Supplementary Information

Direct Glycan Analysis of Biological Samples and Intact Glycoproteins by Integrating Machine Learning
Driven- Surface-Enhanced Raman Scattering (SERS) and Boronic Acid Array

Qiang Hu!, Hung-Jen Wu!-*
I'The Artie McFerrin Department of Chemical Engineering, Texas A&M University, TX 77843, USA

* Email: hjwu@tamu.edu



Table of Contents

SI Figure 1. Chemical structures for chemicals (boronic acids and glycans) used in the paper. ......................

SI Figure 2 Average normalized SERS spectra (n=200) of the unprocessed cow milk sample and the
purified milk oligosaccharides (A), unprocessed goat milk sample and purified oligosaccharides (B), and
unprocessed soy milk sample and purified oligosaccharides (C) on 4MBA functionalized substrates. The
milk oligosaccharides were extracted from milk using Folch method. The spectral difference between

processed and unprocessed samples 1S MINIMAL ......c.eeiiiiieiiieeiiie e e e e v e e eanees

SI Figure 3. The difference between average normalized SERS spectra (n=200) of the unprocessed cow
milk sample and the purified milk oligosaccharides (A), unprocessed goat milk sample and purified
oligosaccharides (B), and unprocessed soy milk sample and purified oligosaccharides (C) on 4AMBA
functionalized substrates. The milk oligosaccharides were extracted from milk using Folch method. The
spectral difference between processed and unprocessed samples is minimal, and the difference between

different Milk tyPes WEIE ODVIOUS. ....ccuiiiuieriiieiieiieeieesiie et eette ettt e ebe et e sae e teessbeesseessseessaesaseenseessseensaessseenns

SI Figure 4. Averaged normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk

on 4MBA functionalized substrates (n=200 for each milk type). ......cccceevvriieriiiieiiieeieeee e

SI Figure 5. Confusion matrix of whole milk classification on 4MBA functionalized substrates (99.9%

ACCUTACY ). +eeeuuteeeuueeenureeeereeeereesnseeesseeessseeessseessseesnseesasseesasseeaaseeeansaeesnseeensseeensseesnsseesnsseesnsaeennsaesnnseesnnseesnnseesnnns

SI Figure 6. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on

ITBA functionalized substrates (n=200 for each milk tyPe)........cccvvreeiiieeiiiieiieeeeee e

SI Figure 7. Confusion matrix of whole milk classification on 1TBA functionalized substrates (99.4%

ACCUTACY ). +eeeuuveeeuteeeuteeenuteeeeteessseeesusteesasteeaaseessseesaseeesaseeesasaeeeaseeeaaseeeanteeenaseeeasteesasseesnseeesnsaeesasaeennseesnnseesnseesanee

SI Figure 8. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on

3MBA functionalized substrates (n=200 for each milk type). ......ccceevvuiieriiiiiiiiieiieeeeee e e

SI Figure 9. Confusion matrix of whole milk classification on 3MBA functionalized substrates (99.0%

ACCUTACY ). 1t uvtenereenteesuteanseenseesaseesseeanseanseeaaseeseeanseanseesaseenseeaaseanseesaseenseeanseenseesaseenseeenseemseesnseenseesaseenseesnseenseenneennne

SI Figure 10. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk

on 4ABA functionalized substrates (n=200 for each Milk tyPe). .......cccuverirriiiinieeiiieiieeieeiie e

SI Figure 11. Confusion matrix of whole milk classification on 4ABA functionalized substrates (98.9%

ACCUTACY ). vveeuveeeaureeessreeassseeasseeassaessseesssasessseeaasseesssesssseeasssseansseesssssesssssesssseansssesnsssesnsssesssssesssssenssesessseenssseensns

SI Figure 12. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk

on PyriBA functionalized substrates (n=200 for each milk type). .......cceveeriiieiiiiiiiiieeieeeee e

SI Figure 13. Confusion matrix of whole milk classification on PyriBA functionalized substrates (99.2%

