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# of distance constraints used for final
structure caleculation

average target funetion

(.23 = 0.00

average backbone RMSD to mean

.03 A + 0.01
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0.46 A = 0.05

# of violated distance constraints
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Residus Sk SGC° Rasidue SH? SGF
{3y 1 - 169.¢ Phe 4 - M
2 4.36, 3.66 425 2 3.42 58.1
NH 3.44 - 3 3.54, 3.11 34.8
Val 1 - 174.% 4 ~ 1388
2 4 .39 5G. 7 h, 8 7 44 129.5
3 207 33.3 & 8 7.28 128.1
4 .93 16.1 7 7.20 1268.0
5 0.96 18.3 N .68 -
NH 8.02 . Phe 1 . ND
Gly 1 - 171.5 ¢ 3.82 61.3
2 457 372 42.3 3 3.70, 3.03 35.4
N .00 - 4 ~ 138.1
he 1 - ND 5 9 7.18 126.9
2 4 .84 525.3 g, 8 725 128.1
3 3,37, 2.85 35.2 7 7.30 128,12
4 - 137.3 N 7.82 ~
5, 8 7.35 128.4 He 1 - ND
G, 8 7.31 128.3 2 4.3 58.7
7 7.23 126.6 3 1.86 37.0
M 8.68 - 3 {3.83 15.8
Pro 1 - 171.5 4 1.11, 0.69 23.0
e 3.580 83.2 & (.79 11.2
3 2.54 1.91 297 HWNH 8.61 .
4 207 24,9 His 1 - 175.3
5 3.88, 3.50 47 6 2 537 50.9
Leu 1 1721 3 282 278 2.5
3 4.13 8.7 4 M
3 1.75, 1.87 34.6 5 7,15 119.8
4 1.28 25.4 £ 83.53 133.3
5 (.50 225 N 3.4% -
fa .91 20.2 Phe 1 . 173.4
NH 8.08 . Z 476 5.5
Az g ~ 172.0 3 4.27. 3.50 38.2
2 4 .55 50.0 4 - 136.9
3 1.33 17 .4 5,9 7.31 129.5
N 8.38 - 8, 8 7.23 130.0
ASD L - ND 7 i 126.4
2 4.58 48.4 N &8.25
3 2.3% 36.7 AsSD 1 N’D
4 - ND Z 4.29 50.9
N 7.34 ~ 3 2.94 2.688 36.2
4 - ND
NH &.04 -
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VDA 348 | D-atanine--{R-actate ligase
VENX 202 D-Ala-D-Ala dipeptidase VanX
ajrk 340 StrE-ike transcriptional reguiator

aah 303 rephenale dehwarggenase

............... e BA o ABCpamspotter
ETA 2087 NRPS (A-T-C-A-T-ES
karD 1055 NRPS (C-A-T)
karC 405Y NRPS (C-A-T-BE-C-A-T-E-C-A-T)
erD 1864 NRFS (C-ATX-TE)

___________
Kerd a1 rypotheiical prolemn

_____ emBS%cytochme%D

B 408 CGlycosvitransferase

kerM 308 O-methyitransferase

o ghe 4038 - dycosvitransferase
KerZ 270 PiG-L family deacetyiase

gt 023 Mannawitransferabe

nmas 350 4. hydmxyphewipgruvat& dxexygenas@
hme 038 o phenvigyoolgleoxdase
____________
kraf 475 NDP-hexosas 2,3-dehvdraiase
krab 325 NAD-dependent epimerase/dehydralase
krals 368 Aminctransferase
krals 205 dTDP-d-keto-B-caoxy-D-glucosa egimarase
...........
dpgB 2139 eroyvi-CoA hydratase
dpgC 404 enovi-CoA hydratase
dpgh 283 encovi-CoA hydratase
danp 3H& 3-deoxy-7-phosphoheptuionate synthase
ke 8B . hypotheticalprotein "

FIG. 9H
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180 Muttiplicity e 3 Multiplicity .
CiH SH (+2) 5C CiM 54 ) 50
N 8.54 LM - N 7.42 U i
COOH - - 173.2 COOH . . 169.5
o 442 d (6.1) 57.6 o 4.45 q{9.8) 56.4
, ! . . 137.7 . B 269,255 4(7.0,87) 394
A 2 6.57 3 109.1 ' 1 . . 137.0
3 i i 1577 2 8.87 g (7.5) 129.5
4 6.60 5 102.0 3 5.9 £(7.4) 128.5
5 1552 4 7.03 £(7.3) 126.8
& - - 120.8 N N . -
N ' i . COOH : ) 174.3
COCH . . 173.2 a 441 d {3.9) 59.0
Qo 4.45 d (3.9} 5342 1 - . N
1 - - ND G 2 7.44 S 128.3
2 2 7.18 3 138.2 3 . . 119.2
3 - . 120.8 4 - - 152.9
4 - 155.8 5 §.94 d (8.0} 116.7
5 8.8 UM 116.2 6 7.21 L 127.8
5 6.50 LM 1268.2 3 5.18 LR 981
& 6.92 . . 2 3.19 t 4.1} 70.4
COOH . . 1670 3 3.22 £ (8.9} 70.7
G 4.2% o (11.4) 61.5 ¢ 4 3.39 £{9.2) 86.9
¢ 541 R 74.8 5 3.49 ¥¥ 742
- 1 i - 138.8 & 348, 345 UM 5.2
- 7 7.89 5 129.3 1 3,87 L 54,2
3 i . 127 .5 3 2.0, 1.48 &Y 37.2
4 . i 150.0 3 3.23 i 47.2
5 7.32 d (8.2) 1242 o, SNHe  ND . :
8 7.38 d (8.3) {27.8 54 2,57 £{9.6) 86.5
N 219 LM . 4-OMe  3.33 s 58,
CQOOH - - 170.3 5 3.64 % &7.3
B 562 3 (8.5) 54.5 6 1.47 d (5.7 8.7
4 . : 133.7 3 567 d (7.4) 05.8
¥ 2 517 3 104.9 2 3.62 £ {8.2) 77.1
3 . - 1514 3 3.46 £ {8.6] 78.2
4 . . 132.4 5 4 3.22 £{8.9) 70.3
5 ) . 163.1 5 326 m{46102) 781
% 565 3 108.4 8 3.72 d (10.2) 51.4
fH N - i 3 5.18 M 100.6
COOH . " 188.5 ’A 3.71 £(3.2) 74.1
& 4,52 {3.8) 59.7 oy 3.5 t(10.2) 71.1
& 5.2 d (4.1) 71.5 RO 3.2 £{10.2) 72.2
e 1 " " 137.6 5 4.12 M (6.2) 68.8
2 7.78 g (8.3) 128.2 5 1.08 d (6.0) 18.5
3 720 4 (8.3) 122.9 '
4 . . 1558
5 7.13 d (8.4} 1241
5 7 05 5 (8.4) 128.6

28O0 MHz, Pdetermined by edited HSGQC and HMBC, UM: unrespived muitiplicity, ND: not detected.

