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� Collection of Source Organisms

� Growth of Microbial Source Organisms

� Sample Processing and Extraction

� Provision of Vialed and Plated Extracts 

� Preparation of Test Samples for NCI-60 Screening

� Isolation and Identification of Active Compounds from 
Selected Extracts

� Re-isolation of Bulk Quantities of Natural Products
� Maintenance of Appropriate Data Fields on Source 

Organisms and Transferred Extracts

Natural Products Branch Responsibilities
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Plant Extract Library

Marine Extract Library

Microbial Extract Library

‣ ~161,000 extracts (organic + aqueous)
‣ ~44,000 plants, including 81,400 raw 

materials (leaves, roots, fruit, etc.) collected 
from Africa and Madagascar; North, Central 
and South America; and Southeast Asia.

‣ ~41,000 extracts (organic + aqueous)
‣ ~20,500 organisms collected from the Indo-

Pacific region.

Figure 2. Photos of various marine organisms collected through contracts with the Harbor Branch 
Oceanographic Institute, the Australian Institute of Marine Science, the University of Canterbury, New 
Zealand and the Coral Reef Research Foundation. Photos courtesy of the Natural Products Branch, NCI.

Figure 1. Representative photos of plants that produce approved anti-cancer drugs: i. paclitaxel producer, 
Taxus brevifolia (Pacific Yew) foliage and fruit; ii. dry mount of Taxus brevifolia var. repaneta type 
specimen preserved at the US National Herbarium; iii. vinblastine and vincristine producer, Catharanthus 
roseus (Madagascar periwinkle); iv. etoposide producer, Podophyllum  peltatum  (mayapple). Photos 
courtesy of the US National Herbarium at the Smithsonian National Museum of Natural History.
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Figure 3. Photos of various microorganisms maintained within the Microbial Metabolites Laboratory at 
NCI-Frederick: i. Penicillium notatum; ii. Streptomyces peucetius; iii. Penicillium duclauxi; iv. Eupenicillium 
brefeldianum; v. Streptomyces sp.; vi. Leptoxyphium sp. 

‣ ~30,000 extracts (organic + aqueous)
‣ ~16,000 organisms:
‣ 4,160 unique genus and species
‣ 7,600 unknown organisms
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NCI Natural Products Repository

The NCI has one of the world’s largest, most diverse collections of natural 
product extracts (>230,000 extracts).
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Natural Product-derived Drugs and Screening
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PubMed Citations for HTS and Natural Products

Henrich, C.J., Beutler, J.A. Nat Prod Rep. 30(10):1284-98, 2013.

Newman, D.J  and Cragg, G. J. Nat. Prod. 79: 629-61, 2016.



Antibiotic and Antiviral Research Increasingly needs 
to be Supported

• The pharmaceutical industry continues to reduce its efforts in 
anti-infection research and development 



Need for Improved Capabilities for Natural Product 
Research

– Over 40% of clinically used anti-cancer chemotherapeutics are natural 
products or derived from natural products (1981-2014)1

– Less than 1% of high-throughput screening programs reported over the 
last 15 years have screened natural product extracts.

– NCI natural product repository currently underutilized for drug discovery 
due to extract complexity and outdated technologies.

– How best to increase utilization of the NCI repository of extracts and 
encourage inclusion of natural products in high-throughput screening? 

• Screening challenges
• Isolation, structure elucidation
• Resupply

• Over 50% of clinically used antimicrobials are natural products or 
derived from natural products (1981-2014)1

• How to best use the NCI natural products repository

1Newman, D.J  and Cragg, G. J. Nat. Prod. 79: 629-61, 2016.



Natural Product Research and the NIH Intramural 
Program

• Natural product Research has been declared a “Core Scientific 
Opportunity for the Future”



NCI Program for Natural Products Discovery

• The NCI Program for Natural Products Discovery (NPNPD) is a joint effort of the 
Division of Cancer Treatment and Diagnosis and the Center for Cancer Research.

• The NPNPD is designed to facilitate both intramural and extramural research and 
address current challenges in natural product based drug discovery.



NPNPD Design

Functional Scope of the NCI Program for Natural Product Discovery



• Aim 1. Create new technologies to build an enhanced NP pre-fractionated 
library amenable to modern high-throughput targeted screening 
programs.

