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Protein expression

Optimized Neu3 and Neu4 genes were synthesized and subcloned into vector pMAL-c2x in
DNAZ2.0. The plasmids of MBP-Neu3 and MBP-Neu4 were transformed into expression cells, E.
coli TB1. Protein was isolated by culturing E. coli TB1 cells containing plasmid pMBP-Neu3 or
Neu4 in LB medium containing 0.2% glucose and ampicillin (100 pg/mL). The culture was grown
at 30 °C with shaking until the ODsoo reached 0.3. The temperature was decreased to 20 °C, and
fusion protein was induced by adding IPTG to a final concentration of 0.3 mM when ODsoo reached
0.5-0.6. Cells were harvested by centrifugation after 20 h of induction. The pellet was resuspended
(50 mL per liter of medium) in resuspension buffer (20 mM MOPS, pH 7.2, 300 mM NaCl, ImM
EDTA, 10% glycerol and 0.05% triton X-100) and supplemented with a protease inhibitor tablet
(Roche). The lysate was passed through a cell disruptor once at 20,000 psi and then immediately
pelleted by centrifugation at 105,000 x g for 60 min at 4 °C. The supernatant was loaded onto an
amylose column (New England Biolabs) equilibrated with 20 mM MOPS (10% glycerol and 300
mM NaCl, pH 7.2). MBP-fusion protein was eluted with running buffer containing 10% glycerol
(v/v) and 10 mM maltose.

Table S.1: HPLC Gradient elution used to check purity of inhibitors

Purity of compounds for enzymatic assay was tested by HPLC using a C18 reverse phase column
(XTerra RP C18, analytical, particle size: 3.5 um, column dimensions: 4.8 % 150 mm). The
gradient elution program was summarized below where solvent A was 0.1% trifluoroacetic acid
in milliQ water and solvent B was 0.1% trifluoroacetic acid in acetonitrile. See Figure S.4 for
HPLC traces.

Time Flow rate (mL/min) A% B%
0 1 100 0
3 1 100 0
13 1 0 100
18 1 0 100




Table S.2: Summary of HPLC and HRMS data for tested compounds

Compound HPLC Trace HRMS
Retentiqn Time Area % Calculated Found
min m/z m/z
1(DANA) 1.657 98.70 290.0876 290.0879
2(C9-BA-DANA) 1.861 99.97% 373.1616 373.1614
6(Zanamivir) 1.939 99.78 333.1405 333.1400
7a 11.085 97.69 460.1832 460.1834
7b 12.302 99.92 474.1625 474.1636
Te 4.433 97.35 432.1529 432.1513
7d 13.240 98.94 431.1567 431.1568
Te 12.674 98.74 447.1516 447.1527
7f 12.834 96.36 435.1316 435.1324
7g 13.886 99.11 485.1284 485.1282
7h 12.200 99.05 461.1309 461.1316
7i 14.041 99.97 493.1723 493.1729
7j 14.027 98.49 509.1672 509.1674
8a 12.307 97.04 502.1686 502.1683
8b 1.561 97.84 534.2101 534.2105
13 12.978 99.27 486.1373 486.1378
15 11.983 95.11 460.1468 460.1482
18 12.209 97.58 575.1738 575.1738
25a 3.100 99.05 345.1298 345.1302
25b 10.823 98.98 373.1611 373.1612
25¢ 1.805 98.52 357.1298 357.1305
25d 16.854 97.44 371.1454 371.1458




Figure S.1: Inhibition of human neuraminidase isoforms by tested compounds

ICso curves using 4Mu-NANA as substrate
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ICso curves using GM3 as substrate
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7i with NEU3
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8b with NEU3
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Figure S.2: K; determinations
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NMR ('H and 3C) spectra
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Figure S.3
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Figure S.4: HPLC traces and LC-MS of esters
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LC-MS analysis of esters.