FIG. 11A
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it §H? dultiplicity  {Hz} SC¥ G sH° Multiplicity  {Hz) aC"
P 8.47¢ L3t - NH 7.3 ~ ~
COGH - - 173.3 COOH - - 168.5
& 442 d {8.1) 57.G o 4.5 q {8.2) 52.5
, 1 . . 137.7 . 3 281,257 d{89 7.0) 40.0
A < £.53 S 109.0 1 - - 138.3
3 - - 157 .6 2 6.79 d (7.7) 128.1
4 6.66 3 102.7 3 &.85 t{7.3) 128.3
5 - ~ 15%5.1 4 &.99 t{'*" 2‘: 126.4
5 - - 121.2 COOH . 172.0
N 8.5 LM - QO -~ -~ 183.2
CGOH - - 174.5 1 -~ -~ 124.5
& 4.45 S ST G 2z 7.98 S 131.8
1 - . N 3 ~ - 1156
2 Z 722 S 138.2 4 ~ ~ 152.9
3 - - 121.5 5 8.34 a {8.8) 119.6
4 - 155.8 &) 7.8 g {3 5‘: 132.9
& 6. 32 d (8.2} 115.8 1 5.15 1M 88.0
£ 6.8 LR 125.8 2 311 LIM 0.0
T 7.10 U - A 3 3.16 £{8.2) 70.5
COOH - g7z 9 4 3.36 1{9.4) 66.9
& 4.23 £{7.5) £1.23 5 3.49 (7.7 74.1
B 5.07 UM 74.8 6 3.453.489 Ling 61.2
o 1 ~ ~ 138.7 1 472 U 93.4
| 2 7.86 3 129.1 2 2.18, 1.63 LA 35,4
3 - . 127.7 3 3.5 {{B.8) 48.9
4 - 1499 . 3NH:  ND
5 7.3 d {7.8) 1239 ¥ 4 2.78 Y 83.5
& 732 ¢ {10.5) 127.3 4-OMe 3,533 > 58.%
N 779 d (7.8) - 5 3.67 UM 87.0
COQR -- - 170.5 6 1.18 g {5.7) 18.3
3 561 d (8.4} 54.1 { 5.63 8 {7.5) 90.8
1 - - 133.5 2 3.59 t (8.2} 77.3
i3 2 5.7 S 1034.3 . 3 348 t{7.7) 77.5
3 1546 4 4 3.2 £{8.7) 70.4
4 . 132.2 5 3.31 LM 778
5 - - 153.2 §  3.72, 345 d {10.5} 61.3
5 5.58 3 108.1 1 5.39 Y 95.5
NP 7.62 a{7.9} - 2 214, 1.67 LR 34.3
COOH - . 167.8 3 3.8 m {8.2) 4G5
a 4.77 £(3.8) 593 Dg 3-NH:  ND : :
5 5.24 i {2.5) 712 4 306 LY 73.1
. 1 . - 137.3 ¢ 4.23 UM 88 4
- 2 7.62 d (7.9) 128.1 & 1.08 g {(8.0) 18.5
3 7.2 ' '{? 8) 1227 |
4 ~ 155.2
5 7.13 (? 9} 123.9
_____________________ 5?"9?"{31@131254
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it §H? dultiplicity  {Hz} SC¥ G sH° Multiplicity  {Hz) aC"
P 8.47¢ L3t - NH 7.3 ~ ~
COGH - - 173.3 COOH - - 168.5
& 442 d {8.1) 57.G o 4.5 q {8.2) 52.5
, 1 . . 137.7 . 3 281,257 d{89 7.0) 40.0
A < £.53 S 109.0 1 - - 138.3
3 - - 157 .6 2 6.79 d (7.7) 128.1
4 6.66 3 102.7 3 &.85 t{7.3) 128.3
5 - ~ 15%5.1 4 &.99 t{'*" 2‘: 126.4
5 - - 121.2 COOH . 172.0
N 8.5 LM - QO -~ -~ 183.2
CGOH - - 174.5 1 -~ -~ 124.5
& 4.45 S ST G 2z 7.98 S 131.8
1 - . N 3 ~ - 1156
2 Z 722 S 138.2 4 ~ ~ 152.9
3 - - 121.5 5 8.34 a {8.8) 119.6
4 - 155.8 &) 7.8 g {3 5‘: 132.9
& 6. 32 d (8.2} 115.8 1 5.15 1M 88.0
£ 6.8 LR 125.8 2 311 LIM 0.0
T 7.10 U - A 3 3.16 £{8.2) 70.5
COOH - g7z 9 4 3.36 1{9.4) 66.9
& 4.23 £{7.5) £1.23 5 3.49 (7.7 74.1
B 5.07 UM 74.8 6 3.453.489 Ling 61.2
o 1 ~ ~ 138.7 1 472 U 93.4
| 2 7.86 3 129.1 2 2.18, 1.63 LA 35,4
3 - . 127.7 3 3.5 {{B.8) 48.9
4 - 1499 . 3NH:  ND
5 7.3 d {7.8) 1239 ¥ 4 2.78 Y 83.5
& 732 ¢ {10.5) 127.3 4-OMe 3,533 > 58.%
N 779 d (7.8) - 5 3.67 UM 87.0
COQR -- - 170.5 6 1.18 g {5.7) 18.3
3 561 d (8.4} 54.1 { 5.63 8 {7.5) 90.8
1 - - 133.5 2 3.59 t (8.2} 77.3
i3 2 5.7 S 1034.3 . 3 348 t{7.7) 77.5
3 1546 4 4 3.2 £{8.7) 70.4
4 . 132.2 5 3.31 LM 778
5 - - 153.2 §  3.72, 345 d {10.5} 61.3
5 5.58 3 108.1 1 5.39 Y 95.5
NP 7.62 a{7.9} - 2 214, 1.67 LR 34.3
COOH - . 167.8 3 3.8 m {8.2) 4G5
a 4.77 £(3.8) 593 Dg 3-NH:  ND : :
5 5.24 i {2.5) 712 4 306 LY 73.1
. 1 . - 137.3 ¢ 4.23 UM 88 4
- 2 7.62 d (7.9) 128.1 & 1.08 g {(8.0) 18.5
3 7.2 ' '{? 8) 1227 |
4 ~ 155.2
5 7.13 (? 9} 123.9
_____________________ 5?"9?"{31@131254
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Ll SH fultinticity {(Mz) SCE CiH Sht” Muttipticity Mz}  &C°
NH 8.32 SHY] - Sy M - -
COOH - - ND COOH - - N
Qo 4.43 d {5.1) 57.3 $ 4.5 g {8.2) 55.8
1 - - . % 259 d {6.3) 40.3
A, 2 6.45 § 108.9 1 - - N
3 - - 2 5.78 d {7.6} 1297
4 6.69 S 103.2 3 8.84 £{7.5) 128.5
5 - - M 4 5.98 t{7.4) 126.6
& - - N COOH - - ML
N 8.55 L - CO - - N3
L . ~ N 1 ~ - L2
5 4 44 Lif 54.3 & 2 7.98 5 134 .4
1 . - - | 3 - - M
= 2 723 3 138.2 4 - - N
3 - - N 5 8.3 4 {6.3) 118.8
4 - - MO & 7 67 d {8.6) 1283
5 6.8% d (7.5) 116.2 1 5.16 UM 98.3
3 6.8% 3 (8.8 128.2 2 3.2 {0 70.2
Nk ND - - e 3 3.2 ({8.7) 70.8
COOH - - ND e 4 3.37 {1 B87.1
Q A.25 d {11.5) 61.5 5 348 (7.7 743
¢ 507 i 744 B 3.47 LI 61.4
o 3 - - ND 1 473 UM 93.7
2 7.86 3 128.3 2 218, 1.61 {10 35.3
3 . - N 3 3.49 UM 47.3
4 - - N oo INH: ND - -
5 7.28 4 {8.3) 124. 1 3 4 2.65 UM 88.7
£ 7.32 d {8.4) 127.8 4-CMe 3.54 5 58.5
NH ND - 5 3.65 't 87.3
COCH - - NI & 1.19 d (5.6) 18.5
a 5.59 d (5.0} 54.7 g 563 ¢ {7.4) 95.8
1 - . 2 359 t{8.3) 77.6
¥ 2 5.0} S 104.4 3 345 LM 778
| 3 - - N 4 3.15 d{9.1) 70.9
4 - - N 3 3.31 113 8.1
5 - - N 8 3,73, 3.44 M 61.5
& 5.55 S 108.3 (N 5.13 UM 100.8
NH 7.83 d (8.5 - 7 3.72 LI\ 71.0
COOH - - ND o 3' 3.48 Uhd 1.1
o A.77 dd (8.4.4.6) 59.6 g Ay 3.21 £{9.4) 724
R 5.2%5 3 (3.3} 71.4 £ 4 .08 m 68.8
. 1 - - ND 6 1.08 d{6.1) 18.4
i 2 7.81 g {8.5) 128.3
3 7.21 ad {7.8.1.6) 123.0
4 - - ND
5 743 Gd{7.8,1.73 124 1
........... 6  7oe A8y A8 T

RGO MHz, Pdetermined by edited H3GQC and HMBC, UM: unresolved multiplicity, ND: not detacted.

FIG. 15A
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Wi Fta b Multiplicity {Ha) 00 Cit S Multiplicity {(Hz)  §C°
NH g7 d {4.4) : N 8.16 T 2
COOH - . 173.2 COOH P - 165.5
> 443 & {5.8) 57.5 o 4.74 M 62.8
1 . i 137.3 2 563 4 {8.4) 774
A 2 §.52 3 108.9 1 : ; 137 6
3 i - 158.0 3 2 742 d {8.1) 128.9
4 5.71 5 102.7 3 7.22 d (8.0} 122.0
3 - } 155.6 4 : - 158.7
% i . 1215 5 7 4 {8.8) 1235
NH 865 d (3.5} : 6 7.20 d {8.8) 127.5
COOH - . ND NHGO - 160.1
a 4.59 G {3.9) 54.2 NH 784 & {9.2) X
1 . : 132.8 COOH . . 169.5
5 2 7.23 s 136.4 a 34 4{7.8,92) 57.6
3 . . 119.2 - 8 2.75,2.58 d {10.7) 39.9
4 . ' 155.0 1 } . 137.0
5 594 g (2.1) 116.2 . 6.85 d (7.4) 126.9
8 5.82 Ut 128.3 3 8.8 ${7.4} 128.5
NH 72 - . 3 8.97 £{7.2) 127.1
COOH i i 1677 1 52 UM 98.3
5 4.29 3 {11.3) 61.6 . 3.18 £{3.4) 70.4
8 5,11 Y 75.2 - 3 324 t{3.6,9.7) 71.0
- ; : - 138.8 A8 4 3.39 £{8.7) 57.1
- 2 7.89 g 126.5 5 3 48 UM 74.4
3 ! i 127.5 6 3.49,3.45 d (7.5 61.2
4 i i 150.0 1 4.76 £ (4.0 93.9
5 7.28 g {8.2) 124.0 2 217, 1.65 B 35.2
8 7.35 G (8.0} 128.1 3 %5 52 m {(8.9) A7
NH 8.13 g {8.5) - co  3NH: ND - )
COOH i . 175.2 < 4 28 £ (0.0) 83.7
> 5 56 ¢ {8.8) 54,1 4-OMe  3.35 5 58.6
4 i i 1337 5 .68 o1 {6.0) 67.3
» 7 £ 14 5 105.0 5 1.9 d {5.5) 18.8
3 i . 151 .4 1 5 653 & {7.5) 9.5
4 ' i 132.4 2 3.55 t(3.4) 77.7
5 - - 15331 B 3 3.41 i {8.03 78.1
7 5 51 5 142 6 J 3 3.14 £{9.0) 74.1
5 3,22 m (8.7 78.7
6  3.72,3.37 d(3.4,6.2) 82.0
1 5.43 UM 101 2
- 2 3.71 £ {3.3) 71.0
Ug g 3 40 £{9.2) 71.4
A

3.2

4y

REL

TEB00 Mz, Ydetermined by edited HSQOC and HMBC, UM: unresalvad multiplicity, ND: not defectad,
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Muttipticity

AL Wadt L b
GiH SH (Hz) G G St (Hz) &G
NH 8.67 d (4.8} . NH 8.19 UM :
COGH i : 173.2 COOH : : ND
a 4,49 d (5.8} 57.5 o 4.75 UM £2.5
1 - . . 8 5.93 d (8.4) 78.8
A 2 6.20 e 106.5 1 i - ND
3 . : N = 2 7.14 dd (1.4,7.4) 1988
4 6.42 3 102.7 3 7.32 d (7.1} 131 8
5 - : N3 A i - ND
§ . i ND 5 7 dd (1.8,8.1) 123.3
NH 8.54 d (3.2) & 7.3 dd (1.5,9.1) 127.5
COOH . : ND MHCO X ND
& 4.59 d (3.4} 54.0 N 7.85 d {9.1) i
1 - : N3 COOH i i N
B 2 7.35 & 136.3 a 4.35 5 {8.7) 57.4
3 . : D - § 278,28  1(I03)d{7.1y 397
4 ' : ND -* 1 i i ND)
5 5.84 d (8.9 116.2 2 6.86 d (7.7} 1296
& 6.82 id {2.8.9.0) 126.2 3 5.8 t{7.3) 1285
NH N} i i 4 6.98 t{7.3) 126.9
COOH i : 16874 1 5,19 U 98 4
& 4.28 3 (10.6) 651.6 2 3.18 £13.0) 760.2
% 5,13 UM 75.0 A 3 3.25 £3,0) 70.8
- 1 ) - ND S 3.4 £{9.3) 67.0
g 2 75 e 129.3 5 2.5 o 742
3 . : MDD 8  3.48,3.46 Ut 61 1
4 i : ND 3 475 LM 03.8
5 7.28 d {8.2) 124.4 2 2,19, 186 Y 5.0
& 7.35 & {7.4) 127.9 3 5.53 m 47.1
NH 8.13 d (8.8) - g, SN ND - :
COOH - ) D 4 4 2853 £ {9.6) 33.4
o 5,57 d (5.8} 54 1) 4-OMe  3.34 s 58.4
1 -~ - N 5 3.6 £7 67.3
D 2 5.13 5 10043 & 1.2 5 (5,3} 8.8
3 . i ND 1 5,64 4 {7.4) 99.3
4 ' : MDD 2 3.69 {(8.4) 77.4
5 i : ND PR 3.43 {34} 77.8
8 553 S 112.4 9 4 3.18 t{9.0) 0.7
5 3,23 ™ 78.4
& 372, 2.39 g (10.8) 616
& 5.37 UM 95,8
2 2.44,1.89 UM 34.6
Do 3 . m 49.8
2-Nis ND - :
A 3.06 £ (8.4) 73.2

2800 MHz, “determined by edited H3QC and HMBC, UM: unresolved muitiplicity, NID: not detected.

KIG. 17A
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Riuttiplicity Muttiplicity

