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1. Supplementary schemes and figures

Scheme S1. PNGase-F digestion of 14a and 22c.

Scheme S2. Synthesis of 22a-c
A) Synthesis of 22a

B) Synthesis of 22b

C) Synthesis of 22c
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Scheme S3. Synthesis of 22d-f
A) Synthesis of 22d

B) Synthesis of 22e

C) Synthesis of 22f

Scheme S4. Synthesis of 23-25
A) Synthesis of 23

B) Synthesis of 24

C) Synthesis of 25
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Figure S1. SDS-PAGE of glycoengineered Herceptin 7a-d. Lane 0: Marker, Lane 1: Mixture of
commercial Herceptin and Herceptin-Fuc1,6GlcNAc (6), Lane 2: Herceptin-Fuc1,6GlcNAc (6),
Lane 3: S2G2F-Herceptin (7a), Lane 4: G2F-Herceptin (7b), Lane 5: G0F-Herceptin (7c), Lane 6:
M3F-Herceptin (7d).

Figure S2. SDS-PAGE and LCMS profile of one-pot transglycosylation of

(Fuc1,6)GlcNAc-Herceptin (6) with oxazoline 2. A) SDS-PAGE of transglycosylation

monitoring. B) Charged mass spectrum (m/z) of glycoengineered Herceptin 7a. C) Deconvoluted

mass spectrum of 7a.
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Figure S3. LCMS profile of glycoengineered Herceptin 7b. A) The charged m/z spectrum of 7b,

and B) The deconvoluted spectrum of 7b.
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Figure S4. LCMS profile of glycoengineered Herceptin 7c. A) The charged m/z spectrum of 7c,

and B) The deconvoluted spectrum of 7c.

Figure S5. LCMS profile of glycoengineered Herceptin 7d. A) The charged m/z spectrum of 7d,

and B) The deconvoluted spectrum of 7d.
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Figure S6. The SDS-PAGE analysis of non-enzymatic reaction of Herceptin-Fuc1,6GlcNAc (6)

and oxazoline 2.

Figure S7. LCMS and SDS-PAGE profile of glycoengineered Herceptin 14a. A) The charged m/z

spectrum of 14a, B) SDS-PAGE monitoring on one-pot glycosylation of 11a and 6, C) The

deconvoluted spectrum of 14a.
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Figure S8. LCMS and SDS-PAGE profile of glycoengineered Herceptin 14b. A) The charged m/z

spectrum of 14b, B) SDS-PAGE monitoring on one-pot glycosylation of 11b and 6, C) The

deconvoluted spectrum of 14b.
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Figure S9. LCMS and SDS-PAGE profile of glycoengineered Herceptin 14c. A) The charged m/z

spectrum of 14c, B) SDS-PAGE monitoring on one-pot glycosylation of 11c and 6, C) The

deconvoluted spectrum of 14c.

Figure S10. LCMS and SDS-PAGE profile of glycoengineered Herceptin 14d. A) The charged

m/z spectrum of 14d, B) SDS-PAGE monitoring on one-pot glycosylation of 11d and 6, C) The

deconvoluted spectrum of 14d.
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Figure S11. LCMS and SDS-PAGE profile of glycoengineered Herceptin 14e. A) The charged m/z

spectrum of 14e, B) SDS-PAGE monitoring on one-pot glycosylation of 11e and 6, C) The

deconvoluted spectrum of 14e.
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Figure S12. SDS-PAGE and MS profile of Cy5 labeling reaction with Herceptin and BSA. A)
SDS-PAGE profile of glycosite-specific Cy5-labeled Herceptin 22f stained by Fluorescence (Left)
and Coomassie brilliant blue (Right). Lane 0: marker, Lane 1: Herceptin-FucGlcNAc, Lane 2:
14a, Lane 3: 22f. B) SDS-PAGE profile of random labeling of Cy5 on commercial Herceptin and
BSA stained by Fluorescence (Left) and Coomassie brilliant blue (Right). Lane 0: marker, Lane 1:
commercial Herceptin, Lane 2: Cy5-labeled Herceptin, Lane 3: BSA, Lane 4: Cy5-labeled BSA. C)
The LCMS profile of site-specific Cy5-labeled Herceptin 22f. The insert box is the deconvoluted
mass spectrum of 22f.
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Figure S13. LCMS spectra of synthesized T-DM1 (A) and T-MMAE (B).
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2. Synthesis of divergent functionalized SGPs

Extraction and purification of sialylglycopeptide (SGP, 1) from egg yolk

Isolation and purification procedure of the sialylglycopeptide (SGP) was based on our
preliminary study.
Briefly, the lyophilized egg yolk powder (1.2 Kg) was washed with methyl tertiary butyl ether

(4 L, twice) and 70% acetone (4 L, twice) respectively. The 40% acetone (4 L x 2) solution was
combined and concentrated to a small volume before subjected to the active carbon/celite (1:1)
column which had been pre-washed with 50% acetonitrile and the following pure water. The
column was eluted with pure water, 5% acetonitrile solution, 10% acetonitrile solution, 20%
acetonitrile and 30% acetonitrile respectively. The 20% acetonitrile part which containing the
corresponding product SGP indicated by HPLC and LCMS was concentrated to a small volume
before subjected to Sephadex G-25 gel column. The column was eluted with 0.1 M acetate acid
solution and the fractions containing the products was combined and lyophilized to get a white
powder. Finally, the white powder was further purified with preparative RP-HPLC preparative
column and the corresponding product was gathered and lyophilized to get a white powder (1.1 g).

Figure S14. HPLC and HRMS profiles (HPLC method B) of SGP (marked with *) extraction and

purification. (a) Crude solution after 40% acetone extraction. (b) Crude 20% acetonitrile solution



S14

after active carbon extraction. (c) Pure SGP after Sephadex G-25 and preparative RP-HPLC

column purification. (d) HRMS profile of pure SGP. The corresponding multiple charged peaks of

SGP has been labeled above the peaks. Calcd for [M+4H]4+ 717.0501, found 717.0444; [M+3H]3+

955.7308, found 955.7259; [M+2H]2+ 1433.0923, found 1433.0880.

Oxidation of SGP to give aldehyde-SGP (8)

Figure S15. HPLC and HRMS profiles (HPLC method B) of the SGP oxidation reaction. a) The

reaction was monitored by RP-HPLC at 15 min. The oxidative SGP was marked with # above the

peak. b) The HRMS data of the corresponding peak in figure a. The multiple charged peak has

been marked.

Synthesis of different functionalized SGPs with 10a-d.

Synthesis of azido-SGP with O-(2-azidoethyl) hydroxylamine hydrochloride (10a) to give
11a.
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Figure S16. HPLC and LCMS profiles (HPLC method B) of CHO-SGP 8 and

O-(2-propynyl)-hydroxylamine hydrochloride 10a reaction. a) Aliquots removed from reaction

mixture at 2 hour. The corresponding product was labeled with *. b) The HPLC profile of the

product after preparative column purification. The insert is the HRMS profile of pure product.

Synthesis of azido-SGP with 2-Aminooxy-N-(3-azidopropyl)acetamide (10c) to give 11c

Figure S17. HPLC and LCMS profiles (HPLC method B) of CHO-SGP 8 and
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O-(2-propynyl)-hydroxylamine hydrochloride 10c reaction. a) The samples removed from reaction

mixture at 2 hour. The corresponding product was labeled with *. b) The HPLC profile of the

product after preparative column purification. The insert is the HRMS profile of pure product.

Synthesis of alkyne-SGP with 2-azanyloxy-N-prop-2-ynyl-ethanamide trifluoroacetic acid
salt (10d) to give 11d

Figure S18. HPLC and LCMS profiles (HPLC method B) of CHO-SGP 7 andM4 reaction. a) The

samples removed from reaction mixture at 2 hour. The corresponding product was labeled with *.

b) The HPLC profile of the product after preparative column purification. The insert is the HRMS

profile of pure product.

Synthesis of alkyne-SGP with O-(2-propynyl)-hydroxylamine hydrochloride (10b) to give 11e
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Figure S19. HPLC and LCMS profiles (HPLC method B) of CHO-SGP 8 and

O-(2-propynyl)-hydroxylamine hydrochloride 10b reaction. a) The samples removed from

reaction mixture at 2 hour. The corresponding product was labeled with *. b) The HPLC profile of

the product after preparative column purification. The insert is the HRMS profile of pure product.

Reductive amination of CHO-SGP (8)

Reductive amination of CHO-SGP (8) with 3-azido-1-propanamine to give 11b

Figure S20. HPLC and LCMS profiles (HPLC method B) of reductive amination reaction with

3-azido-1-propanamine. a) Aliquots removed from reaction mixture at 3 hour. The corresponding

product was labeled with *. b) The HPLC profile of the product after preparative column

purification. The insert is the HRMS profile of pure product.

