 hexose at the reducing
18
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' @ m/z169 Glc(86), Man(85), Gal(66),
il 1 ¥ indicating it is glucose.
0 100 Compared to database E> .
(B) 1-4 0 Fragment ion m/z 187 is
1013 > 715 - 361 - 187 - 169 - ¢+011H0@ 1013 the hexose at center.
100 151 O_Dio_.ls m/z 716 Intensities of ions m/z
o 127 d s s 14 151>m/z 91 indicate O1
o 133 E> OI. m/z 351 I:>O—D—(J)—.m and O2 are in trans
111 09 ) )
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67 128 "
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L UL v a-Man(47), p-Gal(96),
0
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(€)
1013->716—>372->187->169—> ’ +O—D—(5—. m/z 1013 hexose at nonreducing
100 151 O_Dio_.ls m/z 716 end. Intensities of ions
¥ m/z 151>m/z 91 indicate
O1Z mfz372 B B-1-4 g 01 and 02 .
v an arein trans
s0] & T E> O m/z187 E> configuration. Scores of
112213 ¥ spectrum similarity
67 91} ﬂg I 160 @ m/z169 calculations are B-Glc(69),
ol A ¥ B- a-Man(44), B-Gal(99),
100 150 Compared to database I:> O indicating it is p-Gal.
B-1-4
(D)rozz =730 > do6 > 204 > 228 ¢ +O—|:}—O—.1B m/z 1043 Fragment ion m/z 244
80 B B-14 18 represents the HexNAc.
m/z 732 Scores of spectrum
ik B-1-4 1g similarity calculations are
40 5 O meas O—I—O—. GIcNAC(99) GalNAc(44).
|
148 O m/z244
0 124 193, 1
100 150 m/z 200 250 Compared to database 5 [l

Fig. S11. Structural analysis of LSTa in step 1(b) and 1(c). Stereoisomers and parts of the

anomericities were determined in these steps. Precursor ion m/z 1013 (M+Li*) was used in (A)-
(D) and precursor ion m/z 1043 (M+2Na*-H") was used in (D). The selected Hexs were produced

from the special sequences of CID of 0-labelled glycan, as displayed in the middle of each

subfigure. The corresponding CID spectra, as illustrated in the left part (A)-(C), were compared

to the CID spectra in our Hex monosaccharide database in Figure S5 and S6 in Supplementary

Information for structural identification. The monosaccharides were identified as Glc, 3-Gal, and

[-Gal for the Hexs at the reducing end, middle, and terminal nonreducing end of the

tetrasaccharide, respectively. Comparing the CID spectrum in (D) and HexNAc monosaccharide
database indicates the HexNAc is GIcNAc.
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CID sequences and

Oligosaccharide

CID spectra fragment structures structures Notes
(A) p p-1-4 5 lon intensity m/z 316 >
1043 731~ 670508 - 406 > . m/z 730 m/z 364 indicates linkage
100 88 O—l-O—@ m/z670 is 1-3. Comparison to
{ E> m&;ﬂ spectra of B-GlcNAc-1-3-
50 - E> B—CO—@ m/z508 B-Gal and ot-GlcNAc-1-3-
203 ) (3-Gal in Figure S9
| 244 3163‘;6 .IO m/z 406 p-1-3 suggests the disaccharide
0 1 —— T T is B- -1-3-B-
200 300 200 Compared to database E> B0 is B-GlcNAc-1-3-B-Gal.
(8) O—l—0O—@ miz730
1021-730-670-550-406- \ No fragment ion m/z 305
100 226 O—B—O—@ m/2670 i:dicates t/he linkage of
3-1-3 B-1-3 B-1-4 the ionm/z 406 is 1-3.
i 2 ou D 6--0-e
50 O——QR m/z550
44 1’
o | 388 O—l m/z406
100 200 300 400 v
(C) [M021 =077 = o+ f-1-3 B-1-3 p-1-4 lon m/z 635 indicates
100 917 ¥ m/z 1021 sialic acid is connected
0 *O—'—O—. to HexNAc or the Hex
m/z 977 which is next to HexNAc.
50 635 167 lose ._i B-1-3 B-1-3 B-1-4 lon m/z 450 indicates
53 m/Z 535 sialic acid is connected
ot Ll L
400 600 800 1000 and @—Q m/z450
) RS oo or Fragment lon m/z 450
- l m/z977 indicates sialic acid is
100 connected the Hex at
779 :
m/le? the termn_\al
50 450 nonreducing end.
653 |:> B-1-3 p-1-3 p-1-4
L0 3 wwi E>?HH
Ottt LU L
300400 500 600700 800 @—0O m/zas0
() 1021 - 977 - 450 > lon m/z 450 is Gal-Sia
100 432 without COZ
Comparing this CID
|::> /21021 B-1-3 p-1-3 B-1-4  spectrum to the CID
50 spectra in Figure 5(D)
390 G : m/z 450 E:> a-2-3 and 5(F) suggests the
270 380 |41 linkage is ¢t-2-3
0 —— == Compared to database '
200 300 400 500 P = 2_2?
(F) Moz 516 - lon m/z 516 is Gal-Sia
336 which H* in COOH is
100 2_._0_. O_._?_. replaced by Na*.
/21043 3-1-3 -1-3 p-1-4 Comparing this CID
50 54 ' 0 spectrum to the CID
m/z 516 E>2“'2'3 spectra in Figure 5(C)
456 v
0 404 | dto datab I:[) and 5(E) suggests the
e e e e e e e e e Compared to database ; e gD
200 300 400 500 0-2-3 linkage is 0-2-3.