B b - AL RS G
i &+ (+z) &0 CiH St (Hz) SC
NH 8.52 LR : NH &.14 UM i
COOH i : 173.3 COOH . : 166.2
s 4.44 d (5.8) 57.7 e 4.75 d (9.0} 62.6
1 : . 137.3 2 5.93 g (8.2) 76.8
A 2 6.34 5 106.5 : i - 132.4
3 - i 157 5 = 2 7.42 dd (1.7.8.2) 128.6
4 6.39 5 102.7 3 7.2 dis (2.3} 121.8
5 : - ND 4 i i 158.7
6 : i 1158.6 5 7.02 4 (3.1,9.0) 123.4
NH 8.75 g (3.4) 5 7.31 dd (2.1,8.5) 127.5
COOH i N ND NHCO . 159.7
S 4.58 d (4.3) 54.4 NH 7.84 ¢{9.8) :
1 - : 126.4 COOH ' 160.5
R ? 7.37 5 136.6 o 4.31 g (7.8, 9.2} 57 &
3 : i 192 4 - 8 2.76,2 d {(10.5) 39.9
A " i 1559 1 137.0
5 6.7 d (8.6) 116.5 7 5.82 d (7 5) 126.6
6 6.67 dd {1.8,8.6) 125.7 3 5.94 t{7.6) 128.5
NH 6.01 i : 4 7.02 (7.4 126.7
COOH : i ND 4 4.69 UM 4.0
e 4.32 £{8.7) 615 T 242, 1.54 UM 36.7
; 5,13 LM 74.8 3 3.31 dd (182 47.3
- 1 , . 1388 . 3NHZ  ND ' .
’ 2 7.93 5 o4 ¥ 4 2 65 t ,9 7) 25.7
3 : i 127 5 4-OMe  2.34 58.3
4 i : 149.9 ; 3.85 n 67.8
5 7 .26 ¢ (8.6) 124.1 s 1.18 g {5.8) 18.7
6 7 .38 dd (1.7.8.0) 127.9 -@ 565 g (7.8) 5.2
NH 8.24 g (8.7) : 2 3.59 t{8.1) 77 5
COOH - ) 1700 3 343 UM 78.0
e 564 d (8.9 542 ¥ 4 3.15 £{9.5) 70.5
1 : : 134.5 5 3.23 m (5.0) 78.5
D ? 5.17 5 104.8 5 373,338 d {(10.3) 61.9
3 : . NG { 5 35 UM 36.1
A - ) 1331 2 2416 UM 254
5 i : ND ne 3 3.11 UM 49.8
5 552 S 112.4 ¥OguNH2 O OND -
4 7 94 £(10.1) 745
3 4.17 m (6.4,8.8) 88.5

2800 MHz, "determined by edited HSQL and HMBC, UM: unrescived multiplicity, ND: not detected.

FIG. 18A
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Strain Keratini- Keratini- Raratini- Keratini- Lontrot
micin & micin € cyclin B cychin C drug”

"Conirol drugs are abbreviated as follows: V, vancomyein; C, ciprefloxacin, M, metronidazole; O, osellamivir, A,
aoyclovir; B, ribavirm.

MG and ICse values wara determined in antibactarial and antiviral assays, respectively.
MNot detarmined.
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CRYPTIC METABOLITES AND METHOD
FOR ACTIVATING SILENT BIOSYNTHETIC
GENE CLUSTERS IN DIVERSE
MICROORGANISMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/539,263, filed Jul. 31, 2017, which 1s
herein incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under Grant #AI1124786 awarded by the National Institutes
of Health. The government has certain rights in this inven-
tion

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

[0003] The Sequence Listing filed electronically herewith

1s also hereby incorporated by reference 1n its entirety (File
Name: PRIN-57203 ST25.txt; Date Created: Jul. 13, 2018;
File Size: 524 bytes).

TECHNICAL FIELD

[0004] This relates generally to cryptic metabolites, and
more particularly, to a group of cryptic metabolites, and a
genetics-iree method for activating silent biosynthetic gene
clusters 1n diverse microorganisms.

BACKGROUND

[0005] Modern medicine 1s umimaginable without natural
products. Predominantly 1solated from microorganisms and
plants, these molecules, also referred to as secondary
metabolites, form the basis of >70% of antibiotics, >50% of
anticancer agents, and overall, more than half of the drugs
approved 1n the United States in the past 35 years. After
nearly a century of mining for secondary metabolites, micro-
organisms appeared to have become an exhausted resource.
However, the recent explosion i1n microbial genome
sequences points to a massive, untapped trove of new
metabolites. Specifically, members of several bactenal phyla
typically harbor 25 or more biosynthetic gene clusters
(BGCs)—sets of genes that direct the biosynthesis of a
natural product—that are not actively, or only weakly,
expressed under standard laboratory conditions. These so-
called “silent” or “cryptic” BGCs outnumber the constitu-
tively active ones by a factor of 5-10. As such, finding new
methods that access their products could significantly
enhance our repertoire ol novel natural products and thereby
accelerate and aid drug discovery.

[0006] The importance of inducing silent BGCs has been
recognized by the research community and several
approaches have been developed to 1dentily and characterize
theirr small molecule products, including expression of
BGCs 1n a heterologous host, co-culture screening, ribosome
engineering, sertion of constitutive or inducible promot-
ers, reporter-guided mutant selection, and endogenous over-
expression of regulatory proteins. While these approaches
have collectively begun to 1lluminate the hidden secondary
metabolomes of bacteria, they all necessitate challenging
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culturing, molecular biology and/or genetic procedures,
which significantly slow down the pace and throughput of
natural products discovery. A definitive method for access-
ing cryptic metabolites in varied microorganisms has yet to
be developed.

[0007] Thus, an inexpensive, reliable system for accu-
rately detecting number of occupants 1n a given location 1s
desirable.

SUMMARY OF INVENTION

[0008] The present disclosure 1s also drawn to a method
for rapidly eliciting cryptic metabolites. The method
requires providing multiple wells (for example, 96 wells)
adapted for growing microorganisms, where each well con-
tains at least one compound. Advantageously, the each of the
compounds 1s a subset of a small molecule library. After
growing microorganisms in each well, the wells are imaged
with mass spectrometry, and differences between the imaged
well and an 1imaged control well are identified. The com-
pound(s) that elicited that difference are also identified.
Advantageously, the mass spectrometry 1s laser-ablation
clectrospray 1onization mass spectrometry (LAESI-MS).
Also advantageously, the method also includes 1solating a
molecule, which may sometimes involve providing a culture
comprising a second quantity of the medium (larger than
used 1n the wells above) and at least one microorganism
from the first species. The isolation process may then
involve adding the identified compound(s) to the larger
culture, growing the microorganism, and removing cells via,
¢.g., centrifugation. This 1solation process may also include
purifying via, e.g., HPLC. The molecule may also be char-
acterized, which may include utilizing, for example, HPLC-
ESI-MS or NMR. There 1s generally no restriction on the
microorganism, although advantageously the microorgan-
1sm 1S a gram-negative bacterium, a gram-positive bacte-
rium, or a fungus, such as Amycolatopsis sp. B24117. In
some 1nstances, the genome sequence of the microorganism
may not be known.

[0009] The present disclosure 1s drawn to a set of cryptic
metabolites, or pharmaceutically acceptable salts thereof.

[0010] The present disclosure 1s also drawn to a method of
utilizing the cryptic metabolites, inhibiting grown by con-
tacting a microorganism with one of the cryptic metabolites.
Advantageously, the microorganism may be a gram-positive
bacterium, such as Staphviococcus aureus, Streptococcus
agalactiae, Streptococcus pyvogenes, Streptococcus pneumo-
niae, Clostridium difficile, Enterococcus faecalis, or Bacil-
lus subtilis.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 1s a flowchart describing an embodiment of
the disclosed method.

[0012] FIG. 2A 1s a 3D plot relating the P. protegens
metabolome, in terms of m/z and MS intensity, to each
elicitor.

[0013] FIG. 2B 1s an 1illustration of the structures of
orfamide A and B.

[0014] FIG. 2C 1s a graph of the HR-MS extracted 1on

chromatogram of orfamide A from untreated and Caif-treated
cultures, where the traces are ofiset for clanty.

[0015] FIG. 3 1s a table of HR-MS data for orfamide A-B,
canucin A-B, keratinimicin A-D, and keratinicyclin A-C.
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[0016] FIG. 4A 1s a 3D plot relating a secondary metabo-
lome of S. canus, 1 terms of m/z and MS intensity, to 502
elicitors.

[0017] FIG. 4B 1s a 2D component of the 3D plot focusing
on canucin A (m/z 1579) synthesis, highlighting that Ken-
paullone was the most eflective elicitor.

[0018] FIG. 4C depicts graphs of the HR-MS extracted 1on
chromatogram of canucin A (left) and B (right) by Ken 1n
flask cultures, where the traces are oflset for clarity.
[0019] FIG. 4D 1s an 1illustration of the topology of canu-
cin A, with H12 and F13 providing steric locks.

[0020] FIG. 4E 1s an illustration that overlays of the top-10
computed structures for canucin A using NMR NOESY
constraints and the CYANA algorithm, exhibiting a lasso
topology.

[0021] FIG. 4F 1s an illustration that overlays of the top-10
computed structures for canucin B using NMR NOESY
constraints and the CYANA algorithm, exhibiting a lasso
topology.

[0022] FIG. 4G 1s a depiction of BGC for canucins (can)
as 1dentified by biomnformatic studies. The C-terminal
sequence of CanA 1s shown along with predicted functions
of the tailoring enzymes.

[0023] FIG.5A1s atable of NMR assignments for canucin
A 1n CD,OH.
[0024] FIG. 3B i1s an illustration showing the numbering

scheme for canucin A.

[0025] FIG. 5C 1s a table summarnzing the CYANA-
derived parameters from calculations of R and S stereoiso-
mers at the Cf3 of Aspl4 1n canucin A.

[0026] FIGS. 6A-6FE are NMR spectra of canucin A 1n
CD.OH, including 'H NMR (FIG. 6A), TOCSY (FIG. 6B),
NOESY (FIG. 6C), HSQC (FIG. 6D) and HMBC (FIG. 6E).

[0027] FIG.7A1s atable of NMR assignments for canucin
B in CD,OH.
[0028] FIG. 7B 1s an illustration showing the numbering

scheme tor canucin B.

[0029] FIG. 8 1s a table annotating the canucin biosyn-
thetic gene cluster (can).

[0030] FIG. 9A 1s a 3D plot relating a secondary metabo-
lome of A. keratiniphila, 1n terms of m/z and MS intensity,
to 502 elicitors.

[0031] FIG.9B 1s a 2D component of the 3D plot focusing
on keratimmicin A (m/z 1811) synthesis, highlighting that
Dihydroergocristine (Dhe) and vincamine (Vin) were the
most effective elicitors.

[0032] FIG. 9C depicts graphs of the HR-MS extracted 1on
chromatogram of keratinimicin A (left) and keratinicyclin B
(right) by Dhe and Vin 1n flask cultures, where the traces are
oflset for clarity.

[0033] FIG. 9D depicts relevant NMR correlations used to
solve the structures of keratinimicin A and keratinicyclin A.

[0034] FIG. 9E depicts structures of four keratinimicin
derivatives with diflerent substitution patterns as indicated;
the nomenclature to 1dentity different rings 1in glycopeptides
1s shown.

[0035] FIG. 9F depicts structures of three keratinicyclin
derivatives with diflerent substitution patterns as indicated.

[0036] FIG. 9G depicts the ker BGC as identified by
biomnformatic analysis after sequencing the genome of A.
keratiniphila.

