Electronic Supplementary Information

Design, synthesis, and evaluation of curcumin analogues as
potential inhibitors of bacterial sialidase

Bo Ram Kim # T, Ji-Young Park ™ T, Hyung Jae Jeong?, Hyung-Jun Kwon®, Su-Jin Park®, In-Chul Lee

® Young Bae Ryu® ", Woo Song Lee™”

Affiliation

2 Bjo-processing Technology Development and Support Team, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup 56212, Republic of Korea

® Natural Product Material Research Center, Korea Research Institute of Bioscience and Biotechnology,
Jeongeup 56212, Republic of Korea

* Corresponding authors at: Natural Product Material Research Center, Korea Research Institute of
Bioscience and Biotechnology, Jeongeup 580-185, Republic of Korea. Tel: +82 63 570 5170; Fax:
+82 63 570 5239(W.S. Lee), Tel: +82 63 570 5171 (Y.B. Ryu). E-mail address: wslee@kribb.re.kr

(W.S. Lee) and ybryu@kribb.re.kr (Y.B. Ryu).

"Both authors contributed equally to the work.

S1


mailto:ybryu@kribb.re.kr

Contents of Supplementary Information

1. Characterization data
B H and **C NMR spectrum of curcumins (pp. S3 — S29)

2. Preparation of enzyme
B Sequence data of prepared enzymes (pp. S30-S31)
B Michaelis-Menten plots and Linewever-Burk plot of S. pneumoniae NanA Kn,

values (pp. S32)
3. Bioassay plots

B Lineweaver-Burk and Dixon plots of the compound 4a, 4e, 5g and 5e (pp. S33 -
S34)

SZ



-1.9

Le
<

& uJ
5 |v

4b (500MHz, acetone -d6)

< |

1. 'H and 3C NMR spectrum of curcumins
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Figure S1. 'H (top) and *C NMR (bottom) spectra in acetone-ds of 4b



=
g
o
Lo o
£S
1 19582
o Jouwse
IR A2
— I 5062
w 2= o JLsree
N Fg S\ ese6z
ovE 6T
o \sevee
FS  \esvec
fo 0o
< <y o
3=
2
I R
S
£8
- T [o — O76C
— I
— o
[R
0018 - s \m.
— o <rsse
<
=
3=
8
=3
| F8 —weotor
[2 -
3
£S _seror
— 3 gt
2 022t
i 'S /o
— _ [o a6 — [N L
— [© /Nmo,mﬁ
| fe ~\8eLEe
Y09 £ \ezrs
807 :
g | L3 g
. Fe _—
— S _ re igs S eyt
vz, R T e
B ——— ] g — oot
kg —
6 3 F Neser =B egetsr
— = N st
J €092 ES
Le Q
©
o
ES
S
=1
< o © E8
g ) g | ES __ogoesT
] [}
5 5 3
o =1 Fe Q
g z g = g
N o 8 N S e90g
I rs = I <1 061'50E
S - 2 S DR AT
S g ] e /Swmoww.
3 2 = Fe \61990z2
~ 5 ~ ™ \serioze
Q = Q =
,4 T T T T T T T T T T T T T T T T T T T T T T T T x ,A. T T T T T T T T T T T T T T T T T T T x
52 vZ €2 ¢2 T2 02 6T 8T LT 9T 6T T €T ¢T TT 0T 60 80 L0 90 S0 ¥0 £0 20 10 Dz 6T 8T LT 9T ST ¥T €T 2T TT 0T 60 80 L0 90 S0 v0 €0 20 TO O
souepunge souepunge

S4

Figure S2. *H (top) and *3C NMR (bottom) spectra in acetone-ds of 4c
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Figure S3. *H (top) and *3C NMR (bottom) spectra in acetone-ds of 4d
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Figure S4. H (top) and *3C NMR (bottom) spectra in acetone-ds of 4e
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Figure S5. H (top) and *3C NMR (bottom) spectra in acetone-ds of 4f
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Figure S6. *H (top) and *3C NMR (bottom) spectra in acetone-ds of 5a