Fig. S12. Part of the structural analysis of LSTa in step 1(a) and step 2. (A) and (B): Parts of the
linkage positions and anomericities were determined in this step. (C)-(F): Structural analysis of

LSTa in step 2. Precursor ions m/z 1021 (M+Na") was used to determine the linkage of sialic
acid in (C)-(E), and precursor ions m/z 1043 (M+2Na*-H") was used in (F) to double check the

linkage of sialic acid. lon m/z 406 produced according to the CID sequence in (A) represents the

disaccharide HexNAc-Hex at the center of the tetrasaccharide ion m/z 730. lon m/z 316 in the

CID spectrum of ion m/z 406 in (A) indicates the linkage is 1—3. Comparing the CID spectrum

in (A) and GIcNAc-(1—3)-Gal disaccharide database indicates it is B-GIcNAc-(1—3)-Gal. lon
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m/z 406 produced according to the CID sequence in (B) represents the disaccharide Hex-
HexNACc at the terminal nonreducing end. lon m/z 305 not observed in CID spectrum of (B)
suggest the disaccharide Hex-HexNAc at the terminal nonreducing end has a 1—3 linkage. lon
m/z 977 in (C) is the loss of CO> from the carboxylic group of precursor ion m/z 1021. lon m/z
635 in (C) indicates sialic acid is not connected to the hexose at the reducing end. lon m/z 450 in
(C) indicates sialic acid is connected to the hexose. lon m/z 450 in (D) indicates sialic acid is
connected to the Hex at the terminal nonreducing end. Comparison of the CID spectrum of ion
m/z 450 in (D) and sialic acid—galactose disaccharide database suggests the linkage is o-2—3.
The linkage of sialic acid—galactose was double checked using the other sialic acid-galactose
disaccharide, ion m/z 516, produced from the other precursor ion m/z 1043. Comparison of the
CID spectrum of ion m/z 516 in (D) and sialic acid—galactose disaccharide database suggests the
linkage is a-2—3.
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CID sequences and Oligosaccharide

300  400m/,500 600

CID spectra fragment structures structures Notes
(A) Fragment ion m/z 730
- represents the loss o
1021 o ts the loss of
100 730 0© 1091 sialic acid, indicating the
I:> m/z sialic acid is not
Y connected between two
% 00 O E>’—‘O o 0 Hexs or between Hex and
a77 m/z 730 O HexNAc.
o 680 |
400 600 800 1000
(B) 00 0o Fragment ions m/z 712
1021 = 730 - D m/z 730 and m/z 670 indicates a
100 388 550 Hex is at reducing end,
1- 4 ON-E 1-4 and is connected to the
O C O
” 265 670 I$ % or a. % O other three sugars
406 568 m/z 712 through 1-4 or (1-4, 1-6)
oL | J o 7]2 . 1- 4 A . ' or 2 . :—intk,-ag.efé alcrcordtiingnto
300 400 500 600 700 rn/z 570 b & fetro-aidol reaction.
() i
1021 730 - 670 » (0N 6] D O miz730 Fragment ion m/z 550
810 indicates the three sugars,
100 e which are connected to
" the Hex at reducing end,
3ge /z 6?0 o
50 550 are connected. Thus, they
406 connect to the Hex at
305 508 |:> reducing end through 1-4
Ots A L ; a 3 linkage.
300 400 500 600 m/z 550
(D) OO0 O m/z 730
1021 - 730 - 670 - 550 - N m/z 670 Fragment ion m/z 406
100 388 indicates tetrasaccharide
ion m/z 730 is linear.
|:> m/z 550 Ps /
o400
406 Qr
O oavoo 77
300 400 500 o O0—-0—-0—-0
m/z 406
(E) — 1-4 1-4
10212730 = 670 o100 o 0000 Fragment ion m/z 508
100 610 m/z 730 suggests a Hex is at the
J 1.4 nonreducing end.
e OO0 o O-0-0—
50 550 E:> ‘Lm/z 670
406
305 | 508 ’ {
Ol . e