[0037] FIG. 9H 1s a table annotating the keratinimicin
biosynthetic gene cluster (ker).
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[0038] FIG. 10A1s a 2D component of a 3D plot focusing
on cryptic metabolites from A. keratiniphila (m/z 1286),
highlighting eflective elicitors.
[0039] FIG. 10B 1s a 2D component of a 3D plot focusing
on cryptic metabolites from A. keratiniphila (m/z 1425),
highlighting eflective elicitors.
[0040] FIG. 11A 1s a table of NMR assignments for
keratinimicin A 1n DMSO-d6.
[0041] FIG. 11B 1s an illustration showing the numbering

scheme for keratinimicin A.
[0042] FIGS. 12A-12F are NMR spectra of keratinimicin

A in DMSO-d6, including 'H NMR (FIG. 12A), gCOSY
(FIG. 12B), ROESY (FIG. 12C), HSQC (FIG. 12D) and
HMBC (FIG. 12E).

[0043] FIG. 13A 1s a table of NMR assignments for
keratinimicin B 1n DMSO-d6.

[0044] FIG. 13B 1s an illustration showing the numbering
scheme for keratinimicin B.

[0045] FIG. 14A 1s a table of NMR assignments for
keratinimicin C 1n DMSO-d6.

[0046] FIG. 14B 1s an illustration showing the numbering

scheme for keratinimicin C.
[0047] FIG. 15A 1s a table of NMR assignments for

keratinimicin D in DMSO-d6.

[0048] FIG. 15B 1s an illustration showing the numbering
scheme for keratinimicin D.

[0049] FIG. 16A 1s a table of NMR assignments for
keratinicyclin A in DMSO-d6.

[0050] FIG. 16B 1s an illustration showing the numbering
scheme for keratinicyclin A.

[0051] FIG. 17A 1s a table of NMR assignments for
keratinicyclin B 1n DMSO-d6.

[0052] FIG. 17B 1s an illustration showing the numbering

scheme for keratinicyclin B.
[0053] FIG. 18A 1s a table of NMR assignments for

keratinicyclin C in DMSO-d6.

[0054] FIG. 18B 1s an illustration showing the numbering
scheme for keratinicyclin C.

[0055] FIG. 19 15 a table showing MIC and IC., values (in
uM) for keratinimicins and keratinicyclins against select
pathogenic bacteria and viruses.

[0056] FIG. 20 1s one embodiment of a 2D component of
a 3D plot from a high-throughput elicitor screen using
LAESI-MS detection.

[0057] FIGS. 21A-21F are molecular structures of dis-
closed cryptic metabolites.

DETAILED DESCRIPTION

[0058] Unless defined otherwise above, all technical and
scientific terms used heremn have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mnvention belongs. Where a term 1s provided in
the singular, the imnventor also contemplates the plural of that
term.

[0059] The singular forms *““a”, “an”, and “the” include
plural references unless the context clearly dictates other-
wise.

[0060] The terms “comprise” and “comprising’ 1s used 1n
the inclusive, open sense, meamng that additional elements
may be included.

[0061] Disclosed 1s an 1nexpensive and non-labor imten-
stve method for rapidly eliciting cryptic metabolites.
[0062] Silent BGCs are a treasure trove for new secondary
metabolites. Advances 1 DNA technology and extensive
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genome sequencing have compiled a massive genome data-
base, which needs to be mined to harvest the fruits of
decades of innovation. The 1deal method to do so 1s one that
does not necessitate challenging genetic or cloning proce-
dures of the typically large BGCs. Moreover, the method
should activate silent BGCs 1n a high-throughput fashion,
preferably 1n an endogenous host, to avoid difliculties asso-
ciated with heterologous expression. Lastly, a mono-culture
approach 1s preferred to eliminate the possibility of irrepro-
ducible interactions that sometimes plague mixed- or co-
culture screens. Disclosed 1s a method that satisfies all these
criteria.

[0063] Its utility can be seen by, e.g., applying 1t to
sequenced and unsequenced bacteria. For example, 1t can be
applied to a rare actinomycete, members of which are
difficult to manipulate genetically. The typical output of this
approach 1s a picture of the global secondary metabolome of
a given bacterium 1n response to ~500 conditions, which
demonstrates activation of silent BGCs 1n a high-throughput
fashion. Leveraging these advantages, disclosed 1s a lasso
peptide with an unprecedented post-translational modifica-
tion, new glycopeptide antibiotics with bioactivities similar
to or better than those of vancomycin, and a novel glyco-
peptide chemotype, which combines features of the GPAs
with those of the oxazolidinone antibiotics and exhibits
better antiviral activity than the currently used drug ribivarin
against RSV.

[0064] In contrast to primary metabolism, the complete
secondary metabolome for any given prolific bacterium 1s
not yet known. MALDI-TOF- and DESI-based IMS have
been pioneered 1n assessing bacterial cultures or interspecies
interaction, but the use of IMS 1n interrogating cryptic
metabolomes 1n response to hundreds of conditions has not
yet been reported. Thus, in addition to unearthing novel
cryptic metabolites, disclosed 1s a high-throughput elicitor
screening (HITES)-IMS method that may be used to delin-
cate global secondary metabolomes, that is, the full synthetic
capacity of selected bacterial species. The advantage of this
approach 1s that the final product of a BGC, the secondary
metabolite, provides the read-out, rather than transcriptional
or translational assays. Additionally, by linking new cryptic
metabolites to an elicitor, the mechanism of elicitation may
be investigated, which 1n turn can i1dentily regulatory cir-
cuits that kick-start secondary metabolism 1n response to
sub-inhibitory concentrations of toxins. The disclosed
approach 1s the most general so far for activation of silent
BGCs, and 1t 1s poised to simultaneously shed light onto the
products and regulation of cryptic metabolism 1n diverse
bacteria.

[0065] Referring to FIG. 1, methods for rapid eliciting
cryptic metabolites (100) generally begin by introducing a
microorganism and growth medium into a series of wells
(110). Generally speaking, an array of wells 1s preferred. In
certain embodiments, 48-, 96-, 384-, or 1536-well cell
culture plates are utilized. In certain embodiments, arrays of
more than 1500 wells are utilized. More preferred embodi-
ments utilize between 50 and 500 wells.

[0066] FEach well must contain a microorganism, and,
typically, a medium adapted for growing that microorgan-
1S1m.

[0067] Although any microorganism may be utilized, 1n
preferred embodiments the microorganism 1s a species of
bacteria or fungi. In preferred embodiments, the microor-
ganism 1s a gram-negative bacterium, a gram-positive bac-

Apr. 20, 2023

terium, or a fungus. Note that 1 certain embodiments,
genome sequences ol the microorganism are not known. In
fact, no genetic procedures are necessary to utilize the
disclosed method. Further, the method 1s not limited to
microorganisms 1n which genetic procedures are estab-
lished. Certain embodiments use microorganisms that can-
not be genetically manipulated, which may include rare
actinomycetes, new strains where genetic mampulations are
not yet available, and bacterial mixtures or consortia.

[0068] There are no restrictions on which medium can be
used; any desirable medium may be utilized 1 the wells.

[0069] TTypically, at least one of the wells 1s used as a
control, and the remainder of which are used as test wells.
In each test well one or more additional compounds will be
added. In some embodiments, each of the compounds added
to a test well are part of a small molecule library. Referring
back to FIG. 1, once the wells, with the medium and
microorganisms are provided, test compounds are added
(115). In these methods, typically one wells 1s considered a
“control” well, and does not contain any test compounds.
Other wells may contain one or more test compounds 1n
addition to the microorganism and medium.

[0070] There 1s no restriction on what test compounds can
be utilized. In some embodiments, the test compounds may
include an antibiotic or other compound known to be
inhibitory to growth of the microorganism. In preferred
embodiments, each of the at least one compounds 1s a subset
of a small molecule library. In certain embodiment, a portion
of the wells utilize two or more test compounds.

[0071] The microorganisms are then grown in each well
(120). The exact conditions for growth will be based on
numerous factors, known to those of skill in the art.

[0072] In one example, P. protegens was streaked out onto
an LB-agar plate from frozen culture stocks and grown at
30° C. overnight. Colonies were used to 1noculate 5 mL of
LB in a 14 mL sterile culture tube, which was cultured 12-13
h at 30° C./250 rpm. The overnight culture was then used to
inoculate 550 mL. LB 1n a sterile Erlenmeyer flask to an
initial optical density at 600 nm (ODg,, , . ) of 0.01. The
culture was distributed into six sterile, deep-well 96-well
plates (0.9 mL per well) using a MultiFlo Microplate Dis-
penser (BioTek). Subsequently, elicitors were added from a
commercially-available 502-member natural products
library (Enzo Scientific, cat #BML-2865) using a CyBi1-Well
automated liquid transter robot (CyBio). Each well received
2.5 uLL of an elicitor (from a stock concentration of 10 mM).
The plates were sealed with air-permeable membranes and
grown at 25° C./200 rpm. After 44 h, the plates were spun
down, supernatants loaded onto a 96-well Strata C8-resin
(Phenomenex), and the material eluted with 600 uL. of 50%
and 600 ulL 100% MeCN into fresh 96 well plates. The

cluates were then dried 1n a speedvac and resuspended in 30
ul of 40% MeCN (1n water).

[0073] In other examples, freshly-collected spores of S.
canus or A. keratiniphila (~10”) were transferred to 50 mL
YEME medium (3% (w/v) yeast extract, 3% peptone, 3%
malt extract, 1% glucose, 34% sucrose, and 5 mM MgCl,.
6H,0O) 1n a 250 mL Erlenmeyer tlask fitted with a stainless-
steel spring and cultured at 30° C./250 rpm for 3 days.
Mycelia were then collected by centrifugation (10 min, 3000
g RT) and diluted into 300 mL of R4 medium to give a final
concentration of 0.05% (w/v). R4 medium' consisted of
0.5% (w/v) glucose, 0.1% yeast extract, 0.5% MgCl,.6H20,
0.2% Ca(Cl,.2H,0, 0.15% proline, 0.118% valine, 0.28%
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TES, 50 mg/L casamino acid, 100 mg/L K,SO,,, and 1x trace
clement solution, which contains 40 mg/L. ZnCl,, 200 mg/L
FeCl;.6H20, 10 mg/L. CuCl,.2H20, 10 mg/LL Mn(Cl1,.4H,0,
10 mg/lL Na,B,0,.10H,0, and 10 mg/I. (NH,)6Mo,0.4.
4H,0O). Subsequently 300 uLL were dispensed nto six deep-
well 96-well plates using a MultiFlo Microplate Dispenser.
The wells were supplemented with candidate elicitors from
the same 502-member natural products library used above
with the aid of a CyBi1-Well automated liquid transier robot.
Each well received 0.85 ul. of an elicitor (from a stock
concentration of 10 mM). The plates were sealed with
air-permeable membranes and grown at 30° C./250 rpm.
After 5 days, the samples were desalted as described above
tor P. protegens.

[0074] Once the microorganisms have grown 1n each well,
the metabolome that results 1n response to each molecule
from the library, 1s determined rapidly using at least one
imaging mass spectrometry technique. In certain embodi-
ments, the mass spectrometry technique 1s laser-ablation
clectrospray 1onization mass spectrometry (LAESI-MS).