LC-MS Methods:

Solvent A: 0.1%FA in H20

Solvent B: 0.1%FA in ACN

Flow=0.5mL/min

First 0.3 mins: LC to waste

Kinetex Luna Evo C18 Polar with guard, 2.1x50mm, 1.6um, 100A, temperature 40°C
Fragmentor: 150V

DAD: 254nm
Gradient:
Time | %B
0.00 |2.00
0.50 |2.00
5.00 |95.0
8.00 |95.0
9.0 2.00




LC-MS results of DANA-OMe

x103 [0AD1 - B 5ig=254.8 16100704 0
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06 08 1 12 14 16 18 3 22 24 2628 3 3234 36038 4 42444648 6 5254 56 58 6 62 64 6668 7 72 74 76 18
Response Unis ve. Acquisiton Time (min)
Integration Peak List
Peak |Start |RT End _ |Height [Area Area %
1| 079 086 1.04 1217.08| 4634.97 100
2 1.61 1.67 1.76 0.85 3.74 0.08
3 1.88 1.97 2.17 1.41 6.5 0.14
4 2.28 2.4 2.59 2.28| 11.28] 0.24
5] 359 373 381 1.27] 5.76| 0.12
Fragmentor Voltage 150  Collision Energy 0 Ionization Mode  ESI
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2] !
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0.4 ] -
oz ff__ AN t168 A cams .38 M o o 2_5___‘__/_/\'/
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0B 08 1 1214 1618 2 22 242628 3 3234 3638 4 42444648 & 5254 56 58 6 62 64 66 68 7 72 74 76 78
Counts vs. Acquisition Time (min}
Integration Peak List
Peak  |Start |RT [End Height Area Area %
1 0.75 O.BEI 1.33 19651359 190908482 100
2 1.55 1.68] 1.84| 365139 2259383 1.18|
3 1.9] 197 212 159857 885389] 0.46
4 2.31 2.41 2.58[ 981508 5647166 2.96
5 2.71 2.75 2.8| 398485 1459311 0.76
6 2.82 2.83 2.91 177032 516037 0.27
7 2.93 3.02 3.1 161134 710349| 0.37
8 3.13 3.18 3.29| 50052 200265 0.1
9| 3671 373 384 256557 899922 047
10] 657 665 6.78] 549939 2092443 1.1
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LC-MS results of DANA-OMe (continued)

Compound Table
DT |
Compound Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 2: C12 H19 N O8 0.88 305.1109 96125|C12 H19 N 08 305.1111 -0.5
Qd 1: C12 H19 N 08| 1.68[ 305.1111 45313|C12 H19 N 08 305.1111 0.13

Compound Label  |m/z |RT | Algorithm

Cpd2: C12ZHISNO8 3281 |0.88  |Find By Formula  |305.1109
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154)¢
14
13
12
11

Counts ve. Acguistion Time (min)

OBO0F 1 12741818 2 22242028 3 2234 3638 4 424445648 5 S2 545658 6 62646868 7 72747878
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LC-MS results of 2-OMe
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Compound Table

C

d Label RT Mass Abund Formula Tgt Mass m

Cpd 1: C17 H28 N2 08| 3.78] 388.184 273668|C17 H28 N2 08 388.1846 -1.42]

Compound Label m/z [RT_ [Algorithm Mass

Cpd 1: C17 H28 N2 08 [389.1909 _ |3.78 |Find By Formula 388.184

w0 ®

1.34[°

Cpd 1: C17 HZ8 NZ 08: +ESI EIC{389.1918, 411.1738) Scan Frag=150.0V 16101403.9 Smooth
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LC-MS results of 5-OMe

x10 ' [DADY - B:Sige254,8 181014050
14 208
12
1

084

02

£0.24

D44

0808 1 12141618 2 22 242628 3 3234 3638 4 42444640 § SISASE S8 6 6264 6868 7 72 74 78 78

Response Units va. Acquisition Tima (min}

User Chromatogram Peak List
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Compound Table

Compound Label I RT Mass Abund Formula

Tgt Mass

(ppm)