O : hexose; @:glucose; Q: galactose;
O : N-acetylhexosamine; B: N acetylglucosamine;
Q@ : dehydration of hexose; ¢Z: cross-ring of hexose;
[ : dehydration of N-acetylhexosamine;

¢:

N-acetylneuraminic acid

Fig. S13. Part of the structural analysis of LSTc in step 1(a). Parts of the linkage positions were

determined in this step. The precursor ion (m/z 1021) is the precursor molecule (molecular

weight: 998 Da) attached to one sodium ion, representing an oligosaccharide containing one N-
acetylneuraminic acid (Neu5Ac), three Hexs, and a HexNAc. The CID spectrum of the precursor
ion m/z 1021, as illustrated in the right side of (A), revealed that the major fragment was ion m/z

730, representing the loss of NeuSAc from the precursor ion. Observation of the ion m/z 730
indicates that Neu5Ac is neither between two Hexs nor between Hex and HexNAc. The CID

sequence and structures of important fragments are illustrated in the middle part of (A), and the
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possible oligosaccharide structures derived from the fragments are illustrated in the left side of
(A). The orange circle around three Hexs and one HexNAc in the middle part of (A) indicates
that the glycosidic bonds between these four sugars had not been determined. The CID spectrum
of tetrasaccharide ion m/z 730 is illustrated in the left part of (B). lon m/z 670 represents the
fragments produced from the cross-ring dissociation (A, loss of neutral m = 60 Da) of the Hex
at the reducing end of the tetrasaccharide ion m/z 730, suggesting that the Hex at the reducing
end of ion m/z 730 was connected to the other three sugars [two Hexs and one HexNAc, circled
in red in (B)] through one glycosidic bond with a 1—4 linkage or through two glycosidic bonds
with 1—4 and 1—6 linkages. Possible structures of these fragments are illustrated in the middle
part of (B), and the possible tetrasaccharide structures derived from these fragments are
illustrated in the right part of (B). In the CID spectrum of 1021—730—670—fragments [the left
part of (C)], the fragment ion m/z 550 suggested that the Hex at the reducing end of
tetrasaccharide ion m/z 730 was connected to the other three sugars through one glycosidic bond
with the 1—4 linkage. The possible oligosaccharide structure is illustrated in the right part of (C).
The CID spectrum of 1021—730—670—550—fragments is displayed in the left part of (D). The
fragment ion m/z 406 represents a disaccharide consisting of a Hex and a HexNAc. The
observation of this ion indicates the ion m/z 730 is linear and a disaccharide with Hex-HexNAc
or HexNAc-Hex is located at the terminal nonreducing end. Fragment ion m/z 508 in (E)
indicates a Hex is located at the terminal nonreducing end of the ion m/z 730.
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CID sequences and

Oligosaccharide

100 150,200 250

Compared to database I:> .