[0075] FEach well 1s 1maged (125), and diflerences are
identified (130) between that image and the 1image from a
control well. The test compounds correlating to one or more
of differences 1s then identified (135). In certain embodi-
ments, each of these three steps occurs for the entire array
of wells before moving to the next step. That 1s, all images
are taken, then differences are determined for all wells, then
any test compounds eliciting those diflerences are identified.
In other embodiments, the 1mages for a first well 1s taken, 1t
1s compared to the image from the control well, and 11 there
1s a difference, the compound associated with that well 1s
identified. Then the image for a second well 1s taken, and the
process repeats until all wells have been completed. Other
approaches may also be advantageous, depending on the
exact needs and configuration of the system.

[0076] Imaging of the wells 1s typically done per manu-
facturer instructions. To i1dentify differences, typically sofit-
ware 1s used to analyze the collected 1images, searching for
mass 1ons that were induced by elicitors and absent in
untreated samples.

[0077] In one example, a laser ablation electrospray 10on-
ization (LAESI) DP1000 system (Protea Bioscience)
coupled to a LTQ XL mass spectrometer (Thermo) was used
for IMS analysis. The extension tube connecting the two
istruments was kept at 130° C. with an external heater and
the sample stage was kept at 10° C. during analysis. Sheath
gas flow was set to 2.0 L/h. Eighty laser pulses were applied
to each well to ablate samples using an 80% laser energy
setting (~8350 ul) and a 10 Hz frequency. A solution of 2:1
MeCN/water with 0.1% acetic acid (v/v) was supplied as the
clectrospray solution by a syringe pump running at a flow
rate of 1 uL/min. The emitter was connected to high voltage
power operating at +4000V or +4500V 1n positive 1on
detection mode. All data were visualized i ProteaPlot
soltware.

[0078] Once the diflerences are known, the test compound
(s) can be 1dentified, typically via comparing some 1denti-
fication information describing the well or compound added
to the well with data in a database or lookup table, using a
computer or dedicated processor. This can be done manually
or automatically. Preferably, only the best few elicitors are
identified, typically no more than the top 4-5 elicitors.

[0079] In one example, after data collection, the signals
observed in each well were extracted using GMSU-LAESI
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software (Gubbs, Inc), which gave all m/z values and the
corresponding intensities per well (1.e. per elicitor). The data
were binned 1n 1 m/z units for 3D-plotting. Signals with an
intensity lower than a set threshold were not included 1n the
3D plots. The data were plotted in MatLab using the bar3
function. The component 2D plots were extracted from the
corresponding 3D data in MatLab and plotted 1n Excel. The
2D plots were normalized to the highest intensity peak. Each
signal was correlated with an elicitor.

[0080] In another example, to commence a screen, Amy-
colatopsis sp. B-241177 spore stocks were used to mnoculate
100 mL. of R4 medium in a 500 mL Erlenmeyer flask
(approx. 10° spores). These were grown overnight and then
dispensed mto 5x95 CORNING® COSTAR® 96 well cell
culture plates using a Biolek MULTIFLO™ microplate
dispenser. 150 uLL was dispensed into each well, which were
then supplemented with each 1 uL. from the Natural Products
small molecule library (Enzo Scientific). The plates were
grown again at 30° C. and 250 rpm for 4 days before being
imaged using a Laser Ablation Electrospray Mass Spectrom-
cter (LAESI-MS), which consisted of a Protea Biosciences
LAESI® DP-1000 module coupled to a THERMO SCIEN-
TIFIC™ LT(Q mass spectrometer. Imaging of each plate was
conducted as per manufacturer instructions using 1:1
MeCN/water at a flow rate of 1 ul/min to ablate the samples
into the mass spectrometer. The spectrum was collected for
8 seconds per well. The data were then analyzed using
ProteaPlot software, searching for mass 1ons that were
induced by elicitors and absent 1n untreated samples. Refer-
ring to FIG. 20, this led to identification of a mass 1on
(reference 230, m/s 1810, keratinimicin A). The best elici-
tors were determined to be tryptanthrin (231) and dihydro-
ergocristine (232) at a concentration of 30 uM each.

[0081] In some embodiments, the identification of the
elicitors 1s sufhcient. In other embodiments however, the
clicited molecule may also be 1solated (140).

[0082] To 1solate the molecule (140), one method 1s to
utilize a larger culture, comprising a quantity of a medium
that 1s larger than the quantity used in the well, and the target
microorganism. At least one of the identified elicitors 1s then
added to the larger culture. The microorganism i1s then
grown 1n the precise of the elicitor, and the cells and the
molecules are then separated. Typically, the cells are
removed via centrifugation, although other approaches may
be acceptable, depending on the exact needs of the system.
The output may further be purified using typically purifica-
tion techniques, including but not limited to using HPLC.
The molecule may also be characterized (145). In some

embodiments, the characterization 1s done using HPLC-ESI-
MS or NMR, although other methods may also be utilized.

[0083] Replacing Genetics with Imaging Mass Spectrom-
etry. The HiTES approach consists of two components, the
activation of silent or lowly-expressed BGCs by elicitor
screening and a read-out for this process, which so far has
relied on genetic reporter assays. The detection step limits
the throughput of HITES as creating the appropriate genetic
constructs 1s often time-consuming, if not impossible,
depending on the strain. To avoid this drawback, the work-
flow may consist of subjecting the wt microorgamism to
clicitor screening followed by imaging the resulting, e.g.,
500-1000 metabolomes, as a function of each molecule 1n
the library, using IMS.

[0084] For example, 1n one embodiment of a HITES-IMS
workilow, a bacterial culture 1s arrayed nto 96-well plates
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and subjected to high-throughput elicitor screeming. After a
suitable i1ncubation period, the cultures are assessed by
LAESI-IMS 1n 96-well format. The observed global
metabolome 1s depicted 1n a 3D plot that links each elicitor
to metabolites, characterized by theirr m/z and MS 1ntensity
values. Large scale cultures with the elicitor facilitate 1so-
lation and characterization of new cryptic metabolites.

[0085] Computational approaches and appropriate visual-
ization can then be used to pipoint cryptic metabolites.

[0086] As another example, Orfamides are lowly-ex-
pressed metabolites 1solated from Pseudomonas protegens
P1-5 (herealter P. protegens). A genome-isotopic approach
was previously used to 1dentify and ultimately solve their
structures. Wt P. protegens was cultured in 96-well plates
and subjected to HITES using a 502-member natural prod-
ucts library. The resulting metabolomes were analyzed using,
laser ablation-coupled electrospray 1onization MS (LAESI-
MS), an emerging method 1 which a mid-IR laser beam
generates an ablation plume of metabolites that are 1onized
by an electrospray and introduced 1nto the mass spectrom-
cter. Compared to other IMS methods, the advantage of
LAESI-MS 1s that i1t can be applied to liquid or solid surfaces
and live bacterial cultures with minimal sample preparation
at ambient pressure. Optimization of numerous parameters
tacilitated rapid characterization of the metabolome within
cach of the 502 wells, allowing us to 1image a 96-well plate
liquid culture 1n less than an hour. The data were rendered
in a 3D plot depicting the intensity and m/z for each
metabolite induced by a given elicitor (See FIG. 2A). In this
example, MS data were collected 1n the m/z range of
1200-2000 to focus on orfamide production, 1n response to
a 502-member natural products library. No signals were
detected below m/z 12350 and above m/z 16350. MS 1ntensity
was color-coded, and signals that were below the 3-count
threshold were identified, and which were therefore not
included 1n the plot. Orfamides were labeled, as were the

best elicitors of orfamide synthesis, cafestol (Caf) and
vinorelbine (Vrl). FIG. 2B indicates the structures of ort-
amide A and B.

[0087] By computationally inspecting the amalgamated
502 metabolomes, one of skill in the art can easily see
induction of orfamides—specifically analogs A, B, and
several unknown derivatives—to varying degrees. Optimal
production was triggered by the mild cytotoxin cafestol and
the anticancer agent vinorelbine, compounds previously not
known to elicit secondary metabolism. Cafestol’s stimula-
tory activity was further confirmed using HPLC-MS, thus
validating the use of HiTES-IMS 1n inducing silent or
lowly-expressed BGCs (See FIGS. 2C, 3). FIG. 2C 1s a
graph validating Caf as an inducer of orfamide A in flask
cultures. FIG. 2 shows a HR-MS extracted 1on chromato-
gram ol orfamide A from untreated (201) and Cai-treated
(202) cultures. FIG. 3 1s a table showing HR-MS data for
orfamide A-B, canucin A-B, keratinimicin A-D, and kera-
tinicyclin A-C.

[0088] The simplicity of this approach allow 1t to be
broadly applied.

[0089] Application of HITES-IMS to Streptomyces. The

HiTES-IMS method was also applied to Streptomyces spp..
the most prolific genera of bacterial secondary metabolite
producers known. Streptomyces canus NRRL B3980 was
chosen, which 1s related to the amphomycin producer and
contains over 20 BGCs that have not been linked to a natural
product. The results of HiTES-IMS with S. carus using
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again a 502-member natural products library are shown 1n
3D representation. (See FIG. 4A) An m/z range of 1000-
2000 was used to simplify the MS output and at the same
time optimize chances for finding new metabolites. Three
clusters of peaks, representing three compound families
appeared to be elicited: compounds were detected with m/z
ranging from 1260-1293, which further analysis identified as
the amphomycins. The best elicitors for the amphomycins
were the flavonol morin and the antimalarial quinine. A
second set of mduced compounds was also detected with
m/z ranging from 1220-1245. Finally, induction of a third
compound family was observed, distinct from the other two,
with m/z of 1563 and 1579 elicited by the cyclin-dependent
kinase inhibitor kenpaullone (See FIGS. 4A, 4B). FIG. 4B 1s
2D component of the 3D plot focusing on canucin A (m/z
1579) synthesis. In this example, Kenpaullone was the most
cllective elicitor. These findings highlight the ability of the
disclosed approach to induce multiple cryptic BGCs 1n a
parallel fashion. The current approach provides the ability to
monitor all BGCs that can be captured by the detection
method 1n one experiment.

[0090] From the cryptic metabolites elicited 1n this
example, further eflorts were focused on the compounds
with m/z 1579 and 1563, which were assigned the trivial
name canucin A and B, respectively (See FIG. 3). The results
were validated by observing 96-well plates and finding
strong induction of both compounds by kenpaullone (FIG.
4C). In FIG. 4C, induction of canucin A and B by Ken 1n
flask cultures 1s shown, highlighting the untreated (203, 205)
and Ken-treated (204, 206) cultures The traces are oflset 1n
the X- and Y-axes for clarity.

[0091] Large-scale production cultures with kenpaullone

as 1nducer allowed us to 1solate sutlicient material to solve
the structures of canucins by 1D/2D NMR. Analysis of "H,

gCOSY and TOCSY NMR showed that canucin A was a
peptide with 14 recognizable a-'Hs. HSQC and HMBC
analysis revealed 13 of these as canonical amino acids, while
one was the modified 3-hydroxy-Asp (See FIGS. 5A-5B).

FIG. SA shows NMR assignments for canucin A in CD,OH.
The numbering scheme for canucin A 1s shown 1n FIG. 5B.

[0092] Further analysis by NMR and HR-MS suggests
that canucin A harbors an 1sopeptide bond between residues
Glyl and Asp8, a feature that 1s typical for lasso peptides.
Indeed, NOESY correlations between the C-terminal tail
residues and those surrounding the 1sopeptide bond sug-
gested that canucin A contained a lasso topology (See FIGS.