Reductive amination of CHO-SGP (8) with propargylamine to give 11f
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Figure S21. HPLC and LCMS profiles (HPLC method B) of reductive amination reaction with

propargylamine. a) The samples removed from reaction mixture at 3 hour. The corresponding

product was labeled with *. b) The HPLC profile of the product after preparative column

purification. The insert is the HRMS profile of pure product.
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3. Synthesis of small molecules and drug-payloads

Synthesis of small molecule

Synthesis of O-(2-azidoethyl)-hydroxylamine hydrochloride (10a)

Synthesis of N-(2-bromoethoxy)-phthalimide (S2a) 1

1.14 g, 7.0 mmol N-Hydroxyphthalimide S1 (1.0 eq) was dissolved in 8.0 mL DMF and 3.0 mL

34.8 mmol 1,2-dibromoethane (~5.0 eq) was added to the solution dropwise followed by 2.0 mL,

14 mmol triethylamine. The reaction was stirred at room temperature protecting from light and

monitored by TLC (EA/PE=1:1, Rf1=0.5 and Rf2a=0.85). The solid in the reaction mixture was

filtered and washed with DMF twice when the TLC indicated the complete assumption of the

starting material. Most of DMF was evaporated and the residue was precipitated into excess water.

The solid was gathered and wash with water twice. The precipitate was removed after that the

crude product was redissolved in 5.0 mL EA. The solution was washed with 1 N HCl, water and

brine respectively and dried over anhydrous Na2SO4. Finally the solution was concentrated to give

the product S2a (977.4 mg, yield 52.0 %). 1H NMR (400 MHz, Chloroform-d) δ 7.89 (m, 2H

ArH), 7.80 (m, 2H ArH), 4.51 (t, 2H), 3.67 (t, 2H). HRMS Calcd for [M+Na]+ 291.9585, found

[M+Na]+ 291.9569.

Synthesis of N-(2-azidoethoxy)-phthalimide (S3) 2

The material S2a (500 mg, 1.85 mmol, 1.0 eq) was dissolved in 10.0 mL acetone and to solution

was added sodium azido (360 mg, 5.55 mmol, 3.0 eq) which was pre-dissolved in 2.0 mL water at

an ice bath. The reaction was heated to 60 oC after stirring at the ice bath for 30 min. The reaction

was monitored by TLC (EA/PE=1:2). 30.0 mL DCM was added to dilute the reaction mixture and

after that the solution was washed with water and brine respectively. Then it was dried over



S20

anhydrous Na2SO4 and finally concentrated under reduced pressure to afford S3 as a white solid

(184 mg, 1.46 mmol. Yield 79.0 %). 1H NMR (400 MHz, Chloroform-d) δ 7.89 (m, 2H), 7.80 (m,

2H), 4.38 (t, 2H), 3.69 (t, 2H). HRMS Calcd for [M+Na]+ 255.0494, found [M+Na]+ 255.0476.

Synthesis of O-(2-azidoethyl)-hydroxylamine hydrochloride (10a) 3

To a well-stirred solution of S3 (103 mg, 0.45 mmol, 1.0 eq) was added hydrazine hydrate (45 μL,

0.67 mmol, 1.5 eq) and the solid-hydrazine hydrate mixture was stirred at room temperature for 30

min followed by another 2 hours in 20 mL ether. The color turned from yellow solid to snow white

solid in ether. The solid was gather with centrifugation and washed with ether twice. The organic

part was combined and stirred with 1 N HCl in dioxane (2.0 eq) for another 2 hours. The mixture

was centrifuged to get a white solid M1. 1H NMR (400 MHz, DMSO-d6) δ 11.05 (s, 3H), 4.15 (q,

J = 5.2, 4.4 Hz, 2H), 3.59 (t, J = 4.4 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 73.42, 48.77.

ESI-HRMS Calcd for [M+H]+ 103.0614, found [M+H]+ 103.0617.

Synthesis of O-(2-propynylethyl)-hydroxylamine hydrochloride (10b)

Synthesis of N-(2-propynylethoxy)-phthalimide (S2b)

The procedure was same to the synthesis of N-(2-bromoethoxy)-phthalimide (S2a)

Synthesis of O-(2-propynylethyl)-hydroxylamine hydrochloride (10b)

The procedure was same to the synthesis of O-(2-azidoethyl)-hydroxylamine hydrochloride (10a).

1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 3H), 4.73 (dd, J = 5.5, 2.2 Hz, 2H), 3.86 (t, J = 2.4 Hz,

1H). 13C NMR (126 MHz, DMSO-d6) δ 81.51, 76.99, 62.27. ESI-HRMS Calcd for [M+H]+

72.0444, found [M+H]+ 72.0451.
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Synthesis of 2-Aminooxy-N-(3-azidopropyl)acetamide (10c)

Synthesis of 2-(Boc-aminooxy)-N-hydroxysuccinimide Ester (S5) 4

N-Boc-aminooxyacetic acid (1.0 g 5.23 mmol 1.0 eq) was dissolved in 20 mL DCM and cooled

with an ice bath. To the stirred solution was added N-hydroxysuccinimide (NHS, 662.5 mg, 5.75

mmol, 1.1 eq) followed by N, N'-dicyclohexylcarbodiimide (DCC, 1.3 g, 6.28 mmol, 1.2 eq). The

solution was stirred at an ice bath for 10 min and another 2 hours at room temperature. The

solution was washed with saturated NaHCO3 and brine respectively after that the TLC indicated

the completion of the reaction. The organic part was dried with anhydrous Na2SO4 and

concentrated under reduced pressure to afford S5 as a white solid (1.42 g, 94%) and used without

further purification. 1H NMR (400 MHz, Methanol-d4) δ 4.78 (s, 2H), 2.88 (s, 4H), 1.50 (s, 9H).

Synthesis of 2-(Boc-aminooxy)-N-(3-azidopropyl)acetamide (S6a)

To a stirred solution of S5 (100 mg, 0.35 mmol, 1.0 eq) in 10 mL DCM was added

3-azido-1-propanamine (40.0 mg, 0.38 mmol, 1.1 eq) followed by TEA (72 μL, 2.0 eq). The

reaction was stirred at room temperature for 2 hours and monitored by TLC (EA/PE=1:1). The

solution was then washed with water and brine respectively, and dried over anhydrous Na2SO4.

The organic part was gathered and concentrated under reduced pressure to afford S6b as a slightly

yellow oil (90 mg, 95%). 1H NMR (400 MHz, Chloroform-d) δ 8.37 (s, 1H), 7.57 (s, 1H), 4.34 (s,

2H), 3.42 (p, 4H), 1.86 (p, 2H), 1.51 (s, 9H). 13C NMR (126 MHz, Chloroform-d) δ 168.47,

157.47, 82.93, 48.51, 35.79, 28.19, 27.59. ESI-HRMS Calcd for [M+Na]+ 296.1335, found

[M+Na]+ 296.1347.

2-Aminooxy-N-(3-azidopropyl)acetamide (10c)
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To a stirred solution of S6b (90 mg) in 8.0 mL DCM was added TFA 2.0 mL (20% TFA/DCM

solution) and stirred at room temperature for 1 hour at which time TLC indicated completion

assumption of the starting material. The reaction was concentrated in vacuo and the crude yellow

residue was taken up in an amount of water and washed with DCM twice. The water part was

gathered and concentrated to give 10c as a slight orange oil. HRMS Calcd for [M+Na]+ 196.0805,

found [M+Na]+ 196.0814. 1H NMR (400 MHz, DMSO-d6) δ 8.24 (t, J = 5.6 Hz, 1H), 4.32 (s, 2H),

3.38 (t, J = 6.8 Hz, 2H), 3.18 (q, J = 6.7 Hz, 2H), 1.69 (p, J = 6.8 Hz, 2H). 13C NMR (101 MHz,

DMSO-d6) δ 167.85, 72.37, 48.76, 36.12, 28.71. ESI-HRMS Calcd for [M+H]+ 174.0991, found

[M+H]+ 174.0982.

Synthesis of 2-Aminooxy-N-(propargyl)acetamide (10d).

Synthesis of 2-(Boc-aminooxy)-N-propargylacetamide (S6b)

To a stirred solution of S5 (650 mg, 2.26 mmol, 1.0 eq) in 10mL DCM was added propargylamine

(186.17 mg, 3.38 mmol, 1.5 eq) followed by TEA (629 μL, 2.0 eq). The reaction was stirred at

room temperature for 2 hours and monitored by TLC (EA/PE=1:1). The solution was then washed

with water and brine respectively, and dried over anhydrous Na2SO4. The organic part was

gathered and concentrated under reduced pressure to afford S6b as a yellow oil (462.8 mg, 90%)

HRMS Calcd for [M+Na]+ 251.1002, found [M+Na]+ 251.1004.

2-Aminooxy-N-(propargyl)acetamide (10d)

To a stirred solution of S6b (462.8 mg) in 16.0 mL DCM was added TFA 4.0 mL (20% TFA/DCM

solution) and stay at room temperature for 1 hour at which time TLC indicated complete

assumption of the starting material. The reaction was concentrated in vacuo and concentrated to

give 10d as a slight brown solid. 1H NMR (400 MHz, DMSO-d6) δ 8.59 (t, J = 5.4 Hz, 1H), 4.36
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(s, 2H), 3.93 (dd, J = 5.5, 2.5 Hz, 2H), 3.18 (t, J = 2.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ

167.90, 81.12, 73.78, 72.56, 28.11. HRMS Calcd for [M+H]+ 129.0658, found [M+H]+ 129.0659.