• Aim 2. Expand the chemical diversity available to the public from 
culturable microorganisms with new methods and libraries.

• Aim 3. Provide the pre-fractionated library to screening centers 
worldwide to accelerate drug discovery.

• Aim 4. Encourage high throughput screening support for researchers 
to enable targeted discovery efforts.

• Aim 5. Provide faster analytical resources (isolation, structure 
elucidation, re-supply) to expedite translational pipelines.

• Aim 6. Establish a public database and bioinformatics platform to broaden 
input and expand impact.

NPNPD Cancer Moonshot Project Specific Aims

Co-PIs: Drs. Joel Schneider and Barry O’Keefe
Specific Aims



Prefractionation Plans

• Creation of a ~1,000,000 fraction library of semi-pure natural product 
samples more amenable to modern screening technologies.

• Provide a “value added” screening library unlike anything currently publicly 
available to encourage increased use of natural product chemical diversity.

• Use of the pre-fractionated library should improve the efficiency of both high 
throughput screening and subsequent chemistry efforts.

• Practical considerations
� Need to produce >150,000 fractions per year
� Fractions must have a defined weight
� Sufficient mass to support screening programs for 10 years 
� Storage must allow for rapid automated access



Prefractionation Method Development

IV.Total Phenolics Assay

A microplate-adapted colorimetric total 
phenolics assay was developed to measure 
the total phenolic content of each plant 
organic extract (A) and their respective 
fractions based on gallic acid equivalents (B).

N60679 N15197 N15957 N60323 mg / well

1.0

0.10

0.01

0.005

0.0025

0.00125

0.000625

0.0003125

I. Extract Sources and Fractionation System
‣ Plant Organic (4):

• Rubiaceae Exostema caribaeum (stem bark)
• Euphorbiaceae Fluegga virosa (root)
• Olacaceae Olax scandens (leaf)
• Proteaceae Conospermum stoechadis (leaf & stem)

‣ Marine Aqueous (3):
• Poritidae Goniopora lobata (stony coral)
• Desmacellidae Biemna sp. (sponge)
• Blue-green algae (cyanobacterium)

‣ Marine Organic (3):
•Codiaceae Codium fragile (seaweed)
•Blue-green algae (cyanobacterium)
•Plakortis lita (sponge)

‣ Microbial Organic (3):
•Actinomycete (bacterium)
• Penicillium duclauxi (fungus)
•Moniliaceae Aspergillus fumigatus (fungus)High-Throughput Positive Pressure SPE System 

(Tecan Freedom EVO®)

II. Solid Phase Extraction (SPE) Sorbents Investigated
‣Organic Extracts:

• Diol: Polar sorbent (normal phase).
• C8: Medium retentive, non-polar sorbent. 
• Oasis® HLB: Hydrophobic-Lipophilic-Balanced 

polymer.
• C8/HLB: Layered SPE column for extraction of a broad 

range of analytes on a single column.

‣Aqueous Extracts:
• C4: Weak retentive, non-polar sorbent.
• Oasis® HLB: Hydrophobic-Lipophilic-Balanced polymer.
• ISOLUTE® ENV+: Hydroxylated polystyrene 

divinylbenzene co-polymer.
• C4/HLB: Layered SPE column for extraction of a broad 

range of analytes on a single column.
Layered SPE column (C4/HLB) showing 

differential binding of analytes.

III. Solvent Schemes Investigated

‣Reverse Phase 
MeOH / H2O vs MeCN / H2O:

• 2 solvent systems for 7 total fractions
• 2 solvent systems for 10 total fractions

‣Normal Phase 
Hexanes, CH2Cl2, EtOAc, MeOH:
• 2 solvent systems for 7 total fractions
• 2 solvent systems for 10 total fractions 7 
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Extract Abs*(730*nm)*
0.1*mg*************

Total*Phenolics*
(nmol)

Per*200*mg*
(µmol) Extract Abs*(730*nm)*

0.01*mg*************
Total*Phenolics*

(nmol)
Per*200*mg*
(µmol)

N60679 0.755 78.3 156.6 N60679 0.055 7.6 152.1
N15197 2.490 253.6 507.1 N15197 0.252 27.6 551.1
N15957 0.317 34.1 68.2 N15957 0.018 3.9 77.4
N60323 1.571 160.7 321.5 N60323 0.141 16.3 325.9

y=0.0099x00.028 y=0.0099x00.028
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B

Number of fractions were determined by 96-well 
and 384-well plate formats.