6A-6E). FIGS. 6 A-6E provide NMR spectra of canucin A 1n
CD,OH, including "H NMR (FIG. 6A), TOCSY (FIG. 6B),
NOESY (FIG. 6C), HSQC (FIG. 6D) and HMBC (FIG. 6E).
To verily, high-resolution NOESY spectra were collected
with various mixing times and solved the 3D structure of
canucin A using the CYANA algorithm, which utilizes
molecular dynamics simulations 1n a peptide’s torsion angle
space to compute structures that agree best with the NOESY
data. The ten best structures converge on a lasso topology, 1n
which Hisl2 and Phel3 provide steric locks above and
below the ning, respectively (FIGS. 4D, 4E). FIG. 4D
provides an Illustration of the topology of canucin A, with
H12 and F13 providing steric locks. FIG. 4E shows an
overlay of the top-10 computed structures for canucin A and
B using NMR NOESY constraints and the CYANA algo-
rithm. Both exhibit a lasso topology. At 14 amino acids,
canucin A 1s one of the smallest lasso peptides discovered to

date. See FIG. 5B.




US 2023/0123785 Al

[0093] Repeated eflorts to determine the stereochemistry
at the 3-carbon of the C-terminal Asp by Mosher analysis
falled, possibly due to steric hindrance. Subsequently
CYANA was used to calculate which stereoisomer best fits
the observed NOESY correlations. The S-stereoisomer gave
a lower f-function, indicative of a better match between the
calculated structure and the set of constraints, as well as a
lower backbone-rmsd (See FIG. 5C). FIG. 5C 1s a summary
of CYANA-derived parameters from calculations of R and S
stereoisomers at the C§ of Aspl4 in canucin A.

[0094] The S-stereo configuration at the [3-carbon of Asp
1s suggested. A second analog, canucin B, is also identified.
Structural elucidation by HR-MS and NMR 1dentified 1t as
the des-hydroxy variant of canucin A (See FIGS. 3, 7A, 7B).
FIG. 7A provides NMR assignments for canucin B 1n
CD,OH, while FIG. 7B 1illustrates the numbering scheme for
canucin B.

[0095] CYANA calculations confirmed that canucin B
harbors a lasso topology, again revealing His12 and Phel3
as steric locks 1n a topology akin to that of canucin A (See
FIG. 4F). These results suggest that hydroxylation at the
C-terminal Asp 1n canucin A occurs aiter the threaded lasso
motif has been installed.

[0096] Post-translationally modified lasso peptides are
rare, and a P-hydroxylated amino acid has never been
observed within this compound family. To gain insights into
the biosynthesis of canucin A, the genome sequence of S.
canus were examined. A BGC was 1dentified, which was
annotated as can, with a typical lasso peptide synteny and a

precursor peptide, whose C-terminal sequence (GVGEP-
LADFFIHFD (SEQ ID NO. 001)) pertectly matched that of

the canucins (FIG. 4G).

[0097] Aside from the precursor peptide, the can BGC
contains a typical protease and an Asn synthetase, which
respectively remove the precursor peptide and form the
threaded lasso motif. In addition, canE was annotated,
encoding an o-KG-dependent mononuclear Fe enzyme,
members of which have been shown to hydroxylate unac-
tivated carbon positions. (See FIG. 8). FIG. 8 provides
annotation of the canucin biosynthetic gene cluster (can).
CankE 1s likely involved in the synthesis of 13-OH-Asp. The
discovery of canucins shows that HITES-IMS can be applied
to streptomycetes to unveil new cryptic metabolites.

[0098] Application of HITES-IMS to Rare Actinomycetes.
The disclosed approach was also applied to rare actinomy-
cetes, a group of bacteria that account for some structurally
fascinating and functionally potent metabolites, imncluding
the antibiotic of-last-resort vancomycin as well as the anti-
cancer agent calicheamicin. Rare actinomycetes are an 1deal
test case for HITES-IMS because in addition to their abun-
dance of silent BGCs, they are difhicult to mamipulate
genetically, thus all but precluding transcriptional reporter
assays. Amycolatopsis keratiniphila NRRL B24117 were
chosen as a test case. Its genome has not been sequenced, but
cllorts to find further BGCs that encode glycopeptide anti-
biotics (GPAs) using PCR had shown that 1t contains a
vancomycin-like BGC, though a product has not yet been
reported. A. keratiniphila was subjected to HITES-IMS and
obtained the metabolome shown, focusing on the mass range
of typical GPAs (FIG. 9A). Again, induction of silent BGCs
occurred 1n a high-throughput fashion, as numerous metabo-
lites were observed that were only induced when challenged
by compounds {from the small molecule library (FIGS. 9A,

10A, 10B): a compound with m/z 1286 was induced by
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galangin and the indole-containing alkaloids evodiamine
and ajmaline (FIG. 10A). Additionally, a compound with
m/z 1425 was 1nduced by smmilar elicitors, including
galangin and evodiamine (FIG. 10B). Lastly, compounds
with m/z 1654 and 1811 were observed in the induced
metabolome, primarily by dihydroergocristine (Dhe) and
vincamine (Vin, FIG. 9A, 9B). A. keratiniphila appeared to
respond to indole-bearing alkaloids of diverse origins by
activating numerous, otherwise silent, BGCs leading to the
production of cryptic metabolites.

[0099] Of the compounds detected, one appeared to con-
tain a Cl atom as judged by the HR-MS 1sotope distribution
pattern, a common modification 1n GPAs (See FIG. 3).
Follow-up experiments validated the strong stimulatory
activity by Dhe and Vin, demonstrating a marked elicitation
of the compound (FIG. 9C). FIG. 9C shows a graph 1ndi-
cating the elicitation of Keratinimicin A (left) and Keratini-
cyclin B (right) in uncontrolled (207, 210), Vin-treated (208,
211), and Dhe-treated (209, 212) cultures. As 1t was sus-
pected that 1t might be the putative glycopeptide, seven
analogs were 1solated from large-scale production cultures
in the presence of Dhe. HR-MS analysis suggested that these
compounds fall into two families, one that 1s referred to as
keratinimicins, and a second, the keratinicyclins. 1D/2D
NMR analysis showed that keratinimicin A contains six
highly modified amino acids, with recognizable o-'Hs at
4.41, 4.52, 445, 5.62, 4.48, 4.23, and 4.42 ppm (FIG. 9D
(left), 11A, 11B). FIG. 9D illustrates relevant NMR corre-
lations used to solve the structures of keratinimicin A (left)
and keratinicyclin A (right). FIG. 11 A provides NMR assign-
ments for keratinimicin A 1n DMSO-d6. FIG. 11B provides
the numbering scheme for keratinimicin A. TOCSY, HSQC,
and HMBC analysis identified these as 13-OH-Tyr, Phe, two
crosslinked Hpg residues, a glycosylated 13-OH-3-Cl-Tyr,
and a crosslinked 3,5-dihydroxy-phenylglycine (Dpg) (See
FIGS. 12A-12E. FIGS. 12A-12E provide NMR spectra of
keratinimicin A in DMSO-d6. Specifically, 'H NMR (FIG.
12A), gCOSY (FIG. 12B), ROESY (FIG. 12C), HSQC
(F1G. 12D), and HMBC (FIG. 12E).

[0100] Characteristically, the crosslinks occurred between
rings A-B, via a carbon-carbon bond, and between rings C-D
and D-E wvia aryl ether bonds as elucidated by HMBC and
NOESY spectra (FIG. 9E). In FIG. 9E, structures of four
keratinimicin derivatives with different substitution patterns
are indicated. The nomenclature to 1dentily different rings 1n
glycopeptides 1s shown.

[0101] Four glycosyl groups were identified by NMR
analysis, mannose, actinosamine, and a glucose-rhamnose
disaccharide at residues A, C, and D, respectively, thus
completing the two-dimensional structure of keratinimicin
A. To assign the chiral centers, a combined spectroscopic
and bioinformatic approach was chosen. Shot-gun sequenc-
ing of the entire genome of A. keratiniphila allowed us to
pinpoint a GPA cluster, which was annotated as ker, using
the canonical synteny previously described. FIG. 9G pro-
vides the ker BGC as identified by bioinformatic analysis
alter sequencing the genome of A. keratiniphila. The pre-
dicted domain composition for each NRPS 1s shown as are

the predicted functions of the remaimng enzymes in the
BGC. Tyr* denotes modified Tyr.

[0102] It appears that ker 1s the first BGC reported for a
class II GPA. Bioinformatic analysis revealed an identical
domain organization as the archetypal class I GPAs. FIG.
911 provides annotation of the keratinimicin biosynthetic




US 2023/0123785 Al

gene cluster (ker). A pattern of D- and L-amino acids as
shown was proposed (from C- to N-terminus: L-L-D-D-L-
D-D, FIG. 9E). Finally, the stereo-configuration of the 3-OH
groups were assigned as R by NMR NOESY correlations,
thus completing the proposed three-dimensional structure.
Keratimmmicin A 1s similar to actinoidin A, except that 1t
contains a chloride at ring G, and carries a diflerent sugar at
residue D.

[0103] Three additional keratinimicin analogs were 1den-
tified and structurally elucidated as well. Relative to variant
A, keratinimicin B only contains three glycosyl moieties:
actinosamine and a glucose-acosmine disaccharide at resi-

due C and D, respectively, while mannose at residue A 1s
missing (See FIGS. 13A and 13B). FIG. 13 A provides NMR

assignments for keratimmicin B in DMSO-d6. FIG. 13B
provides the numbering scheme for keratinimicin B. Kera-
tinimicin C 1s N-terminally capped by an unusual 2-keto-
m-chloro-o-hydroxyphenylacetic acid moiety, with again a
different bouquet of sugar substituents (See FIGS. 14A and
14B). FIG. 14A provides NMR assignments for keratinimi-
cin C 1n DMSO-d6. FIG. 14B provides the numbering
scheme for keratinimicin C. Keratinimicin D also contains
the 2-keto-m-chloro-o-hydroxyphenyl-acetic acid residue,
with yet a different combination of sugars at residue D,
relative to keratinimicin C (See FIGS. 15A and 15B). FIG.
15A provides NMR assignments for keratinimicin D 1n

DMSO-d6. FIG. 15B provides the numbering scheme for
keratinimicin D.

[0104] The structure of keratinicyclin A was characterized
by extensive analysis of spectroscopic data leading to the
structure shown (FIG. 9D (night), 9F). FIG. 9F provides
structures of three keratinicyclin denivatives with different
substitution patterns; the nomenclature to identily different
rings in glycopeptides 1s shown in FIG. 9E. It consists of a
6mer peptidic backbone, containing the same sequence as
the keratinimicins sans the N-terminal 3-Cl-Hpg residue. It
bears the same aromatic crosslinks as the keratinimicins,
with an A-B biaryl bond as well as the C-O-D and D-O-E
aryl ether crosslinks. The glycosyl groups were also 1denti-
fied by NMR analysis as described above (See FIG. 16A,
16B, 9E, 9F). FIG. 16A provides NMR assignments for
keratinicyclin A in DMSO-d6, while FIG. 16B provides the

numbering scheme for keratinicyclin A.