Synthesis of N-(2-Aminoethyl)maleimide5

Synthesis of N-Boc-Ethylenediamine (S7)

Ethylenediamine (7 mL, 100 mmol) was dissolved in 100 mL chloroform and to the solution was

added di-tert-butyl bicarbonate (2.185 g, 10 mmol) dropwise in an ice bath over a period of 2 hour.

The reaction mixture was stirred in the ice bath for another 2 hour before heated to and stirred at

room temperature for 16 hour. The precipitate was filtered and the organic phase was washed with

brine and water respectively. Dried over anhydrous Na2SO4 and concentrated to give a colorless

oil (1.4 g, 87.5 %).

Synthesis of N-(2-[(t-Boc)amino]ethyl Maleimide (S8)

Step 1: N-Boc-Ethylenediamine (320 mg, 2 mmol, 1.2 eq) and triethylamine (278 L, 1.2 eq) was

dissolved in 30 mL ethanol and to the solution was added maleic anhydride (163 mg, 1.66 mmol,

1.0 eq) in 10 mL ethanol dropwise at an ice bath. The solution was stirred at 0 oC for another 4

hour before the complete consumption of starting material.

Step 2: The solvent was evaporated and the medium product was redissolved in 8 mL of acetic

anhydride followed by sodium acetate (193 mg, 1.1 eq). Then the reaction was heated to 65 oC and

stirred for 1 hour before cooled to room temperature. The solution was diluted with water and

extracted with ethyl acetate. The organic phase was collected and washed with saturated NaHCO3

and brine, dried over anhydrous Na2SO4 and concentrated. The crude product was purified with

flash chromatography (EA/PE, 1:2) to give a white solid (312.5 mg, 78.3 %). 1H NMR (400 MHz,

Chloroform-d) δ 6.73 (s, 2H), 4.74 (s, 1H), 3.68 (t, J = 8 Hz, 2H), 3.35 (q, J = 4 Hz, 2H), 1.43 (s,
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9H).

Synthesis of N-(2-Aminoethyl)maleimide Trifluoroacetate Salt (S9)

N-(2-[(t-Boc)amino]ethyl maleimide (300 mg) was dissolved in 6 mL DCM with additional 2 mL

TFA. The solution was stirred at room temperature for 2 hour and finally evaporated to give a

yellow oil. The crude product was redissolved in 1 mL methanol and precipitated into excess ether.

The product was filtered to give a white solid compound (272.7 mg, 92 %). 1H NMR (400 MHz,

DMSO-d6) δ 7.79 (s, 3H), 7.09 (s, 2H), 3.66 (t, J = 6.0 Hz, 2H), 2.99 (t, J = 5.8 Hz, 2H).

Synthesis of DM1-SMCC (20)

30.0 mg 0.04 mmol commercial DM1-SH 15 (1.0 eq) and 15.0 mg 0.045mmol N-succinimidyl
4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC, 1.1 eq) were stirred in a mixture of
acetonitrile and pH 7.5 phosphate buffer (v:v =2:1) under argon atmosphere. The product was
purified with preparative column after 2 hour at which time the RP-HPLC has indicated the
complete consumption of DM1-SH. And the product was lyophilized to get a white powder (40.7
mg, 95%). HRMS Calcd for [M+H]+ 1072.3992, found [M+H]+ 1072.3974; [M+Na]+ 1094.3811,
[M+Na]+ 1094.3797. 1H NMR (400 MHz, Chloroform-d) δ 7.30 (d, J = 15.2 Hz, 1H), 6.87 (dd, J =
5.2, 1.6 Hz, 1H), 6.67 (dd, J = 5.3, 1.6 Hz, 1H), 6.62 (d, J = 9.3 Hz, 1H), 6.45 (dd, J = 15.3, 11.1
Hz, 1H), 5.64 (dd, J = 15.1, 9.0 Hz, 1H), 5.35 (m, 1H), 4.76 (dt, J = 12 Hz, 1H), 4.36 (t, J = 11.4
Hz, 1H), 4.10 (s, 3H), 3.75 (ddd, J = 20.2, 9.1, 3.5 Hz, 1H), 3.67 (dd, J = 12.7, 5.2 Hz, 1H), 3.53
(d, J = 9.0 Hz, 1H), 3.39 (d, J = 3.3 Hz, 3H), 3.37 (s, 1H), 3.33-2.94 (m, 11H), 2.90 (s, 3H), 2.86 (s,
4H), 2.77-2.52 (m, 3H), 2.41 (ddd, J = 18.8, 9.3, 3.5 Hz, 1H), 2.33-2.22 (dd, J = 14.4, 2.8Hz, 1H),
2.16 (d, J = 13.3 Hz, 2H), 1.86-1.42 (m, 10H), 1.35 (d, J = 6.8 Hz, 3H), 1.30 (d, J = 6.4 Hz, 4H),
1.07 (m, 2H), 0.81 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 176.95, 176.85, 174.70, 171.01,
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170.81, 170.53, 169.28, 169.24, 169.18, 156.02, 154.26, 154.20, 141.91, 141.08, 139.48, 133.33,
127.46, 125.17, 121.96, 118.70, 115.89, 113.23, 88.11, 80.80, 78.01, 77.28, 77.02, 76.77, 74.69,
66.99, 59.89, 56.71, 56.61, 46.61, 44.43, 44.36, 40.32, 39.58, 39.49, 38.81, 35.71, 35.66, 35.59,
35.41, 35.32, 32.44, 29.30, 29.22, 28.00, 27.11, 25.59, 15.53, 14.45, 13.44, 13.40, 12.11.

Figure S22. HPLC profiles (HPLC method A) of DM1-SMCC synthesis. The gray line was

DM1-SH before reaction with SMCC. The black one was the sample removed from the reaction

mixture.

Synthesis of DBCO-MCC-DM1 (21a)

A mixture of DM1-SMCC (20, 5.4 mg, 5.0 mol, 1.0 eq), DBCO-NH2 17 (1.5 mg, 5.5 mol, 1.1
eq) and Et3N (0.8 L, 5.5 mol, 1.1 eq) was stirred at room temperature and monitored by
RP-HPLC. The solution was subjected to preparative column after the end of reaction and the
corresponding product was combined and lyophilized to get a white powder (5.8 mg, 94%).
HRMS Calcd for [M+H]+ 1233.4985, found [M+H]+ 1233.5122; [M+Na]+ 1255.4805, found
[M+Na]+ 1255.4941. 1H NMR (500 MHz, DMSO-d6) δ 7.71 – 7.11 (m, 8H), 6.89 (s, 1H), 6.57 (m,
3H), 5.57 (t, 1H), 5.32 (m, 1H), 5.05 (d, J = 14.3 Hz, 1H, CH2 of DBCO), 4.54 (d, J = 12.0 Hz,
1H), 4.08 (t, J = 11.4 Hz, 1H), 4.01-3.84 (m, 4H), 3.63 (d, J = 13.9 Hz, 1H, CH2 of DBCO), 3.49
(d, J = 9.4 Hz, 1H), 3.25 (s, 3H), 3.22-2.97 (m, 4H), 2.72 (s, 3H), 2.45-2.29 (m, 2H), 2.21 (d, J =
18.2 Hz, 1H), 2.16-1.96 (m, 1H), 1.92-1.72 (m, 2H), 1.70-1.33 (m, 6H), 1.34-0.97 (m, 8H), 0.76 (s,
3H). 13C NMR (126 MHz, DMSO) δ 178.28, 176.28, 175.75, 171.67, 171.55, 171.33, 169.29,
159.56, 159.26, 156.42, 152.59, 152.39, 149.50, 142.39, 139.57, 133.76, 133.55, 130.66, 130.05,
129.62, 129.33, 129.19, 128.83, 127.97, 126.27, 123.68, 122.93, 122.52, 118.28, 117.63, 115.45,
115.32, 115.10, 109.27, 89.37, 81.15, 78.86, 74.32, 67.93, 61.19, 57.70, 57.28, 55.95, 52.83, 46.64,
45.07, 44.64, 41.28, 41.19, 41.11, 41.02, 40.95, 40.86, 40.78, 40.69, 40.52, 40.36, 40.19, 38.87,
37.51, 36.40, 36.24, 35.95, 35.38, 33.09, 30.90, 30.83, 30.44, 29.65, 29.63, 29.32, 29.31, 27.45,
16.25, 15.59, 14.25, 12.54.
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Figure S23. HPLC profiles (HPLC method A) of DBCO-MCC-DM1 synthesis. The gray line was
the UV absorbance of SMCC-DM1. The black one was the sample removed from the reaction
mixture. The corresponding peaks have been marked in the figure.