ACCUTACY ). vveeuveeeaurreensreeassseeasseeasseessseesssseessseeaasseesasseessseeassseesnsseessssssansesenssessnsssssnssessnsssesssssssssesnsseessssessnsseennnes

SI Figure 14. Confusion matrix on collective spectra (4AMBA, 1TBA, 3MBA, 4ABA, PyriBA) of whole

milk classification (10090 ACCUTACY ). ....uieuiiriiiiiieiiieiieeieeiee ettt e ste et e stteebeesebeebeesaaeenbeesseeenseesaeeenseessneenseens

SI Figure 15. Average normalized spectra (n= 200) of fetuin and asialofetuin on 1TBA, 3MBA, 4ABA

and PyriBA functionalized SUDSITALES. ........c.eiiiiieiiiieiiiie ettt te e et e et e e stae e e vaeesnseeesnseesnseeennns

...... 4

...... 5

...... 5

...... 6

...... 6

...... 7

...... 8

...... 8

...... 9

...... 9

....10

....10



SI Figure 16. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction
(B) for AMBA functionalized SUDSIIALE. ........cccviiiiiiieiiie ettt ettt e e siae e e e e e s eeeeeteeeesbeeesaseeessseeennseaens 13

SI Figure 17. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction
(B) for ITBA functionalized SUDSLIALE. ........cc.eviiiiiiiiiieiieie ettt sttt ettt e b e 13

SI Figure 18. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction
(B) for 3MBA functionalized SUDSIIALE. ........cceviiiiiieiiiie ettt et et eesae e e ta e e e e e e e teeessseeessseeesnseeesseeans 14

SI Figure 19. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction
(B) for 4ABA functionalize@d SUDSLIALE. .......cc.eevuiiiiieiiieeiieie ettt ettt ettt e e teestte e bt eseaesbeessaeenseeseneensaens 14

SI Figure 20. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction
(B) for PyriBA functionalized SUDSLIALES. .......cc.eiiiiiiiiiiiieiie ettt ettt st 14

SI Figure 21. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using 4AMBA
(99.5% accuracy) and 1TBA functionalized substrates (93.8% acCCUIacy). ......ccceevveeriienieeriienie et 15

SI Figure 22. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose
(6SLA), and sialic acid with lactose (SA+Lac) on 4MBA and 1TBA functionalized substrates. ........................ 16

SI Figure 23. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using 3SMBA
(100% accuracy) 4ABA (100% accuracy) and PyriBA functionalized substrates (100% accuracy).................... 17

SI Figure 24. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose
(6SLA), and sialic acid with lactose (SA+Lac) on 3MBA, 4ABA, and PyriBA functionalized substrates........... 18

SI Figure 25. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using PyreBA
(96.5% accuracy) HBACM (99.5% accuracy) and BBA functionalized substrates (100% accuracy). ................ 19

SI Figure 26. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose
(6SLA), and sialic acid with lactose (SA+Lac) on 3MBA, 4ABA, and PyriBA functionalized substrates........... 20



i HO. . OH

GH.OH
O, PH HO. __.OH
ho-d OH COOH HOH [ OH B
o/ oH H s
AcHN-- OH OH @
HO
S
OH

SH
NeuS5Ac lactose 4-mercaptophenylboronic acid 1-thianthrenylboronic acid
{4MBA) (1TBA)
HO\ B/OH

OZ/O COOH v

i LA \@ W @ o

2.3 5|alyllactose 3-mercaptophenylboronic acid pyridine-4-boronic acid 4-aminophenylboronic acid
(3SLA) {(3IMBA) (PyriBA) (4ABA)
HO.___.OH
B CH
OH /
AcHN% OH ..oH mfag B
s s H o
2,6 sialyllactose benzo[b]thien-2-ylboronic acid Ppyrene-1-boronic acid  2-(Hydroxymethyl)phenylbo-
(65LA) (BBA) {PyreBA) ronic acid cyclic monoester
(HBACM)