[0105] Most notably, the keratinicyclins contain an N-ter-
minal 2-oxazolidinone, a functional group present in the
climically used antibiotics linezolid and tedizolid. Thus, the
keratinicyclins combine the characteristic features of the
GPAs with those of the oxazolidinone antibiotics, the first
such combination reported thus far. Within the GPAs, the
keratinicyclins represent a new chemotype.

[0106] The structures of 2 additional keratinicyclins were
solved. Relative to derivative A, keratinicyclin B contains a
glucose-acosmine disaccharide at residue D, rather than
glucose-rhamnose (See FIGS. 17A and 17B). FIG. 17A
provides NMR assignments for keratinicyclin B in DMSO-
d6. FIG. 17B provides the numbering scheme for keratini-
cyclin B. Keratinicyclin C also contains a glucose-acosmine

disaccharide at residue D but lacks mannose at residue A
(See FIGS. 18A and 18B). FIG. 18A provides NMR assign-
ments for keratimcyclin C 1n DMSO-d6. FIG. 18B provides

the numbering scheme for keratimicyclin C.

[0107] Imtial mn-house assays revealed strong antimicro-
bial activity for the keratinimicins, but not for the keratini-
cyclins. Keratinimicins A and C were submitted for broad
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bioactivity tests against bacterial pathogens. Because some
GPAs have been documented to harbor antiviral properties,
keratinicyclins B and C were assessed against a panel of
pathogenic human viruses. Keratinimicins showed potent
antibacterial activity against numerous Gram-positive
pathogens, with MICs (minimal ihibitory concentrations)
akin to those of vancomycin against Streptococcl,
Clostridium difficile, and Enterococcus faecalis (See FIG.
19). FIG. 19 shows MIC and IC., values (in uM) for
keratinimicins and keratinicyclins against select pathogenic
bacteria and wviruses. Significant biocactivities (MIC or
IC.,<10 uM) are shown in bold. They were ineflective
against vancomycin-resistant Enterococci, suggesting a
similar mode of action as vancomycin. Keratinicyclins did
not exhibit significant antibacterial activity but were potent
inhibitors against the respiratory syncytial virus (RSV).
Indeed, the half-maximal inhibitory concentration (IC.,)
determined against RSV 1s ~10-1fold more potent than that of
the currently-used drug, Ribavirin. Thus, keratinimicins and
keratinicyclins may be usetul for various treatment options,
contacting a microorganism or treating a viral infection with
keratinimicin or Kkeratinicyclin—or its pharmaceutically
acceptable salt. In some embodiments, the microorganism
may be a gram-positive bacterium, including but not limited
to Staphvlococcus aureus, Streptococcus agalactiae, Strep-
tococcus pyogenes, Streptococcus pneumoniae, Clostridium
difficile, Enterococcus faecalis, and Bacillus subtilis.

[0108] The discoveries of these cryptic antibacterial and
antiviral agents highlight the utility of HiTES-IMS 1n
unearthing novel metabolites with potentially therapeutic
bioactivities.

[0109] In one example, to validate the elicitors and induc-
tion of cryptic metabolites identified 1n the high-throughput
screen, flask cultures of each condition were grown and
subsequently analyzed by HPLC-MS. In another example, to
validate orfamide production, 5 mL overnight cultures of P
protegens were prepared as described above. The culture
was then diluted mto 2x125 mL Erlenmeyer flasks, each
containing 20 mL of LB to give an imitial OD.,, , 01 0.01.
One flask was supplemented with cafestol at a final concen-
tration of 22 uM; the other was supplemented with the same
volume of DMSO (no-cafestol control). Both cultures were
incubated at 25° C./150 rpm. After 44 h, cells were removed
by centrifugation, and 10 mL of each supernatant was
desalted on a C8 PrepSep solid-phase extraction column
(Fisher). After loading, the columns were washed with
water, and bound material eluted with a 2-step gradient of
50% MeCN (1n H,O) and 100% MeCN. The fractions were

dried 1n vacuo, redissolved 1n 100 u. MeOH, and analyzed
by HPLC-Qtoi-MS.

[0110] In another example, to validate canucin production,
seed cultures of S. canus were prepared as described above.
The culture was diluted into 2x250 mL Erlenmeyer flasks,
cach containing 50 mL of R4 medium to a final mycelial
concentration of 0.05% (w/v). Kenpaullone was added to
one flask (final concentration of 17 uM), while the other
served as control and received the same volume of DMSO.

The cultures were then grown at 30° C./200 rpm for 5 days.

The resulting supernatants were extracted twice with 30 mL
of ethyl acetate. The organic phases were combined, dried 1n

vacuo, re-dissolved 1n 200 ul. MeOH, and the two samples
analyzed by HPLC-Qtof-MS.

[0111] In another example, to validate keratimmicin and
keratinicyclin production, seed cultures of A. keratiniphila
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were prepared as described above. The culture was diluted
into 3x1 mL wells 1n a deep-well 96 well plate containing
0.9 mL of R4 medium at a final mycelia concentration of
0.05% (w/v). The 96-well plate was supplemented with a
final concentration of 7.8 uM vincamine (well 1), 2 uM Dhe
(well 2), and the same volume of DMSO as control (well 3).
The plate was then grown at 30° C./200 rpm for 5 days. Cells
and mycelial mass was removed by centrifugation, and the
wells were worked up as described above for 96-well

screens and analyzed by HPLC-Qtoi-MS.

[0112] Alternatively, the seed culture was diluted to
3x250 mL Erlenmeyer flasks containing 50 mlL of R4
medium at a mycelial concentration of 0.05% (w/v). The
flasks were supplemented with 7.8 uM vincamine (flask 1),
2 uM Dhe (flask 2), and the same volume of DMSO as
control (flask 3), and subsequently grown at 30° C./200 rpm
for 5 days. Cells and mycelia were removed by centrifuga-
tion, and 10 mL of each supernatant was loaded on a C18
SPE column (Phenomenex, 100 mg), washed with water,
and eluted with 50% and 100% MeCN. The fractions were
dried 1n vacuo, re-dissolved 1n 100 ul. MeOH, and analyzed
by HPLC-Qtoi-MS. The deep-well plate method resulted in
better induction of keratinimicin and keratinicyclin.

[0113] In other embodiments, Large-scale fermentation of
S. canus and A. keratiniphila was carried out following a
similar procedure as for small-scale fermentations described
above. 3-day seed cultures were prepared as above. They
were then used to 1noculate several 2 L Erlenmeyer flasks
contaiming 200 mL of R4 medium with 1solated mycelia to
a final concentration of 0.01% (w/v). The culture was then
supplemented with an optimal concentration of the elicitor.
Typically 8-12 L of total culture was used for compound
isolation. The flasks were incubated at 30° C./250 rpm for 7
days, at which point the desired products were purified.

[0114] In some examples, HPLC-MS analysis was per-
formed on an Agilent 1260 Infinity Series HPLC system
equipped with an automated liquid sampler, a diode array
detector, and a 6120 Series ESI mass spectrometer using a
reversed phase Luna CI8 column (Phenomenex, 5 um,
150x4.6 mm). The mobile phases consisted of water and
MeCN (both containing 0.1% formic acid). Upon 1njection,
clution was carried out 1socratically with 3% MeCN 1n water
for 3 min followed by gradients of 5% MeCN to 70% MeCN
in water over 20 min, and then 70% to 100% over 5 min, at
a flow rate of 0.6 mL/min. High-resolution (HR) HPLC-MS
and HR-tandem HPLC-MS were carried out on an Agilent
6540 Accurate Mass Qtof LC-MS, consisting a 1260 Infinity
Series HPLC system, an automated liquid sampler, a diode
array detector, a JetStream ESI source, and the 6540 Series
Qtof. Samples were resolved on a Luna C18 column (Phe-
nomenex, 5 um, 100x4.6 mm). The mobile phase consisted
of water and MeCN (+0.1% formic acid). Elution for ort-
amides was carried out 1socratically with 10% MeCN 1n
water (3 min) followed by a gradient of 10%-95% MeCN
over 8 min, followed by an i1socratic elution at 95% MeCN
over 25 min at a flow rate of 0.4 mlL/min. Elution of
canucins, keratinimicins and kertinicyclins was carried out
1socratically with 5% MeCN 1n water (3 min) followed by a

gradient ol 5%-95% MeCN in water over 15 min, at a tlow
rate of 0.4 mL/min.

[0115] In some examples, HPLC purifications were car-
ried out on an Agilent preparative HPLC system equipped
with a 1260 Infinity series binary pump, a diode array
detector, and an automated fraction collector. Semi-prepara-
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tive or analytical-scale purifications were performed on an
Agilent HPLC system containing a 1260 Infinity Series
binary pump or a 1290 Infimity quaternary pump. Each
system was equipped with an automatic liquud sampler, a
temperature-controlled column compartment, a diode array
detector, and an automated fraction collector. The mobile
phases used consisted of water and MeCN, with or without
0.1% formic acid depending on samples.

[0116] In some examples, Canucins were purified from 12
L fermentation of S. carus 1n the presence of kenpaullone (at
a final concentration of 17 uM). After 7-day fermentation,
the resultant supernatant was extracted twice with an equal
volume of ethyl acetate. The combined organic phase was
dried over Na,SO,, subsequently dried in vacuo, resus-
pended 1in 45 mLL MeOH, and purified on an Agilent Pre-
parative HPLC. The sample was resolved with repeated
injections onto a preparative Luna C18 column (Phenom-
enex, 5 um, 21.2x250 mm) operating at a flow rate of 12
ml./min with mobile phases consisting of water and MeCN
(+0.1% formic acid). Upon 1njection, elution was carried out
isocratically with 20% MeCN for 2 min, followed by a
gradient of 20%-100% MeCN over 25 min. Peaks contain-
ing canucin A and B, as judged by HPLC-MS, were pooled,
dried in vacuo, resuspended in MeOH and tfurther purified
on a semi-preparative/analytical Agilent HPLC system. The
peptides were purified on a semi-preparative XDB-C8 col-
umn (Agilent, 5 um, 10x250 mm) operating at a flow rate of
2.5 mL/min with a gradient of 30%-50% MeCN (in water)
over 30 min followed by a gradient of 50%-100% MeCN
over 5 min. Peaks containing pure canucin B were combined
and lyophilized to dryness. Peaks containing canucin A were
pooled, dried 1n vacuo, resuspended in MeOH, and further
purified on a semi-preparative Luna C18 column (Phenom-
enex, 5 um, 10x250 mm) with a gradient of 33%-53%
MeCN (in water) over 30 min followed by a gradient of
55%-100% MeCN over S min. Peaks containing pure canu-
cin A were combined, and lyophilized to dryness. This
procedure gave 3.6 mg of canucin A and 1.7 mg canucin B.