Synthesis of DBCO-PEG4-DM1 (21b)

Synthesis of DBCO- PEG4-Maleimide (S10)

To a solution of 2.0 mL DMF were added the 18 (5.8 mg, 10 mol, 1.0 eq) and
N-(2-Aminoethyl)maleimide (7.2 mg, 30mol, 3.0 eq) followed by the addition of
Dicyclohexylcarbodiimide (DCC, 10.3 mg, 50 mol, 5.0 eq) and Pyridin (24 L, 30.0 eq). The
reaction was stirred at room temperature for 40 hour and product was purified with preparative
column to give DBCO-PEG4-Maleimide (S10, 4.0 mg, 57%). HRMS Calcd for [M+H]+ 703.3343,
found 703.3352; [M+Na]+ 725.3162, found 725.3174.
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Figure S24. HPLC profile (HPLC method A) of S10 synthesis

Synthesis of DBCO- PEG4-DM1 (21b)

The collected S18 (4.0 mg, 5.7 mol, 1.0eq) was dissolved in acetonitrile and pH 7.5 phosphate
buffer (v : v/2 : 1). To the stirred solution were added DM1-SH (4.6 mg, 6.27 mol) and stirred at
room temperature for 2 hour. The reaction mixture was subjected to preparative column and give
DBCO- PEG4-DM1 (21b) as a light white powder (5.3 mg, 65%). 1H NMR (500 MHz, DMSO-d6,
Deuterium Oxide (little)) δ 7.87 (q, J = 6 Hz, 1H), 7.66 (t, J = 5.5 Hz, 1H), 7.60 (d, J = 7.2 Hz,
1H), 7.55 (dd, J = 6.1, 2.9 Hz, 1H), 7.51-7.42 (m, 1H), 7.39-7.24 (m, 2H), 7.20-7.11 (dd, J = 12.5,
1.5Hz, 1H), 6.87 (s, 1H), 6.60-6.46 (m, 2H), 5.91 (s, 1H), 5.59-5.48 (m, 1H), 5.29 (dd, J = 6.8, 2.8
Hz, 1H), 5.03 (d, J = 14 Hz, 1H, H of DBCO), 4.51 (dd, J = 11.8, 1.5 Hz, 1H), 4.11-4.01 (t, J =
11Hz, 1H), 3.96-3.74 (m, 4H), 3.58 (d, J = 13.9 Hz, 1H, H of DBCO), 3.55-3.39 (m, 20H, 16H of
PEG), 3.23 (s, 3H), 2.31 (dd, J = 18.3, 4.3 Hz, 1H), 2.25-2.08 (m, 5H), 2.08-1.97 (m, 2H), 1.82 (t,
J = 7.1 Hz, 2H), 1.73 (m, 2H), 1.57 (s, 3H), 1.52-1.37 (m, 4H), 1.31-1.05 (m, 12H), 0.76 (d, J =
2.7 Hz, 3H). 13C NMR (126 MHz, DMSO) δ 178.06, 178.00, 176.02, 172.97, 172.80, 171.69,
171.60, 171.49, 169.31, 169.28, 156.44, 156.39, 152.96, 152.40, 149.60, 142.46, 142.43, 142.40,
139.62, 133.76, 133.55, 130.60, 130.04, 129.63, 129.25, 129.15, 128.82, 127.95, 126.30, 123.64,
122.90, 122.55, 118.29, 115.11, 115.04, 89.35, 81.16, 78.85, 74.32, 70.91, 70.85, 70.80, 70.69,
70.64, 70.25, 67.94, 67.74, 61.19, 57.73, 57.70, 57.29, 52.82, 46.95, 46.55, 39.49, 37.46, 37.14,
36.01, 35.02, 33.14, 25.79, 25.63, 16.21, 15.63, 14.21, 12.49, 9.77.

Figure S25. HPLC profiles (HPLC method A) of 21b synthesis. A) Monitoring the reaction at 2

hour. B) The pure product after the preparative column purification.
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Synthesis of DBCO-PEG4-VC-PAB-MMAE (21c)

Synthesis of Fmoc-VC-PAB-MMAE (S11)

Fmoc-VC-PAB-PNP (20.0 mg, 26.1 mol, 1.0 eq) and MMAE (28.0 mg, 39.0 mol, 1.5 eq) were
dissolved in 4.0 mL DMF. Then Hydroxybenzotriazole (HOBt, 0.8 mg, 5.2 mol, 0.2 eq) and 60.0
L Pyridine were added to the solution. The reaction was stirred at room temperature for 30 hour
and monitored by RP-HPLC. Finally, the product was purified with preparative column to give a
white powder (29.0 mg, 82.9%). HRMS Calcd for [M+H]+ 1345.7812, found 1345.7743; [M+Na]+

1367.7631, found 1367.7556.

Figure S26. HPLC profiles (HPLC method A) of S11 synthesis. A) Aliquots taken from reaction

mixture, and B) The product after purified with preparative column.

Synthesis of NH2-VC-PAB-MMAE (S12)

S11 was dissolved in acetonitrile containing 20.0 % piperidine and was stirred at room
temperature for 1 hour after which time the RP-HPLC indicated the completion of de-Fmoc
process. Then the solution was concentrated under pressure and redissolved in 50.0 % acetonitrile
before subjected to the preparative column. Product was combined and lyophilized to give a white
powder (23.3 mg, 96.2%). HRMS Calcd for [M+H]+ 1123.7131, found 1123.7280; [M+Na]+

1145.6950, found 1145.7001.
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Figure S27. HPLC profiles (HPLC method A) of S12 synthesis. A) Aliquots taken from reaction

mixture, and B) The product after purified with preparative column.

Synthesis of DBCO-PEG4-VC-PAB-MMAE (21c)

To a solution of 2.0 mL DMF were added NH2-VC-PAB-MMAE and DBCO-PEG4-COOH. The
solution was stirred at room temperature over 40 hours and monitored by RP-HPLC. Finally the
corresponding product was purified with preparative column to give21c as a white powder. HRMS
Calcd for [M+2H]2+ 843.4944, found [M+2H]2+ 843.5011. 1H NMR (500 MHz, DMSO-d6) δ 8.12
(d, J = 7.4 Hz, 1H), 7.92-7.84 (m, 2H), 7.72-7.66 (m, 1H), 7.66-7.54 (m, 3H), 7.53-7.23 (m, 9H),
7.22-7.15 (m, 1H), 5.04 (d, J = 14.0 Hz, 2H), 4.50 (d, J = 5.8 Hz, 1H), 4.41 (dd, J = 24.3, 6.0 Hz,
3H), 4.32-4.20 (m, 3H), 4.06-3.92 (m, 3H), 3.79 (d, J = 9.3 Hz, 0H), 3.64-3.56 (m, 3H), 3.48 (d, J
= 7.8 Hz, 6H), 3.33 (t, J = 6.0 Hz, 2H), 3.27-3.16 (m, 4H), 3.11 (dd, J = 10.4, 4.4 Hz, 2H), 2.98 (s,
1H), 2.87 (d, J = 18.0 Hz, 2H), 2.42 (ddd, J = 36.2, 14.1, 6.6 Hz, 4H), 2.33-2.22 (m, 1H),
2.21-2.06 (m, 3H), 1.97 (dd, J = 13.7, 6.8 Hz, 2H), 1.85 (t, J = 7.1 Hz, 2H), 1.75 (dd, J = 16.6, 7.7
Hz, 2H), 1.64-1.23 (m, 2H), 1.18 (dd, J = 13.6, 6.9 Hz, 2H), 1.02 (td, J = 16.2, 14.2, 6.7 Hz, 4H),
0.95-0.72 (m, 13H).

Figure S28. HPLC profiles (HPLC method A) of 21c synthesis. A) Aliquots taken from reaction

mixture, and B) The product after purified with preparative column.

Synthesis of DBCO-Cy5 (21d)
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1.0 mg 1.3mol Cy5-NHS (1.0 eq), 0.4 mg 1.42mol DBCO-NH2 (1.1 eq) and 0.5 L 2.7eq Et3N
were dissolved in a mixture of acetonitrile and water (1:1). The mixture was stirred at room
temperature and protected from light for 4 hour. The solution was subjected to a semi-preparative
column when the RP-HPLC has indicated the complete transformation of Cy5-NHS to
DBCO-Cy5. The corresponding product was combined and lyophilized to get a dark black solid
(1.1 mg, 92%). HRMS Calcd for [M-Na+2H]+ 915.3467, found [M-Na+2H]+ 915.3488.

Figure S29. HPLC profiles (HPLC method C) of DBCO-Cy5 synthesis. The blue one was the

commercial Sulfo-Cy5-NHS ester. The gray one was the sample removed from the reaction

mixture. The corresponding peaks have been labeled with abbreviations.

Synthesis of SMCC-MMAE
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Synthesis of 3-(Methyldithio)propanoic Acid (S13)

3-Mercaptopropanoic acid (1.00 g, 9.4 mmol) was dissolved in water (30 mL) and was cooled in
an ice bath, to the solution was added methyl methanethiolsulfonate (1.31 g, 10.4 mmol) in
absolute ethanol (15 mL). The mixture was then diluted with saturated brine (80mL) after stirring
overnight at room temperature and extracted with ether. The combined organic parts were then
washed with saturated brine and finally dried over anhydrous Na2SO4, concentrated, and then
distilled to afford a colorless liquid.