S8




o =]
- E BT
= fFo
Lo ) €vv'8z
S |esese
1182
fo €98'82
& 970'62
Wr 89162
F3 to J reree
jM 8 =\ T1ee6e
3 91’62
3 o 7LY'62
107 3= 69562
020 3
2 v20c o
MMMM 8 8255
~oov'ss
=
35
—_— —0€8¢
[2
™ o
es
8e8e £2
_ gege £ [
F2 \wese
T
E 3
c fo
— 2 F8 —seron
o 3 -
[w o 0e€0TT
=% s Zasm
—= I~ Noem
3 o
E L2 60LT2T
Fo \
]
g s <o
FS =—serser
, €99 3] 015821
6,0 ng.w 3
= esl9 3 2 662°0vT
60C ) . ¢L6'9 — =% S ~gzeovt
9 [~ _\~6.69 = 1S6°9PT
60T — %83 T3 2 MNQ 6v1
266'9 —F & 618'6vT
89T
g Urs RN
150 M 08T'L o
— —W\otez E2
re Woees E N
LesL o
695'L T
1.5, -
€09'L °
© o —~ \%
() [ © 4 S Uzeest
> > o
S S = 0
@ I @ E = @
o] B Q Lezsoz
< ° s N £2 6.€'5025
T re = T Q ¥8Y'S0&S
S 2 S 265502
S g ] 2 6855028
2 E 2
5 2 S g Newsoze
o 8 o 2 666'S0ZS.
1] * 1] 8 859'90%;
T T T T T T T T T i T T T T T T T T T T T T
DS (134 0t 0 0 LT0 9T0 ST0 10 €10 2I'0 TI0 T0 600 800 L00 900 S00 ¥00 €00 200 T00 O
aouepunge aouepunge

S9

Figure S7. *H (top) and *3C NMR (bottom) spectra in acetone-ds of 5b
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Figure S9. *H (top) and *3C NMR (bottom) spectra in acetone-ds of 5d
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Figure S12. *H (top) and *3C NMR (bottom) spectra in dimethylsulfoxide-ds of 5g
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Figure S14. H (top) and *3C NMR (bottom) spectra in acetone-ds of 5i
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Figure S18. H (top) and *3C NMR (bottom) spectra in acetone-ds of 5m
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Figure S20. 'H (top) and *3C NMR (bottom) spectra in acetone-ds of 50
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Figure S21. H (top) and *3C NMR (bottom) spectra in acetone-ds of 5p
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Figure S22. H (top) and *3C NMR (bottom) spectra in acetone-ds of 5q
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Figure S24. H (top) and *3C NMR (bottom) spectra in acetone-ds of 5s
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Figure S25. H (top) and *3C NMR (bottom) spectra in acetone-ds of 6
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Figure S27. H (top) and 3C NMR (bottom) spectra in acetone-ds of 8
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Preparation of enzyme