[0117] In some examples, Keratinimicins and keratinicy-
clins were purified from 8 L fermentations ol A. kera-
tiniphila 1n the presence of 2 uM Dhe. After 7-day fermen-
tation, the resulting supernatant was loaded on a pre-packed
C18 column (Phenomenex, 50 um, 65 A, 10 g) and eluted
with 20%, 50% and 100% MeCN 1n water step-wise. The
20% fraction containing keratinimicins and keratinicyclins
was dried 1n vacuo, resuspended m 50 mLL MeOH, and
turther purified on an Agilent 1260 Infinity Series Prepara-
tive HPLC using a Luna C18 column (Phenomenex, 5 um,
21.2x250 mm) operating at a tflow rate of 12 mL/min with
mobile phases consisting of water and MeCN (+0.1% formic
acid). Upon injection, elution was carried out 1socratically
with 5% MeCN 1n water for 2 min, followed by a gradient
of 5%-40% MeCN i1n water over 20 min, followed by a
gradient of 40%-100% MeCN over 5 min. Fractions were
collected 1n 1 min intervals over the time range of 5-25 min.
Peaks containing keratinimicin A-D, as judged by HPLC-
MS analysis, were pooled, dried 1n vacuo, resuspended 1n
MeOH and further purified on a semi-preparative/analytical
Agilent HPLC system. The sample was applied to a an RP
Amide-C16 column (Supelco, 5 um, 10x250 mm) operating
at a flow rate of 2.5 mL/min with the same mobile phases as
above and a gradient of 8%-16% MeCN 1n water over 30
min followed by a gradient of 16%-100% MeCN over 5 min.

Peaks containing pure keratinimicin C and D were combined
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and lyophilized to dryness. Peaks containing keratinimicin A
and B were pooled, drnied in vacuo, resuspended in MeOH
and further purified on a semi-preparative XDB-C8 column
(Agilent, 5 um, 10x250 mm) with a gradient of 5%-15%
MeCN 1 water over 30 min followed by a gradient of
15%-100% MeCN over 5 min. Peaks containing pure kera-
tinimicin A and B were combined and lyophilized to dry-
ness. This procedure gave 8.5 mg of keratinimicin A, 1.6 mg,
keratinimicin B, 5.1 mg keratinimicin C, and 0.8 mg kera-
tinimicin D.

[0118] Peaks containing keratinicyclin A-C from the pre-
parative Luna C18 column were pooled, dried in vacuo,
resuspended in MeOH and further purified on a semi-
preparative/analytical Agilent HPLC system. The sample
was applied to a RP Amide-C16 column (Supelco, 5 um,
10x250 mm) operating at a flow rate of 2.5 mL/min with the
same mobile phase as above and a gradient of 10%-20%
MeCN 1n water over 30 min followed by a gradient of
20%-100% MeCN over 5 min. Peaks containing pure kera-
tinicyclin A and C were combined, and lyophilized to
dryness. Peaks containing keratinicyclin B were pooled,
dried in vacuo, resuspended in MeOH and turther purified
on a semi-preparative XDB-C8 column (Agilent, 5 um,

10x250 mm) with a gradient of 5%-15% MeCN 1n water
over 30 min followed by a gradient of 15%-100% MeCN
over 5 min. This procedure gave 2.7 mg of keratinicyclin A,
5.3 mg keratinicyclin B, and 1.2 mg keratinicyclin C.

[0119] In some examples, for structural elucidation,
1D/2D NMR spectra were acquired on an A8 Avance 111 HD
800 MHz NMR spectrometer (Bruker) with a triple reso-
nance cryoprobe. The NMR samples of keratinimicin A-D
and keratinicyclin A-C were prepared in DMSO-d6, and
those of canucin A and B were prepared in CD,OH.

[0120] In some examples, a NOESY spectrum of canucin
A acquired 1n CD;OH at 295 K with a mixing time of 500
ms exhibited the greatest number of correlations, while
avoiding spin diffusion, and was therefore used for structure
calculations. Cross-peak positions and volumes 1n this spec-
trum were measured 1n MestReNova and assigned manually.
These were given as 1nitial input data for the calculations,
which were performed in CYANA 2.1 on a Linux cluster.
The 1sopeptide bond was incorporated via explicit distance
constraints for the N-C bond between the N of Gly1 and the
C, of Asp8. Specifically, both of the upper and lower limaits
for the N-C,. bond length were set to 1.4 A, with weighting
tactors of 1.00. These distances were based on the average
bond length of an amide bond. The unnatural amino acid
-OH-Asp in canucin A was encoded mto the CYANA
residue library using CYLIB software®. Seven cycles of
combined NOESY assignment and structure calculation
were performed, followed by a final structure calculation.
Calibration parameters for extraction of distance constraints
from cross-peak volumes were determined automatically.
For each cycle and for the final calculation, 100 mitial
conformers were generated, and a simulated annealing
schedule, composed of 10000 torsion angle dynamic steps,
was applied to each conformer. Statistics were generated for
the 10 conformers with the lowest final target functions (see

Table S3). The calculated conformers were visualized 1n
PyMolL.

[0121] To determine antibacterial and antiviral perfor-
mance, assays were performed. In one example, antibacte-
rial assays were carried out by Micromyx, LLC 1n accor-
dance with methods from the Clinical and Laboratory
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Standards Institute. Minimal inhibitory concentrations were
determined with the following strains: S. aureus ATCC
29213, 8. aureus MMX 2011, S. preumoniae AICC 49619,
S. pvogenes MMX 6253, S. agalactiae MMX 6189, L.

faecalis ATCC 29212, E. faecalis MMX 486, B. subtilis

ATCC 6633, E. coli ATCC 25922, K. preumoniae MMX
214, P. aeruginosa AICC 27853, A. baumannii ATCC
19606, V. cholerae BAA-2163, C. difficile ATCC 700057,
and B. fragilis ATCC 25285.

[0122] Inthis example, antiviral assays were performed by
Virapur 1n accordance with methods from the Clinical and
Laboratory Standards Institute. Minimal inhibitory concen-

trations were determined with the following viruses and host
cells (listed 1n Table 1): Influenza A/Perth/16/2009 1n

MDCK cells, Influenza B/Wisconsin/1/2010 in MDCK
cells, Herpes Simplex 1 Stramn Maclntyre in Vero cells,
Herpex Simplex 2 Strain G in Vero cells, Vaccinia virus WR
in Vero cells, Rhinovirus 8 in HelLa cells and Respiratory
Syncytial Virus 1n Hep2 cells.

[0123] In another example, Keratinimicins and keratini-
cyclins were purified from large-scale production cultures of
Amycolatopsis sp. B24117. A total of 6 L were cultured 1n
6x4 L Erlenmeyer flasks, each containing 1 L of R4 medium.
The flasks were moculated with Amycolatopsis sp. B24117
overnight cultures, supplemented with 30 uM of dihydroer-
gocristine, and cultured for 6 days. After 6 days, the cells
were removed by centrifugation (30 min, 8000 g) and the
supernatant loaded mto a PHENOMENEX® prepacked
Sep-Pak column (5 g). Keratinimicins and keratinicyclins
were washed with water, then eluted with a step gradient of
10%, 25%, 50%, and 100% MeCN (1n H,O), The glyco-
peptides eluted 1n the 25% fraction as determined by HPLC-
MS. They were further purified by HPLC using an Agilent
1200 Series analytical HPLC system equipped with a photo
diode array detector and an automated fraction collector on
a PHENOMENEX® LUNA® C18 semi-preparative col-
umn operating at 2.5 mL/min. The column was equilibrated
in 10% MeCN 1n water, both MeCN and water contained
0.1% formic acid. Upon injection of the crude matenal,
clution was then carried out with a gradient of 10-60%
MeCN (1n water) over 35 min. Fractions contained glyco-
peptides, as judged by HPLC-MS, were collected, dried in
vacuo, resuspended 1n a small volume of MeOH, and then
reapplied to the same column. Elution was carried out
isocratically at 13% MeCN 1n water over 1 hour. Pure
keratinimicins and keratinicyclins were characterized by
high resolution HPLC-ESI-MS (HR-MS) on an Agilent
6540 UHD Accurate Mass Q-tof LCMS system, which
consisted of a 1260 Infinity Series HPLC system, an auto-
mated liquid sampler, a diode array detector, a JetStream ESI
source, and the 6540 Series Q-tof. HR-MS detection was
calibrated to within 0.5 ppm. Samples were resolved on a
C18 Eclipse column (Agilent, 2.7 um, 2x50 mm) operating
at 0.4 mL/min with a gradient of 10% MeCN 1n H,O (and
0.1% Formic Acid) to 95% MeCN 1n H,O (and 0.1% Formic
Acid) over 13 min. The compounds were also characterized
by NMR: 'H, '°C, and 2D NMR spectra were recorded on
a Bruker Avance III 800 MHz spectrometer equipped with a
cryoprobe. Spectra were routinely obtained 1n DMSO-d6,
and the chemical shifts were referenced to the residual
solvent peak.

[0124] Analysis of these data allowed structural elucida-
tion of the various compounds, seen in FIGS. 21 A-21F. The
compounds include: Keratinimicin A (FIG. 21A), Keratin-
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imicin B (FIG. 21B), Keratinimicin C (FIG. 21C), Keratini-
cyclin A (FIG. 21D), Keratinicyclin B (FIG. 21E), and
Keratinicyclin C (FIG. 21F).

[0125] These compounds are bioactive. In some 1nstances,
the compounds show activity against gram-positive bactera.
For example, although they may also show activity against
gram-negative targets, the bioactivity of Keratinimicin B
and C (FIGS. 21B and 21C) were tested against various
gram-positive targets. The results are shown below 1n Table

1.

TABLE 1

Bioactivity of Keratinimicin B and C.

Target Keratinimicin B Keratinimicin C
S. aureus MSSA 8 pg/ml 8 ng/mL

S. aureus MRSA 4 8

S. preumoniae 0.25 1

S. pvogenes 0.5 2

S. agalactiae 1 4

E. faecalis VSE 4 8

E. faecalis VRE >64 >64

C. difficile 0.5 0.5

What 1s claimed 1s:
1. A method for rapid eliciting cryptic metabolites, the
method comprising the steps of:

providing a first well comprising a first quantity of a
medium and at least one microorganism from a first
species;

providing a plurality of additional wells, each comprising
the medium, at least one microorganism from the first
species, and at least one compound;

growing microorganisms in each well;

imaging each well with mass spectrometry; and

identifying a diflerence 1n the mass spectrometry images
between at least one of the additional wells and the first
well, and identifying the at least one compound that
elicited the difference.
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2. The method according to claim 1, further comprising
1solating a molecule.

3. The method according to claim 2, wherein isolating the
molecule comprises:

providing a larger culture, comprising second quantity of
a medium and at least one microorganism from the first
species, the second quantity being larger than the first
quantity;

adding the identified at least one compound to the larger
culture;

growing the microorganism; and

removing cells via centrifugation.

4. The method according to claim 3, further comprising
purifying via HPLC.

5. The method according to claim 2, further comprising
characterizing the molecule.

6. The method according to claim 2, wherein the charac-
terizing the molecule 1s accomplished via at least one

method selected from the group consisting of: HPLC-ESI-
MS or NMR.

7. The method according to claim 1, wherein the mass

spectrometry 1s laser-ablation electrospray 1onization mass
spectrometry (LAESI-MS).

8. The method according to claim 1, wherein the plurality
of wells 1s part of a plate containing at least 96 wells.

9. The method according to claim 1, wherein the micro-
organism 1S a gram-negative bacterium, a gram-positive
bacterium, or a fungus.

10. The method according to claim 9, wherein the micro-
organism 1s Amycolatopsis sp. B24117.

11. The method according to claim 1, wherein the genome
sequence ol the microorganism 1s not known.

12. The method according to claim 1, wherein each of the
at least one compounds 1s a subset of a small molecule
library.
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