CID spectra fragment structures structures Notes
(A) 1013 > 716 - 351 > 189 > 169 — st .
0+O—D—O—O m/z 1013 Fragment ion m/z 189
1004 &7 o1 O_E'_’l"o_ols m/z 716 produced from this CID
151 Vs sequence represents the
OO0 m/pz331 1-4 hexose at the reducing
50 o7 110191 e |:> ém m/z 189 [:> ()—D—O—.18 end. Scores of spectrum
79 121 160 ¥ similarity calculations are
81 @ m/z169 Glc(84), Man(78), Gal(75),|
¥ indicating it is glucose.
Compared to database E> .
(B) 1-4_1a Fragment ion m/z 187 is
1013716 »351-187>169 » | @ +O—L1HO—@ 12 1013 the hexose at the center.
100 151 O_Dio_.w m/z 716 Intensities of ions m/z
d s 151>m/z 91 indicate O1
y E> OI. mfz st et and 02 are in trans
50 81 9913 og121 139 O mpz1s7 configuration. Scores of
o5 111123 169 ¥ spectrum similarity
517 M I 1T3 i (E m/z 169 calcula;ior)ls greﬁ‘ilez)(BS),
[ - i | o-Man(47), B-Gal(95),
0 100 150 Compared to database I:> B-O indicating it is B-Gal.
3-1-4 18 Fragment ion m/z 187 is
(C) [Mo13= 716 =372 =187 =168 > Py +O—EI—(1)—. mfz 1013 e e
100 151 O—Dio—.w m/z 716 end. Intensities of ions
81 ¥ m/z 151>m/z 91 indicate
o7 |:> OIK m/z372 E> g 214 18 01and 02 are in trans
50167 93 1M 139 O m/z187 configuration. Scores of
o011 109121 o ¥ spectrum similarity
L M Il L o ] (43, m/fz 169 caIcuIaFDr; are B-Ictslc()s.f»),
0 . b L - a-Man(37), 3-Gal(94),
100 150 Comparedto database £ PO indicating it [|35 B-Gal.
(D) [1023 > 732 -+ 406 ~ 244 - ¢ +(ﬁ)—| I—(ﬁ)—.1 o m/z 1023 Fragment ion m/z 244
100 226 B ¥ B-1-4 13 represents the HexNAc.
m/z 732 Scores of spectrum
| B p-1-4 15 similarity calculations
50 I:> O— m/z 406 E{} are GIcNAc (98)
148 A GalNAc(41).
196
0 124143 157184 208 Ol mie2ae

Fig. S14. Part of the structural analysis of LSTc in step 1(b) and 1(c). Stereoisomers and parts of

the anomericities were determined in these steps. The selected Hexs were produced from the
special sequences of CID of 80-labelled glycan, as displayed in the middle of each subfigure.
The corresponding CID spectra, as illustrated in the left part (A)-(C), were compared to CID

spectra in our Hex monosaccharide database in Figure S5 and S6 in Supplementary Information

for structural identification. The monosaccharides were identified as Glc, 3-Gal, and -Gal for
the Hexs at the reducing end, middle, and terminal nonreducing end of the tetrasaccharide,
respectively. Comparing the CID spectrum in (D) and the HexNAc monosaccharide database

indicates the HexNAc is GIcNAC.
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CID sequences and

Oligosaccharide

CID spectra fragment structures structures Notes
(A) 3 3-1-4 Intensities of ion m/z 316
"[1021 > 730 - 670 > 508 - 406 - m/z730 >ion m/z 364 indicates
100 388 v /2670 the linkage is 1-3.
E> O .¢O v wiz p-1-3, p-14 Comparison to the
B-O—¢ m/2508 spectra of B-GIcNAc-1-3-
901 565 244 l fB-Gal and a-GlcNAc-1-3-
226 316346 B m/z406 -Gal in Figure S9
0 o 14 2?6| | ) V p-1-3 suggests the disaccharide
200 300 400 Compared to database ) QO is B-GIcNAc-1-3--Gal.
(B) PSS g m/2 730 Fragment ion m/z 305
1021730 = 670 = 550 = 40‘;;8 ! indicates the linkage of
100 OO m/z670 the ion m/z 406 is 1-4 or
xia E> ¢ [-1-4 B-1-3 B-1-4 1.6 linkage. Fragment ion
50 328 O——Q@ m/2550 E> m/z 328 indicates the
226 s | ! linkage is 1-4 by
203 244 3(1) O— /2406 comparison to database
260 360 400 i in Figure S9.
(C) ’ +O_._O_‘ p-1-4 p-1-3 p-1-4 m/z 977 is the loss of
1021 -» 977 > ! m/z 1021 CO, (m=44) from the
100 635 917 o carboxylic group of sialic
@ -O0800 B-1-4 B-1-3 B-14 _ . - X
m/2977 acid in precursor ion m/z
730 E> v : . i S 1021. Fragment ion m/z
% 797 m/z 635 635 indicates sialic acid is
653 959 [;14|s13[s1
388 450 550 I. ; | connected to HexNAc or
[} v e | | A Lol the Hex which is next to
400 600 800 HexNAc.
(D) e Fragment ion m/z 450
MZL 2T indicates sialic acid is
635
100 m/z 977 §-1-4 p-1-3 p-1-4 connected. to Hex.
Fragment ion m/z 552
50 E> ._2 ¢ I indicates ion m/z 653
406 450 552 O_z has a HexNAc at the
3%8' 432 m/z 653 reducing end.
0 =t T - —
400 500 600 @—O m/za50 6—( > m/z2552
(E) Foss 5516 lon m/z 516 is Gal-Sia
i 456 | I which H*in COOH is
m/z1043 replaced by Na*.
336 f3-1-4 [-1-3 -1-4 Comparing this CID
50 426 |$ ’_O’“/Z 516 E> spectrum to the CID
o-2-6 . Y
Lais spectra in Figure 5(C)
396
01— T I y Compared to database C>’—O and 5(E) suggests the
300 409“/z 500 0-2-6 linkage is a-2-6.