Synthesis of 2, 5-dioxopyrrolidin-1-yl 3-(methylsulfinothioyl)propanoate (S14)

3-mercaptopropanoic acid (200mg 1.32mmol) was dissolved in dichloromethane (5 mL) and
stirred magnetically as N-hydroxysuccinimide (227mg , 1.98 mmol) was added followed by
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC, 380 mg, 1.98 mmol). The
mixture was stirred under an argon atmosphere for 2 h. The reaction mixture was poured into a
125 mL separatory funnel, 40 mL of ethyl acetate was added, and the solution was washed with 50
mM potassium phosphate buffer at pH 6.0 (2×20 mL) and saturated sodium chloride (20 mL). The
organic layer was dried over anhydrous Na2SO4, and the solvent was removed by rotary
evaporation under vacuum to give the desired product, which was used without further
purification.

Synthesis of 3-(Methyldithio)propanoic MMAE (S15)

MMAE (30 mg, 0.042 mmol) was dissolved in acetonitrile (5 mL) and stirred magnetically as
2,5-dioxopyrrolidin-1-yl 3-(methylsulfinothioyl)propanoate (52.3 mg, 0.21 mmol) was added.
Then, 50 mM sodium phosphate buffer at pH=7.5 (2.5 mL) was added in the reaction. The
reaction mixture was stirred for 48h at room temperature. The reaction was monitored by HPLC.
Eventually the product was separate by semi-preparation column. HRMS. Calcd for [M+H]+

852.4979., found 852.4940; Calcd for [M+Na]+ 874.4798, found 874.4762.
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Figure S30. HPLC profiles (HPLC method A) of S15 synthesis. A) Aliquots taken from the

reaction mixture, and B) The product after purified with preparative column.

Synthesis of 3-mercaptopropanoic MMAE (S16)

S15 (10mg, 0.0124 mmol) was dissolved in acetonitrile (2 mL) and stirred magnetically was
added Tris(2-carboxyethyl)phosphine hydrochloride (TCEP, 7.1 mg, 0.0248 mmol) in neutral
aqueous solution. The reaction was stirred for 2h at room temperature. The reaction was
monitored by HPLC. Eventually the product was separate by semi-preparation column. HRMS.
Calcd for [M+H]+ 806.5102., found 806.5143; Calcd for [M+Na]+ 828.4921, found 828.4964.

Figure S31. HPLC profiles (HPLC method A) of S16 synthesis. A) Aliquots taken from the

reaction mixture, and B) The product after purified with preparative column.

Synthesis of MMAE-SMCC (S17)

To a stirred solution of S16 (5 mg, 0.0062 mmol) in a mixture of acetonitrile (2 mL) and 50 mM
sodium phosphate buffer at pH=7.5 (1 mL) was treated with N-Succinimidyl
4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC, 2.27 mg, 0.0068 mmol) under argon
at room temperature. After 1 h, samples was removed from the reaction buffer and was monitored
by HPLC. Finally the product was separate by semi-preparation column. HRMS. Calcd for
[M+H]+ 1140.6266., found 1140.6211; Calcd for [M+Na]+ 1162.6086, found 1162.6037.
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Figure S32. HPLC profiles (HPLC method A) of S17 synthesis. A) Aliquots taken from the

reaction mixture, and B) The product after purified with preparative column.
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4. NMR and HPAEC data of oxazoline 2-5

One-pot semi-synthesis of SCT-ox (2)

1H NMR (400 MHz, Deuterium Oxide) δ 5.91 (d, J = 7.3 Hz, 1H, H1 of oxa), 4.95 (s, 1H, H1c),
4.78 (s, 1H, H1c’), 4.57 (s, 1H, H1b), 4.49-4.38 (m, 2H, H1d, H1d’), 4.26 (d, J = 8.0 Hz, 2H, H1e,
H1e’), 4.21 (s, 1H, H3a), 3.99 (d, J = 13.0 Hz, 4H, H2a, H2b, H2c, H2c’), 2.48 (dd, J = 12.1, 4.0
Hz, 2H, H3feq, H3f’eq), 1.98-1.77 (m, 15H), 1.54 (t, J = 12.1 Hz, 2H, H3fax, H3f’ax).

Figure S33. HPAEC chromatography of SCT-ox synthesis process. The black line (down) is the
sialylated oligosaccharides released from SGP. The blue line (up) is the reaction buffer after
reaction with DMC/Et3N

One-pot semi-synthesis of CT-ox (3)
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1H NMR (400 MHz, Deuterium Oxide) δ 5.97 (d, J = 7.1 Hz, 1H, H1 of oxa), 4.99 (s, 1H, H1c),
4.83 (s, 1H, H1c’), 4.62 (s, 1H, H1b), 4.47 (m, 2H, H1d, H1d’), 4.35 (d, J = 8.3 Hz, 2H, H1e,
H1e’), 4.27 (s, 1H, H3a), 4.05 (m, 4H, H2a, H2b, H2c, H2c’), 1.93 (d, J = 4.9 Hz, 9H, Ac).

Figure S34. HPAEC chromatography of one-pot CT-ox synthesis. The first black line is the
sialylated oligosaccharides released from SGP. The second blue line is sample removed from the
reaction buffer after incubation with neuraminidase. The third pink line is the final product
purified with PGC after incubation with DMC/Et3N.

One-pot semi-synthesis of GlcNAc2Man3-ox (4)

1H NMR (500 MHz, Deuterium Oxide) δ 6.01 (d, J = 7.3 Hz, 1H, H1 of oxa), 5.05 (s, 1H, H1c),
4.87 (s, 1H, H1c’), 4.67 (s, 1H, H1b), 4.49 (dd, J = 14.4, 8.4 Hz, 2H, H1d, H1d’), 4.32 (d, 1H,
H3a), 4.16-4.03 (m, 4H, H2a, H2b, H2c, H2c’), 2.02-1.94 (m, 9H, Ac).
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Figure S35. HPAEC chromatography of one-pot GlcNAc2Man3-ox synthesis. The first black line
is the sialylated oligosaccharides released from SGP. The second black line is sample removed
from the reaction buffer after incubation with neuraminidase. The third pink line is sample
removed from the reaction buffer after incubation with additional Lactase DS. The last orange one
is the pure GN2M3-oxazoline after purification.

One-pot semi-synthesis of Man3-ox (5)

1H NMR (400 MHz, Deuterium Oxide) δ 5.95 (d, J = 7.3 Hz, 1H, H1 of oxa), 4.97 – 4.93 (s, 1H,
H1c), 4.80 (s, 1H, H1c’), 4.59 (s, 1H, H1b), 4.24 (s, 1H, H3a), 4.05 (m, 1H, H2a), 4.01 (d, J = 2.7
Hz, 1H, H2b), 3.92 (dd, J = 3.3, 1.7 Hz, 1H, H1c), 3.87 (d, J = 3.4 Hz, 1H, H1c’), 1.92 (d, J = 1.7
Hz, 3H, Ac of oxa).
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5. Expression and purification of enzymes

Material:

The Endo-S and Endo-M genes and primers were synthesised by GENEWIZ (Suzhou, China).
PNGase-F plasmid is a gift from Dr Zhao, Qiang’s lab in Shanghai Institute of Materia Medica.
The vectors were purchased from Invitrogen (USA). BL21(DE3) Chemically Competent Cell
was purchased from TransGen (China). The Ni-NTA agarose used in purification was purchased
from QIAGEN. Other materials used in expression were purchased from Sangon Biotech (China).

Construction of expression vectors:

The nucleotide sequence encoding for Endo-S gene (ndoS) was obtained from GenBank (No.
AF296340). The DNA sequence bearing NdeI and NotI cleaving sites and was synthesized after
optimized for expression in E. coli by GENEWIZ (Suzhou, China). The synthetic ndoS gene was
further subcloned from cloning vector pUC57 into expression vector pET-30a(+) (Invitrogen,
USA) using NdeI and NotI (NEB, USA) restriction endonucleases and T4 DNA ligase (Thermo
Fisher, USA). The constructed plasmid, was then transformed into BL21(DE3) (TransGen,
China).