gaaggagcggct t taacagagaaaacggacatat tcgaaagcgggcgtaacggtaaacca
EGAALTEKTD I FESGRNGKP
aataaagatggaatcaagagttatcgtattccagcacttctcaagacagataaaggaact
NKDGI KSYRI PALLIKTDIKGT
ttgatcgcaggtgcagatgaacgecgtctccattcgagtgactggggtgatatecggtatg
L I AGADERRLHSSDWGTD I G M
gtcatcagacgtagtgaagataatggtaaaact tggggtgaccgagtaaccattaccaac
V.1 RRSEDNGKTWSGODRV T I TN
ttacgtgacaatccaaaagcttctgacccatcgatcggttcaccagtgaatatcgatatg
L RONPKASDPS I GSPVNIT DM
gtgttggttcaagatcctgaaaccaaacgaatcttttctatctatgacatgttcccagaa
v§ivaQaDbprPETKRIFS I YDMEFTPE
gggaagggaatctttggaatgtct tcacaaaaagaagaagcctacaaaaaaatcgatgga
GKGI FGMSSQKEEAYKK I DG
aaaacctatcaaatcctctatcgtgaaggagaaaagggagcettataccat tcgagaaaat
K TYQ 1l LYREGEZKSGAYTTIlIRTEN
ggtactgtctatacaccagatggtaaggcgacagactatcgegttgttgtagatcctgtt
G TVYTPDGKATDYRVYVVDPYV
aaaccagcctatagcgacaagggggatctatacaagggtaaccaattactaggcaatatc
K PAY SDKGDTULYK KGN GQLTLGN I
tacttcacaacaaacaaaacttctccatttagaattgccaaggatagctatctatggatg
Y F T TNKTSPFRI AKDS SYLWM
tcctacagtgatgacgacgggaagacatggtcagegectcaagatattactccgatggtce
SYSDODDGKTWSAPQD I TPMYV
aaagccgattggatgaaattcttgggtgtaggtcctggaacaggaattgtact tcggaat
K ADWMKZFLGV GPGTS G I VL RN
gggcctcacaagggacggattttgataccggtttatacgactaataatgtatctcactta
GPHKGRI L I PVYTTNNVSHIL
aatggctcgcaatcttctcgtatcatctattcagatgatcatggaaaaacttggcatget
NGS QS SR I I'YSDDHGKTWHA
ggagaagcggtcaacgataaccgtcaggtagacggtcaaaagatccactcttctacgatg
GEAVNDNRQVDGQK I HSSTM
aacaatagacgtgcgcaaaatacagaatcaacggtggtacaactaaacaatggagatgtt
NNRRAQNTESTVVQLNNGT DV
aaactctttatgcgtggtttgactggagatcttcaggttgctacaagtaaagacggagga
K LFMRGLTSGDTLAQVATSIKDGSEG
gtgacttgggagaaggatatcaaacgttatccacaggttaaagatgtctatgttcaaatg
VT WEKDI KRYPQVKDVYVQM
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1141 tctgctatccatacgatgcacgaaggaaaagaatacatcatcctcagtaatgcaggtgga
S Al HTMHEGKTEY I I L SNAGSG
1201 ccgaaacgtgaaaatgggatggtccact tggcacgtgtcgaagaaaatggtgagttgact
P KRENGMVHLARYVETENGETLT
1261 tggctcaaacacaatccaattcaaaaaggagagtttgectataattcgetccaagaatta
WLKHNPI QKGETFAYNSLA QE'L
1321 ggaaatggggagtatggcatcttgtatgaacatactgaaaaaggacaaaatgectatacce
GNGEY G I LYEHTEIKG GQNAYT
1381 ctatcatttagaaaatttaattgggactttttgagcaaagatctgatttctcctaccgaa
L SFRKFNWDTFLSKUDTLTI SPTE
1441 gcgaaagtgaagcgaactagagagatgggcaaaggagttattggettggagttcgactca
AKV KRTREMGKTG GV I GLEFDS
1501 gaagtattggtc
E V L V

Figure S28. Nucleotide sequence and protein sequence of synthesized S. pneumoniae

neuraminidase A (NanA)
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Figure S29. Expression and purification of S. pneumoniae NanA.
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Figure S30. Michaelis-Menten plots (A) and Linewever-Burk plot (B) of S. pneumoniae NanA Kn,
values. The reaction was performed at various substrate concentrations to obtain enzyme K, values.

SigmaPlot was used to fit the kinetic data using Michaelis-Menten and Lineweaver-Burk double

reciprocal plots.
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Figure S31. Graphical determination of the inhibition type for compounds 4a, 4e, 5q and 5e.
Lineweaver-Burk (A-D) and Dixon (E-H) plots for the inhibitory activity of compounds 4a,
4e, 5q and 5e, respectively, against S. pneumoniae NanA hydrolysis activity in the presence

of different substrate concentrations.
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Figure S31. Graphical determination of the inhibition type for compounds 4a, 4e, 5q and 5e.
Lineweaver-Burk (A-D) and Dixon (E-H) plots for the inhibitory activity of compounds 4a,
4e, 5q and 5e, respectively, against S. pneumoniae NanA hydrolysis activity in the presence

of different substrate concentrations (continued).
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