Fig. S15. Part of the structural analysis of LSTc in step 1(a) and step 2. (A) and (B): Parts of the
linkage positions and anomericities were determined in this step. (C)-(E): Structural analysis of

LSTc in step 2. Linkage of sialic acid was determined in this step. lon m/z 406 produced

according to the CID sequence in (A) represents the disaccharide HexNAc-Hex at the center of
ion m/z 730. lon m/z 316 in the CID spectrum of ion m/z 406 in (A) indicates the linkage is 1—3.
Comparing the CID spectrum in (A) and GIcNAc-(1—3)-Gal disaccharide database indicates it
is B-GIcNAc-(1—3)-Gal. lon m/z 406 produced according to the CID sequence in (B) represents

the disaccharide Hex-HexNAc at the terminal nonreducing end. lons m/z 305 and 328 in CID

spectrum of (B) suggest the disaccharide Hex-HexNAc at non-reducing end has a 1—4 linkage.
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lon m/z 977 in (C) is the loss of CO from the carboxylic group of precursor ion m/z 1021. lon
m/z 635 in (C) indicates sialic acid is not connected to the hexose at the reducing end. lon m/z
450 in (D) indicates sialic acid is connected to a hexose. lon m/z 552 in (D) represent the loss of
neutral m=101, indicating ion m/z 653 in (D) has a HexNAc at the reducing end. Consequently,
sialic acid is determined to connect to the hex at the terminal nonreducing end. Comparing the
CID spectrum in (E) to the CID spectra of sialic acid-galactose disaccharide database suggests

the linkage is a-2—6.
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CID sequences and

Oligosaccharide

CID spectra fragment structures structures Notes
(A) 1-3 14 14 o
¢ m/z 1013 lon m/z 189 produced
1015571633613 185 1605 i 18 from this CID sequence
00 9 O_D_'LO_O m/z 716 represents the hexose
00" m/z351 13 1-4 1-4 at the reducing end.
|:> ¥ C> ' Scores of spectrum
018 m/z 189 similarity calculations
¥ are Glc(87), Man(82),
@ m/z169 Gal(67), indicating it is

¥
Compared to database I:} (]

glucose.

\
Compared to database l:> [5-0

(B) 13 14 14 .. lon m/z 187 is the
[10135716-351>187-169- L 2 ? O—@ m/z1013 hexose at the center.
100/ 151 O_D_O_.IS m/z 716 Intensities of i.on§ m/z
o7 Vs 151 > m/z 91 indicate
93 109 $ O—@ mi3si I:) 1-3 14 -14 13 01 and 02 arein trans
81 ) c'l') /2187 configuration. Scores of
9 121 138 1 miz spectrum similarity
@ m/z169 calculations are j3-

Glc(63), a-Man(45),

50 100 150 and B-Gal(93).
(€) . . 1-3 1-4 p-1-4 13/ ons Fragment ion m/z 187
10135716-372-187169- O F O—@m: produced from this CID
100+ 151 O_D_o_.lg m/z 716 sequence represents
81 ¥ mf2 372 813 14 P14 the hexos.e at the
o7 111 139 Ii) Ollz 18 nonreducing end.
50/ 67 of 1t O m/z187 Scores of spectrum
63 13 1 similarity calculations
@ m/z169 are [3-Glc(71), a-
0 A8 —tt ! Man(44), and B-Gal(99).
50 100 150 Compared to database 5 B-O
(D). B-1-3 1-4 p-1-4
1043 -730 - 406 - 244 - m/z 730 Fragment ion m/z 244
10{ represents the HexNAc.
O—{1 m/z406 [-1-3 1-4 -1-4  Scores of spectrum
|$ i C> similarity calculations
O m/z244 are GalNAc(93)
e 196 GlcNAC(48).
| “ j | 208 Compared to database = [J
oA (B D
150 200 250 M/2