Original protein sequence of ndoS gene6

1 ATGGAGGAGA AGACTGTTCA GGTTCAGAAA GGATTACCTT CTATCGATAG CTTGCATTAT

61 CTGTCAGAGA ATAGCAAAAA AGAATTTAAA GAAGAACTCT CAAAAGCGGG GCAAGAATCT

121 CAAAAGGTCA AAGAGATATT AGCAAAAGCT CAGCAGGCAG ATAAACAAGC TCAAGAACTT

181 GCCAAAATGA AAATTCCTGA GAAAATACCG ATGAAACCGT TACATGGTCC TCTCTACGGT

241 GGTTACTTTA GAACTTGGCA TGACAAAACA TCAGATCCAA CAGAAAAAGA CAAAGTTAAC

301 TCGATGGGAG AGCTTCCTAA AGAAGTAGAT CTAGCCTTTA TTTTCCACGA TTGGACAAAA

361 GATTATAGCC TTTTTTGGAA AGAATTGGCC ACCAAACATG TGCCAAAGTT AAACAAGCAA

421 GGGACACGTG TCATTCGTAC CATTCCATGG CGTTTCCTAG CTGGGGGTGA TAACAGTGGT

481 ATTGCAGAAG ATACCAGTAA ATACCCAAAT ACACCAGAGG GAAATAAAGC TTTAGCCAAA

541 GCTATTGTTG ATGAATATGT TTATAAATAC AACCTTGATG GCTTAGATGT GGATGTTGAA

601 CATGATAGTA TTCCAAAAGT TGACAAAAAA GAAGATACAG CAGGCGTAGA ACGCTCTATT

661 CAAGTGTTTG AAGAAATTGG GAAATTAATT GGACCAAAAG GTGTTGATAA ATCGCGGTTA

721 TTTATTATGG ATAGCACCTA CATGGCTGAT AAAAACCCAT TGATTGAGCG AGGAGCTCCT

781 TATATTAATT TATTACTGGT ACAGGTCTAT GGTTCACAAG GAGAGAAAGG TGGTTGGGAG

841 CCTGTTTCTA ATCGACCTGA AAAAACAATG GAAGAACGAT GGCAAGGTTA TAGCAAGTAT

901 ATTCGTCCTG AACAATACAT GATTGGTTTT TCTTTCTATG AGGAAAATGC TCAAGAAGGG

961 AATCTTTGGT ATGATATTAA TTCTCGCAAG GACGAGGACA AAGCAAATGG AATTAACACT

1021GACATAACTG GAACGCGTGC CGAACGGTAT GCAAGGTGGC AACCTAAGAC AGGTGGGGTT

1081AAGGGAGGTA TCTTCTCCTA CGCTATTGAC CGAGATGGTG TAGCTCATCA ACCTAAAAAA

1141TATGCTAAAC AGAAAGAGTT TAAGGACGCA ACTGATAACA TCTTCCACTC AGATTATAGT
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1201GTCTCCAAGG CATTAAAGAC AGTTATGCTA AAAGATAAGT CGTATGATCT GATTGATGAG

1261AAAGATTTCC CAGATAAGGC TTTGCGAGAA GCTGTGATGG CGCAGGTTGG AACCAGAAAA

1321GGTGATTTGG AACGTTTCAA TGGCACATTA CGATTGGATA ATCCAGCGAT TCAAAGTTTA

1381GAAGGTCTAA ATAAATTTAA AAAATTAGCT CAATTAGACT TGATTGGCTT ATCTCGCATT

1441ACAAAGCTCG ACCGTTCTGT TTTACCCGCT AATATGAAGC CAGGCAAAGA TACCTTGGAA

1501ACAGTTCTTG AAACCTATAA AAAGGATAAC AAAGAAGAAC CTGCTACTAT CCCACCAGTA

1561TCTTTGAAGG TTTCTGGTTT AACTGGTCTG AAAGAATTAG ATTTGTCAGG TTTTGACCGT

1621GAAACCTTGG CTGGTCTTGA TGCCGCTACT CTAACGTCTT TAGAAAAAGT TGATATTTCT

1681GGCAACAAAC TTGATTTGGC TCCAGGAACA GAAAATCGAC AAATTTTTGA TACTATGCTA

1741TCAACTATCA GCAATCATGT TGGAAGCAAT GAACAAACAG TGAAATTTGA CAAGCAAAAA

1801CCAACTGGGC ATTACCCAGA TACCTATGGG AAAACTAGTC TGCGCTTACC AGTGGCAAAT

1861GAAAAAGTTG ATTTGCAAAG CCAGCTTTTG TTTGGGACTG TGACAAATCA AGGAACCCTA

1921ATCAATAGCG AAGCAGACTA TAAGGCTTAC CAAAATCATA AAATTGCTGG ACGTAGCTTT

1981GTTGATTCAA ACTATCATTA CAATAACTTT AAAGTTTCTT ATGAGAACTA TACCGTTAAA

2041GTAACTGATT CCACATTGGG AACCACTACT GACAAAACGC TAGCAACTGA TAAAGAAGAG

2101ACCTATAAGG TTGACTTCTT TAGCCCAGCA GATAAGACAA AAGCTGTTCA TACTGCTAAA

2161GTGATTGTTG GTGACGAAAA AACCATGATG GTTAATTTGG CAGAAGGCGC AACAGTTATT

2221GGAGGAAGTG CTGATCCTGT AAATGCAAGA AAGGTATTTG ATGGGCAACT GGGCAGTGAG

2281ACTGATAATA TCTCTTTAGG ATGGGATTCT AAGCAAAGTA TTATATTTAA ATTGAAAGAA

2341GATGGATTAA TAAAGCATTG GCGTTTCTTC AATGATTCAG CCCGAAATCC TGAGACAACC

2401AATAAACCTA TTCAGGAAGC AAGTCTACAA ATTTTTAATA TCAAAGATTA TAATCTAGAT

2461AATTTGTTGG AAAATCCCAA TAAATTTGAT GATGAAAAAT ATTGGATTAC TGTAGATACT

2521TACAGTGCAC AAGGAGAGAG AGCTACTGCA TTCAGTAATA CATTAAATAA TATTACTAGT

2581AAATATTGGC GAGTTGTCTT TGATACTAAA GGAGATAGAT ATAGTTCGCC AGTAGTCCCT

2641GAACTCCAAA TTTTAGGTTA TCCGTTACCT AACGCCGACA CTATCATGAA AACAGTAACT

2701ACTGCTAAAG AGTTATCTCA ACAAAAAGAT AAGTTTTCTC AAAAGATGCT TGATGAGTTA

2761AAAATAAAAG AGATGGCTTT AGAAACTTCT TTGAACAGTA AGATTTTTGA TGTAACTGCT

2821ATTAATGCTA ATGCTGGAGT TTTGAAAGAT TGTATTGAGA AAAGGCAGCT GCTAAAAAAA

The synthetic sequence of Endo-S after optimization for E. coli expression:

NdeI highlighted in Green
NotI highlighted in Yellow
His-tag highlighted in Turquoise
Start and stop codon shown in Red
NdeI and NotI excluded during optimization

1 CATATGGAAG AGAAGACAGT TCAGGTTCAG AAGGGCCTGC CGAGCATCGA CAGTCTGCAT

61 TACTTAAGTG AGAATAGCAA GAAAGAATTC AAAGAGGAAC TGAGTAAGGC AGGTCAGGAA

121 AGCCAGAAAG TTAAGGAGAT TCTGGCAAAA GCCCAGCAGG CCGATAAACA GGCACAGGAA

181 TTAGCCAAGA TGAAGATCCC GGAGAAGATT CCGATGAAAC CGTTACACGG CCCGCTGTAT

241 GGTGGCTATT TTCGCACCTG GCATGACAAA ACCAGCGACC CGACCGAGAA AGACAAGGTG

301 AATAGCATGG GTGAACTGCC GAAAGAGGTG GATCTGGCCT TCATCTTCCA CGACTGGACC
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361 AAGGATTACA GTCTGTTCTG GAAAGAATTA GCCACAAAAC ACGTTCCGAA ATTAAACAAG