Cpd 1: C15 H22 N4 08| 2.06 38;1432 21869|C15 H22 N4 08

386.1438

-1.51

]

I-En;p;—ﬁ;l‘ci_ﬁ‘b_eT____Tﬁ?z — [rRT  |Aigorithm Mass
Cpd 1: CISH22 N4 08 409.1333 12.06  |Find By Formula ___ |386.1432

—
J
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LC-MS results of 7i-OMe
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Compound Table

Compound Label RT Mass Abund Formula Tgt Mass
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Cpd 1: C26 H28 N4 07 65.45 508.1952 13422|C26 H28 N4 07
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-1.15

(Compound Label |m/z RT__ [Wigorithm

(Cpd1:C26H28N4 07 (5311852 1645 _|Find By Formua

(s0sags2
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Solvent
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LC-MS results of 7i-OEt

x10 " |paD1 - C:Sig=254 .8 17041810.d
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of o o041 1.51) 149 0.07]
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Collision Energy [1] Ionization Mode  ESI
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Compound Table
o
Compound Label RT Mass Abund Formula Tgt Mass M}_
Cpd 3: C26 H2BN4 07| 3.38 508.1959 3737|C26 H28 N4 07 508.1958]  0.22
Cpd 2: C27 H30 N4 07 3.51 522.21 309038[C27 H30 N4 07 s22.2114]  -2.79
Compound Label m/z RT ithm Mass
Cpd 3: C26 H28 N4 O7 509.2032 3.38 Find By Formula 508.1959
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LC-MS results of 7i-OEt (continued)

MS Spectrum
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LC-MS results of 7i-OPr
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Compound Table
DT |
Comp Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 3: C26 H28 N4 O7| 3.35) S508.1964 9659 C26 H2B N4 O7 S08.1958 1.16}
Cpd 2: C27 H30 N4 07 3.48| 522.2111 234|C27 H30 N4 OF 522.2114 -0.63]
Cpd 1: C28 H32 N4 07| 3.62| 536.2256| 403346/ C28 H32 N4 07 536.2271) -2.56]
Compound Label myz RT Algorithm Mass
Cpd 3: C26 H28 N4 O7  509.2038 3.35 Find By Formula 508.1964
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LC-MS results of 7i-OPr (continued)
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LC-MS results of 7i-OPr (continued)

Cpd 1: C28 H32 N4 O7 537.2326 3.62 Find By Formula 536.2256
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LC-MS results of 7i-OBu
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LC-MS results

Compound Table

of 7i-OBu (continued)

Compound Label

RT Mass Abund Formula Tgt Mass

Cpd 3: C26 H28 N4 07|

3.35 508.1962| 17670{C26 H28 N4 07 508.1958|

Cpd 2: C27 H30 N4 07|

3.48| 522.2118| 432|C27 H30 N4 O7 522.2114)

Cpd 1: C28 H32 N4 07|

3.62 536.2272 1508|C28 H32 N4 OF 536.2271

Cpd 4: C29 H34 N4 07|

3.78 550.2427] 1018421|C29 H34 N4 07 550.2427)
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wl=]312
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mfz RT Algorithm Mass
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LC-MS results of 7i-OBu (continued)

Compound Label m/z RT ‘Algorithm Mass
Cpd 1: C28 H32 N4 O7 | 537.2341 3,62  Find By Formula 536.2272
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LC-MS results of 8b-OMe
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LC-MS results of 8b-OMe (continued)

Compound Table
DT
C d Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 1: C27 H31 N7 06 6.02 549.2324 386524|C27 H31 N7 06 549.2336|  -2.14
(Compound Label  m/z algorithm  [Mass
(Cpd 1: C27H3IN7 06 _ (2756236 _ [Find By Formula___1549.2324
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Figure S.5: Starting structures for MD simulations of 8b with a) NEU2, b) NEU3, and c)
NEU4. The inhibitors are shown with cyan carbons, and key active site residues are labeled.
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Table S.3: Most populated H-bonds to glycerol side chain during MD simulations.