Fig. S16. Structural analysis of GM1a in step 1(b) and 1(c). (A)-(C): Lithium adducts of the 80
labeled precursor ion m/z 1013 (M+2Li*-H") was used in step 1(b). The Hexs at the reducing end,
middle, and terminal nonreducing end were generated through the CID sequences illustrated in
the middle parts of (A), (B), and (C), respectively. A comparison of the CID spectra to the CID
spectra in the monosaccharide database (Supporting Information) revealed that they were Glc, -
Gal, and B-Gal. The spectrum similarity scores are shown in the parentheses. (D): Sodium
adducts of precursor ion m/z 1043 was used in step 1(c). A comparison of the CID spectra to the
CID spectra in the monosaccharide database (Supporting Information) revealed that it was
GalNAc.
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CID sequences and

Oligosaccharide

CID spectra fragment structures structures Notes
(@) 00 5 . Fragment ion m/z 730
- 730 o ’O OO r.e:p.reselr\ts .tht.e Ios.s of
) O 21083 sialic acid, indicating the
E> ’J sialic acid is connected
50 677 ; neither between two
404 632 00 O [:>0—O ODO Hexs nor between Hex
540 883 m/z730 ~— and HexNAc.
0L.388 A 863|, |
400 600 800 1000
(b) 00 O Fragment ions m/z 712
1045242002 : m/z730 and m/z 670 indicates a
100 388 Hex is at reducing end,
O\ 1-6 1-4 and is connected to the
50 E> ' ( other three sugars
347 s8 670 "‘/1 712 1 , = through 1-4 or (1-4, 1-6)
oLsos 3? 550 | 712 16 linkages, according to
retro-aldol reaction.
300 400 500 600 700 m/l 670
(c) S ) Fragment ion m/z 568
1043 - 730 712 00 O m/z730 indicates the three
100 388 sugars, which are
I$ 1 6 connected to the Hex at
‘_‘m/z 712 reducing end, are
50 568 682 connected. Thus, they
347 ¥ A0 %~ connect to the Hex at
0 L1 53 i = m/z 568 $ : reducing end through 1-4
300 400 500 600 700 linkage.
(d)‘ 1043 - 730 > 712 - 568 - o % (6] iz 130 .Fra.gment.ion m/z 508
= indicates ion m/z 568 has
1004 358 O 1‘4 a Hex at the reducing
E> / 1-4 1-4_ end, and it connects to
50! i 5 m/2712 ®_O_O the other two sugars
E> o through 1-4 or (1-4, 1-6)
‘226 06 508 1-6_1-4_ linkages, according to
0 L (@—0 <®;7 %—O retro-aldol reaction.
200 300 400 500 600 m/z 508 C 2
(e) Fragment ion m/z 388
o2 S om = m/z 568 suggests two sugars, which
100 388 connect to the Hex at
(@—0 @ reducing end of ion m/z 568,
m/z 50 1-4_1-4_ are connected, thus they are
S0 connected to Hex through 1-4
s b or 07%88 linkage. Fragment ion m/z
ol 286 36 | 431| 479 g, T 346 indicates HexNAc is NOT
300 400 500 and [—@ m/2346 at the nonreducing end.
(f) PR - O—Dl-—aoljo m/2730 Fragment ion m/z 406
388 v represents the disaccharide
O—L1-O—¢ m/z670 at the nonreducing end. No
E> it E> 1-3 14 14 _ fragment ion m/z 305
203 244 O—L1F@ m/z550 o400 indicates it has 1-3 linkage,
226 J according to retro-aldol
%3| I O—1 m/z406 reaction. This CID spectrum is
500 250300350400 i also used in step 1(c).

O: hexose; [: N-acetylhexosamine; @ : dehydration of hexose; : cross-ring of hexose;
[X: dehydration of N-acetylhexosamine

Fig. S17. Structural analysis of GM1a in step 1(a), analogous to the steps in Figure 3 for GM1b.
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