421 CAGGGCACCC GTGTGATTCG CACAATTCCT TGGCGTTTCC TGGCCGGCGG CGATAACAGC

481 GGTATTGCCG AAGATACCAG CAAGTATCCT AACACCCCGG AGGGCAATAA GGCACTGGCC

541 AAAGCCATTG TTGACGAGTA CGTGTACAAG TACAACCTGG ATGGCCTGGA CGTTGACGTG

601 GAACACGATA GCATTCCGAA AGTGGACAAA AAAGAAGACA CCGCCGGCGT TGAACGCAGC

661 ATCCAGGTTT TTGAGGAAAT CGGCAAGCTG ATCGGTCCGA AAGGCGTTGA CAAGAGCCGC

721 CTGTTCATCA TGGATAGCAC CTACATGGCC GACAAGAATC CGTTAATCGA ACGTGGCGCC

781 CCTTACATTA ACCTGCTGTT AGTTCAGGTG TACGGCAGTC AGGGTGAAAA GGGCGGTTGG

841 GAACCGGTTA GCAACCGCCC GGAGAAGACC ATGGAGGAAC GTTGGCAGGG TTATAGCAAG

901 TACATCCGCC CGGAGCAGTA CATGATTGGC TTCAGCTTCT ATGAGGAAAA CGCCCAGGAA

961 GGCAACCTGT GGTATGATAT CAACAGCCGC AAGGATGAAG ACAAGGCAAA TGGCATTAAT

1021ACAGATATTA CCGGCACACG CGCCGAACGC TATGCACGTT GGCAACCGAA GACAGGTGGC

1081GTGAAAGGCG GTATCTTCAG CTACGCAATC GACCGTGATG GCGTGGCCCA TCAGCCGAAG

1141AAATATGCCA AACAGAAGGA GTTTAAGGAC GCCACAGACA ACATCTTCCA TAGCGACTAT

1201AGCGTTAGCA AGGCCCTGAA GACAGTTATG CTGAAGGACA AAAGCTATGA TCTGATTGAT

1261GAAAAAGACT TTCCGGACAA GGCCCTGCGC GAAGCAGTTA TGGCCCAGGT TGGCACCCGT

1321AAAGGCGACC TGGAACGCTT CAATGGTACA CTGCGCCTGG ATAATCCGGC CATTCAGAGT

1381CTGGAAGGCC TGAATAAATT TAAAAAGCTG GCCCAGCTGG ATCTGATCGG TCTGAGCCGC

1441ATCACAAAGC TGGACCGTAG CGTGCTGCCT GCAAACATGA AGCCGGGCAA AGACACACTG

1501GAAACCGTGC TGGAAACCTA TAAAAAAGAC AATAAAGAAG AGCCTGCAAC CATTCCGCCT

1561GTTAGCCTGA AAGTGAGCGG CCTGACCGGT CTGAAGGAAC TGGACCTGAG CGGTTTCGAC

1621CGTGAAACCC TGGCAGGTCT GGATGCAGCC ACATTAACAA GTTTAGAAAA AGTTGACATC

1681AGCGGCAATA AACTGGACCT GGCACCGGGC ACCGAGAACC GCCAGATCTT CGACACCATG

1741CTGAGCACCA TCAGCAATCA TGTTGGCAGC AATGAACAGA CCGTGAAATT TGACAAACAG

1801AAGCCGACCG GCCACTATCC GGACACCTAC GGCAAAACAA GCCTGCGCCT GCCTGTGGCC

1861AACGAAAAAG TGGATCTGCA GAGCCAGCTG CTGTTCGGTA CCGTTACCAA CCAGGGTACC

1921CTGATCAATA GTGAAGCAGA CTATAAAGCA TACCAGAATC ATAAGATCGC CGGCCGTAGC

1981TTTGTGGATA GCAACTATCA CTACAACAAT TTCAAGGTGA GCTATGAAAA CTACACGGTT

2041AAAGTGACCG ATAGCACACT GGGTACCACA ACCGATAAAA CACTGGCCAC CGATAAAGAG

2101GAGACATACA AAGTGGACTT CTTTAGCCCG GCCGACAAAA CCAAAGCAGT GCACACCGCC

2161AAAGTTATTG TGGGTGACGA AAAAACCATG ATGGTGAATT TAGCCGAGGG CGCCACAGTG

2221ATCGGTGGCA GTGCCGATCC TGTGAATGCC CGTAAGGTGT TTGATGGTCA GCTGGGCAGT

2281GAAACAGACA ACATTAGCCT GGGTTGGGAT AGCAAGCAGA GCATTATCTT TAAACTGAAG

2341GAAGATGGTT TAATCAAGCA CTGGCGCTTT TTCAATGACA GCGCCCGTAA CCCTGAAACA

2401ACCAACAAGC CGATCCAAGA GGCGAGTCTG CAGATCTTCA ATATTAAGGA CTACAACCTG

2461GACAATTTAC TGGAAAATCC GAACAAATTC GATGATGAGA AGTACTGGAT TACCGTGGAT

2521ACCTATAGTG CCCAGGGCGA GCGCGCAACA GCCTTTAGTA ACACACTGAA TAATATCACC

2581AGCAAATATT GGCGCGTGGT GTTCGACACA AAAGGCGACC GCTATAGTAG CCCGGTGGTT

2641CCGGAATTAC AAATCCTGGG CTACCCGCTG CCGAACGCAG ACACCATTAT GAAGACCGTG

2701ACCACCGCCA AAGAACTGAG TCAGCAGAAG GATAAGTTTA GCCAGAAAAT GCTGGATGAA

2761CTGAAAATCA AAGAAATGGC ACTGGAAACA AGTCTGAATA GCAAAATTTT TGATGTGACA

2821GCCATCAACG CCAATGCAGG CGTTCTGAAA GACTGTATTG AAAAGCGCCA GCTGCTGAAG

2881AAACATCATC ATCATCATCA TCATCACCAC CACTAAGCGG CCGC
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The Amino acid sequence expressed from pET-30a(+):ndoS. (D233 is the D198 in
below sequence because the signal peptide was removed)

1 M E E K T V Q V Q K G L P S I D S L H Y

21 L S E N S K K E F K E E L S K A G Q E S

41 Q K V K E I L A K A Q Q A D K Q A Q E L

61 A K M K I P E K I P M K P L H G P L Y G

81 G Y F R T W H D K T S D P T E K D K V N

101 S M G E L P K E V D L A F I F H D W T K

121 D Y S L F W K E L A T K H V P K L N K Q

141 G T R V I R T I P W R F L A G G D N S G

161 I A E D T S K Y P N T P E G N K A L A K

181 A I V D E Y V Y K Y N L D G L D V D V E

201 H D S I P K V D K K E D T A G V E R S I

221 Q V F E E I G K L I G P K G V D K S R L

241 F I M D S T Y M A D K N P L I E R G A P

261 Y I N L L L V Q V Y G S Q G E K G G W E

281 P V S N R P E K T M E E R W Q G Y S K Y

301 I R P E Q Y M I G F S F Y E E N A Q E G

321 N L W Y D I N S R K D E D K A N G I N T

341 D I T G T R A E R Y A R W Q P K T G G V

361 K G G I F S Y A I D R D G V A H Q P K K

381 Y A K Q K E F K D A T D N I F H S D Y S

401 V S K A L K T V M L K D K S Y D L I D E

421 K D F P D K A L R E A V M A Q V G T R K

441 G D L E R F N G T L R L D N P A I Q S L

461 E G L N K F K K L A Q L D L I G L S R I

481 T K L D R S V L P A N M K P G K D T L E

501 T V L E T Y K K D N K E E P A T I P P V

521 S L K V S G L T G L K E L D L S G F D R

541 E T L A G L D A A T L T S L E K V D I S

561 G N K L D L A P G T E N R Q I F D T M L

581 S T I S N H V G S N E Q T V K F D K Q K

601 P T G H Y P D T Y G K T S L R L P V A N

621 E K V D L Q S Q L L F G T V T N Q G T L

641 I N S E A D Y K A Y Q N H K I A G R S F

661 V D S N Y H Y N N F K V S Y E N Y T V K

681 V T D S T L G T T T D K T L A T D K E E

701 T Y K V D F F S P A D K T K A V H T A K

721 V I V G D E K T M M V N L A E G A T V I

741 G G S A D P V N A R K V F D G Q L G S E

761 T D N I S L G W D S K Q S I I F K L K E

781 D G L I K H W R F F N D S A R N P E T T

801 N K P I Q E A S L Q I F N I K D Y N L D
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821 N L L E N P N K F D D E K Y W I T V D T

841 Y S A Q G E R A T A F S N T L N N I T S

861 K Y W R V V F D T K G D R Y S S P V V P

881 E L Q I L G Y P L P N A D T I M K T V T

901 T A K E L S Q Q K D K F S Q K M L D E L

921 K I K E M A L E T S L N S K I F D V T A

941 I N A N A G V L K D C I E K R Q L L K

Site-directed mutagenesis of Endo-S D233A and D233Q were generated by SOE PCR, using
vectors containing Endo-S wild type as the template. The forward primers were
5’-GGCCTGGACGTTGCCGTGGAACACGATAGCATTCCGAAAGTG-3’ (for D233A) and
5’-GGCCTGGACGTTCAGGTGGAACACGATAGCATTCCGAAAGTG-3’ (for D233Q). The
reverse primers were 5’-TTCCACGGCAACGTCCAGGCCATCCAGGTTGTACTTGTACAC-3’
(for D233A) and 5’-TTCCACCTGAACGTCCAGGCCATCCAGGTTGTACTTGTACAC-3’ (for
D233Q). Then we use Dpn I (NEB, USA) to eliminate original template. All the constructs were
confirmed by DNA sequencing. The constructed plasmid, was then transformed into BL21(DE3)
(TransGen, China).

By the similar procedure, the Endo-M gene sequence was obtained from GenBank. The sequence
containing Ndel and Xhol cleaving sites was synthesized by GENEWIZ (Suzhou, China). The
synthetic gene was subcloned into expression vector pET-23b(+) (Invitrogen, USA) with Ndel,
Xhol, and T4 DNA ligase. We then transformed it into BL21(DE3) (TransGen, China).

The PNGase F plasmid obtained from Dr Zhao’s laboratory (Shanghai Institute of Materia Medica)
was transformed into BL21(DE3) (TransGen, China).

Expression and purification procedures7
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E. Coli BL21 (DE3) bacteria expressing the wild type pET-30a (+)-ndoS expression vector were
first grown in 50 mL LB/Kan+ medium including 0.1 mg/mL Kanamycin at final concentration.
Control the temperature at 37 oC, after a 4 hours pre-culture step (220 rpm) OD600 = 0.6-1.0 can
be reached. Then add all the bacterial into 1L LB/Kan+ medium and culture for more than 12hours.
When OD600=0.4-0.6 was attained, the expression bacterial was incubated by the addition of
IPTG (isopropyl β-D-1 thiogalactopyranoside) with 0.1mM as the final concentration. The
cultures were incubated at 16 oC overnight to get soluble protein. Cells were harvested by
centrifugation at 4 oC and 10000×g for 20 min. Then the bacterial were suspended in 10 mM
phosphate buffer (10mM, pH =7.4) to a total volume of 50 mL. Cells were lysed by
ultrasonication and the extract was centrifuged at 4 oC and 18000×g for 20min to get supernatant.