Neu2 Neu3 Neud
Fraction Fraction Fraction
Cmpd  H-bond Occupied H-bond Occupied H-bond Occupied
07 - H,0? 56 % o7~ H,02 59 % o7 - H),0? 58 %
N11 - H,0a¢ 35 % N11 - H,0ac 29 % N11 - H,O2¢ 19 %
O7H - O(N5A¢)? 40 % O7H -~ E113 53 % O7H - E111 70 %
8b O8H - E218 53 % O8H -~ E113 43 % O8H - E222 82 %
o7 none o7 none 07 Y179 <1%
08 Y179 20 % 08 - Y181 8 % 08 Y177 <1%
N11 - R237°¢ 6% N10 -~ R245°¢ 5% N10 - G221 ¢4 5%

2 H-bonds to solvent are indicated in italics.
b Those in bold indicate intramolecular H-bonds.
¢ Note that O9H and O9 have been replaced with a triazole. The atom listed indicates the most populated H-bond to

a triazole nitrogen. See Error! Reference source not found. for atom numbers.

4 H-bond is to the backbone NH.

Table S.4: Key H-bonds to C4 substituent during MD simulations.

Neu2 Neu3 Neu4
Cmpd H-bond Fraction H-bond Fraction H-bond Fraction
Occupied Occupied Occupied
Guanidine ~ H,0? 46 % Guanidine ~ H,0%  41% Guanidine ~ H,0? 32%
sh Guanidine - E39 47 % Guanidine - E43 92 % Guanidine - E41 52 %
Guanidine - D46 3% Guanidine - D50 27 % Guanidine - D48 2%
Guanidine - N86 33% Guanidine - N88 50 % Guanidine - N86 13 %

@ H-bonds to solvent are indicated in italics.

Table S.5: Most populated water bridges between the inhibitor 8b and enzyme during MD

simulations.
Neu2 Neu3 Neud
. Fraction . Fraction . Fraction
Cmpd  Neu2 residues Occupied Neu3 residues Occupied Neud residues Occupied
0
Bl (glycerol)  65% D50 (C4) % 1l ohcerol) sse;
g,  R237 (glycerol) 34 % R245 (glycerol) 47 % D48 &gR);g 32 0/0
R41 (C4) 23 % E113 (glycerol) 42 % (C4/N5Ac) 0
. N i 0
Q270 (triazole) 10 % H277 (triazole) 17 % R242 (glycerol) 27 %

2 The closest region of the inhibitor is indicated in parenthesis.
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Test of the fluorescent properties of compounds screened. A solution of each compound (2.5
uL; 4 mM), or of the sample combined with 4AMU-NANA (2.5 pL; 125 uM), was diluted with
water (15 pL) and glycine buffer (100 pL 0.2 M, pH 10.2) and transferred on 386-well plate.
Fluorescence (Aex = 365 nm; Aem = 445 nm) was detected by a plate reader (Molecular Devices,
Sunnyvale CA). Compounds alone were not fluorescent, and no significant effects on the
fluorescence of 4AMU-NANA were observed.
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Test of the NEU activity of HEK293E cells. The same amounts of Hek293E cells and a
Lentivirus expressing Cathepsin A and Human neuraminidase 1(Cath-Neul) with an N-terminal
Hise-tag transduced Hek293E cells were seeded in 10 cm? plates individually. After the
cells reached confluence, they were washed 3 times with 1 mL of PBS and harvested in 300 pL of
PBS for each plate at the same density. The total harvested mixture was sonicated (10 seconds, 5
times at 60 Watt) on ice. Then lysis buffer (1 mM EDTA; 0.2 M NaCl; 20 mM MOPS; 0.1%
Triton X-100. pH 7.2) was added, and left agitating for 1 hour on ice at 4°C. The neuraminidase
activity of the crude cell lysate was determined with 50 pM 4MU-NANA.
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