SI Figure 1. Chemical structures for chemicals (boronic acids and glycans) used in the paper.
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SI Figure 2 Average normalized SERS spectra (n=200) of the unprocessed cow milk sample and the purified milk
oligosaccharides (A), unprocessed goat milk sample and purified oligosaccharides (B), and unprocessed soy milk
sample and purified oligosaccharides (C) on 4MBA functionalized substrates. The milk oligosaccharides were
extracted from milk using Folch method. The spectral difference between processed and unprocessed samples is
minimal.
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SI Figure 3. The difference between average normalized SERS spectra (n=200) of the unprocessed cow milk
sample and the purified milk oligosaccharides (A), unprocessed goat milk sample and purified oligosaccharides
(B), and unprocessed soy milk sample and purified oligosaccharides (C) on 4MBA functionalized substrates. The
milk oligosaccharides were extracted from milk using Folch method. The spectral difference between processed
and unprocessed samples is minimal, and the difference between different milk types were obvious.
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SI Figure 4. Averaged normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on 4AMBA
functionalized substrates (n=200 for each milk type).
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SI Figure 5. Confusion matrix of whole milk classification on 4MBA functionalized substrates (99.9% accuracy).
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SI Figure 6. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on 1”TBA
functionalized substrates (n=200 for each milk type).
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SI Figure 7. Confusion matrix of whole milk classification on 1TBA functionalized substrates (99.4% accuracy).



zed
o
o
I

Normal

4006008001000 12001200 1800
Wavenumber (cm™')

SI Figure 8. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on 3SMBA
functionalized substrates (n=200 for each milk type).
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SI Figure 9. Confusion matrix of whole milk classification on 3MBA functionalized substrates (99.0% accuracy).
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SI Figure 10. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on 4ABA
functionalized substrates (n=200 for each milk type).
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SI Figure 11. Confusion matrix of whole milk classification on 4ABA functionalized substrates (98.9% accuracy).
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SI Figure 12. Average normalized spectra of cow milk, goat milk, soy milk, oat milk, and almond milk on PyriBA
functionalized substrates (n=200 for each milk type).
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SI Figure 15. Average normalized spectra (n= 200) of fetuin and asialofetuin on 1TBA, 3MBA, 4ABA and
PyriBA functionalized substrates.
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SI Figure 16. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction (B) for
4MBA functionalized substrate.
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SI Figure 17. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction (B) for
ITBA functionalized substrate.
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SI Figure 18. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction (B) for
3MBA functionalized substrate.
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SI Figure 19. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction (B) for
4ABA functionalized substrate.
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SI Figure 20. Predicted fetuin fraction vs. actual fetuin fraction (A) and residual vs. actual fetuin fraction (B) for
PyriBA functionalized substrates.
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SI Figure 21. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using 4MBA (99.5%
accuracy) and 1TBA functionalized substrates (93.8% accuracy).
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SI Figure 22. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose (6SLA), and
sialic acid with lactose (SA+Lac) on 4MBA and 1TBA functionalized substrates.
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SI Figure 23. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using 3MBA (100%
accuracy) 4ABA (100% accuracy) and PyriBA functionalized substrates (100% accuracy).
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SI Figure 24. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose (6SLA), and
sialic acid with lactose (SA+Lac) on 3SMBA, 4ABA, and PyriBA functionalized substrates.
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SI Figure 25. Confusion matrix for sialic acid linkage case (SA+Lac, 3SLA and 6SLA) using PyreBA (96.5%
accuracy) HBACM (99.5% accuracy) and BBA functionalized substrates (100% accuracy).
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SI Figure 26. Average normalized spectra (n = 200) for 2,3 sialyllactose (3SLA), 2,6 sialyllactose (6SLA), and
sialic acid with lactose (SA+Lac) on 3MBA, 4ABA, and PyriBA functionalized substrates.
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