Here we use 5mL column volume of Ni-NTA agarose (QIAGEN) to purify 1L cells lysate, and
before purification procedure, the Ni-NTA affinity column should be pre-processed with several
steps for equilibration. The lysate solution was loaded onto it for more than one time. After
washing with 10 column volumes of phosphate buffer (10mM, pH =7.4), we can remove the
non-specific binding of protein. Then wash with 10 column volumes of phosphate buffer (10mM,
pH =7.4) containing 20 mM imidazole gently. This operation can remove most impurity protein
and a gradient elution procedure can also be used as optimized protocol. Target protein can be
eluted by 250 mM imidazole. Results of expression and purification from SDS-PAGE and western
blot analysis suggested that the protein were effectively purified.

Expression and purification of Endo-M

E. Coli BL21(DE3)bacteria were first grown in 5 mL LB/Amp+ medium including 0.1 mg/mL
ampicillin at final concentration. Control the temperature at 37 oC, after a 12 hours pre-culture
step (220 rpm) OD600=0.6-1.0 can be reached. Then add all the bacterial into 1L LB/ Amp +
medium and culture for more than 12hours. When OD600 = 0.4-0.6 was attained, the expression
bacterial was incubated without IPTG. The cultures were incubated at 30 oC for 3 days. Cells were
harvested by centrifugation at 4 oC and 10000×g for 20 min. Then the bacterial were suspended in
10 mM phosphate buffer (10mM, pH =7.4) to a total volume of 50 mL. Cells were lysed by
ultrasonication and the extract was centrifuged at 4 oC and 18000×g for 20min to get supernatant.

Here we use 5mL column volume of Ni-NTA agarose (QIAGEN) to purify 1L cells lysate, and
before purification procedure, the Ni-NTA affinity column should be pre-processed with several
steps for equilibration. The lysate solution was loaded onto it for more than one time. After
washing with 10 column volumes of phosphate buffer (10mM, pH =7.4) we can remove the
non-specific binding of protein. Then wash with 10 column volumes of phosphate buffer (10mM,
pH =7.4) containing 50 mM imidazole gently. Target protein can be eluted by 100 mM imidazole.
Results of expression and purification from SDS-PAGE and western blot analysis suggested that
the protein were effectively purified.

Expression and purification of PNGase F

E. Coli BL21(DE3)bacteria were first grown in 5 mL LB/Amp+ medium including 0.1mg/mL
ampicillin at final concentration. Control the temperature at 37 oC, after a 12 hours pre-culture



S43

step (220 rpm) OD600 = 0.6-1.0 can be reached. Then we get 1L bacterial through enlarged
culture and when OD600 = 0.4-0.6 was attained, the expression bacterial was incubated with
IPTG with 0.5mM as final concentration. The cultures were incubated at 16 oC overnight. Cells
were harvested by centrifugation at 4 oC and 10000×g for 20 min. Then the bacterial were
suspended in 10 mM phosphate buffer (10mM, pH =7.4) to a total volume of 50 mL. Cells were
lysed by ultrasonication and the extract was centrifuged at 4 oC and 18000×g for 20min to get
supernatant.

Here we use 5mL column volume of Ni-NTA agarose (QIAGEN) to purify 1L cells lysate, and
before purification procedure, the Ni-NTA affinity column should be pre-processed with several
steps for equilibration. The lysate solution was loaded onto it for more than one time. After
washing with 10 column volumes of phosphate buffer (10mM, pH =7.4) we can remove the
non-specific binding of protein. Then wash with 10 column volumes of phosphate buffer (10mM,
pH =7.4) containing 20 mM imidazole gently. We can also wash with 50, 60 and 70mM imidazole
as gradient elution. Target protein can be eluted by 250 mM imidazole. Results of expression and
purification from SDS-PAGE and western blot analysis suggested that the protein were effectively
purified.



S44

6. Other procedures

Non-enzymatic glycation of oxazoline 2 onto 6:

Before the studies of one-pot transglycosylation of (Fuc1,6)GlcNAc-Herceptin 6, the
non-enzymatic reaction such as “glycation” process was conducted. First, pure SGP (50mM) was
incubated with Endo-M to give a solution of sialo-glycan mixed with GlcNAc-peptide. The
released glycan was then transformed to oxazoline 2 by additional DMC (15 eq) and Et3N (40.0
eq). With the in situ oxazoline 2, we studied the non-enzymatic glycation using 1.0 mM, 1.5 mM,
2.5 mM and 5.0 mM of 2 and 6 (final concentration 5.0 mg/mL) in a Tris buffer (pH 7.4). Aliquots
(1 L each) were taken from reaction cells at 1h, 2h, 3h, 4h and 12h respectively and diluted in
SDS sample buffer for SDS-PAGE analysis. The results is shown in Fig. S6.

Synthesis of T-DM1. To a solution of wide-type Herceptin (5 mg) in PB (50 mM, pH 7.5, 5 mL)
was added DM1-SMCC 20 (0.54 mg, 15.0 eqiv,). The reaction mixture was incubated at 37 oC.
After 1-2 hour, LC-MS monitoring indicated the random ligation of 3.2 DM1 onto Herceptin
which had been incubated with EndoS before subjecting to the LC-MS column. The solution was
immediately subjected to Protein A resin (1mL) and eluted as former procedure. Tubes containing
the products were combined and buffer exchanged to Tris or phosphate buffer (50 mM, pH 7.5).

Synthesis of T-MMAE. Successfully synthesis of T-DM1 made us the similar procedure of
T-MMAE synthesis, which was composed of the same linker SMCC to T-DM1 together with
3-mercaptopropionic acid. DAR is 3.5.

Randomly Cy5 Labeling of commercial Herceptin. To a solution of commercial Herceptin (1.0
mg/mL, 0.5 mL, 1.0 eqiv) in 50 mM pH 7.5 phosphate buffer was added Sulfo-Cy5-NHS 19
(38.75 g, 15.0 eq, Little-PA Sciences Co., Ltd) and was incubated 30 oC for 2 hours to give the
Cy5 randomly linked Herceptin 26. The labeled Herceptin was purified via affinity
chromatography with a protein A column.
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7. NMR spectra

1H NMR of 2

1H NMR of 3
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1H NMR of 4

1H NMR of 5
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1H NMR of CHO-SGP (8)

13C NMR of CHO-SGP (8)
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HSQC of CHO-SGP (8)

1H NMR of 11a



S49

13C NMR of 11a

1H-13C HSQC NMR of 11a
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1H NMR of 11b

13C NMR of 11b
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1H-13C HSQC NMR of 11b

1H NMR of 11c
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13C NMR of 11c

1H-13C HSQC NMR of 11c
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1H NMR of 11d

13C NMR of 11d
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1H-13C HSQC NMR of 11d

1H NMR of 11e
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13C NMR of 11e

1H-13C HSQC NMR of 11e



S56

1H NMR of 11f

13C NMR of 11f
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1H-13C HSQC NMR of 11f

NMRs of N3-SCT (12) and N3-SCT-ox (13)

1H NMR of 12
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13C NMR of 12

1H-13C HSQC NMR of 12
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1H-H COSY NMR of 12

1H NMR of 13
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13C NMR of 13

1H-13C HSQC NMR of 13
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1H-H COSY NMR of 13

NMRs of the small molecules

1H NMR of 10a
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13C NMR of 10a

1H NMR of 10b
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13C NMR of 10b

1H NMR of 10c
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13C NMR 10c

1H NMR of 10d
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13C NMR of 10d

1H NMR of S8
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1H NMR of S9

1H NMR of 15
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13C NMR 15

1H NMR of 21a
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13C NMR 21a

1H NMR 21b
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13C NMR 21b

1H NMR 21c
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HSQC 21c

8. Reference

(1) Weller, C. E.; Huang, W.; Chatterjee, C. Chembiochem 2014, 15, 1263.
(2) Luisa Benati , G. B., Rino Leardini , Matteo Minozzi ,* Daniele Nanni ,* Rosanna Scialpi , Piero
Spagnolo ,* and Giuseppe Zanardi. J. Org. Chem, 15, 4.
(3) Banerjee, D.; Liu, A. P.; Voss, N. R.; Schmid, S. L.; Finn, M. ChemBioChem 2010, 11, 1273.
(4) Palaniappan, K. K.; Ramirez, R. M.; Bajaj, V. S.; Wemmer, D. E.; Pines, A.; Francis, M. B. Angew.
Chem. Int. Ed. Engl. 2013, 52, 4849.
(5) Liu, F.; Soh Yan Ni, A.; Lim, Y.; Mohanram, H.; Bhattacharjya, S.; Xing, B. Bioconjug. Chem.
2012, 23, 1639.
(6) Goodfellow, J. J.; Baruah, K.; Yamamoto, K.; Bonomelli, C.; Krishna, B.; Harvey, D. J.; Crispin,
M.; Scanlan, C. N.; Davis, B. G. J. Am. Chem. Soc. 2012, 134, 8030.
(7) Huang, W.; Giddens, J.; Fan, S. Q.; Toonstra, C.; Wang, L. X. J. Am. Chem. Soc. 2012, 134,
12308.


	Supplementary schemes and figures
	Synthesis of divergent functionalized SGPs
	Synthesis of small molecules and drug-payloads
	NMR and HPAEC data of oxazoline 2-5
	Expression and purification of enzymes
	Other procedures
	NMR spectra
	Reference