• The result was >2000 individual fractions that were all tested in 3 biochemical 
assays, the NCI-60 cancer cell cytotoxicity assay and a >200 parameter high 
content imaging assay.

• Fractions were tested for mass, % phenolics and total yield.

• Fractions were also analyzed by LC/MS for principal component analysis.



Pre-fractionation Method Evaluation

F1 F2 F3 F4 F5 F6 F7

Diol-NP01.7 5.6 4.0 15.2 3.6 13.2 75.5 32.3
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13068 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 100.68
HL-60(TB) 108.15
K-562 97.88
MOLT-4 90.14
RPMI-8226 103.36
SR 98.55

Non-Small Cell Lung Cancer
A549/ATCC 81.84
EKVX 111.38
HOP-62 107.82
HOP-92 91.72
NCI-H226 92.04
NCI-H23 103.22
NCI-H322M 101.08
NCI-H460 105.17
NCI-H522 90.60

Colon Cancer
COLO 205 114.81
HCC-2998 103.84
HCT-116 100.20
HCT-15 107.62
HT29 103.66
KM12 102.06
SW-620 100.41

CNS Cancer
SF-268 100.57
SF-295 105.03
SF-539 106.54
SNB-19 102.31
SNB-75 98.79
U251 86.40

Melanoma
LOX IMVI 94.99
MALME-3M 102.76
M14 100.35
MDA-MB-435 108.59
SK-MEL-2 106.72
SK-MEL-28 108.87
SK-MEL-5 104.32
UACC-257 86.06
UACC-62 83.57

Ovarian Cancer
IGROV1 94.80
OVCAR-3 109.64
OVCAR-4 115.58
OVCAR-5 106.74
OVCAR-8 98.02
NCI/ADR-RES 103.33
SK-OV-3 105.62

Renal Cancer
786-0 101.86
A498 76.77
ACHN 105.27
CAKI-1 89.47
RXF 393 101.11
SN12C 85.18
TK-10 95.45
UO-31 90.62

Prostate Cancer
PC-3 97.08
DU-145 108.90

Breast Cancer
MCF7 98.35
MDA-MB-231/ATCC 88.68
HS 578T 99.74
BT-549 99.75
T-47D 87.66
MDA-MB-468 103.58

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
125 62.5 0.0 -62.5 -125

Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13069 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 94.73
HL-60(TB) 100.37
K-562 109.27
MOLT-4 84.58
RPMI-8226 100.78
SR 96.74

Non-Small Cell Lung Cancer
A549/ATCC 84.06
EKVX 105.94
HOP-62 98.15
HOP-92 87.80
NCI-H226 90.65
NCI-H23 105.26
NCI-H322M 95.76
NCI-H460 100.15
NCI-H522 102.27

Colon Cancer
COLO 205 114.09
HCC-2998 99.96
HCT-116 93.36
HCT-15 107.68
HT29 105.24
KM12 99.52
SW-620 104.25

CNS Cancer
SF-268 97.10
SF-295 104.21
SF-539 100.28
SNB-19 98.15
SNB-75 91.54
U251 89.29

Melanoma
LOX IMVI 97.21
MALME-3M 100.02
M14 104.51
MDA-MB-435 108.96
SK-MEL-2 106.84
SK-MEL-28 115.28
SK-MEL-5 103.62
UACC-257 86.02
UACC-62 84.25

Ovarian Cancer
IGROV1 108.05
OVCAR-3 103.11
OVCAR-4 109.73
OVCAR-5 103.57
OVCAR-8 101.46
NCI/ADR-RES 104.74
SK-OV-3 111.17

Renal Cancer
786-0 105.17
A498 65.82
ACHN 100.99
CAKI-1 88.48
RXF 393 98.68
SN12C 87.92
TK-10 101.43
UO-31 95.59

Prostate Cancer
PC-3 90.05
DU-145 109.22

Breast Cancer
MCF7 93.85
MDA-MB-231/ATCC 91.07
HS 578T 100.23
BT-549 101.64
T-47D 103.12
MDA-MB-468 96.42

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13070 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 96.42
HL-60(TB) 84.25
K-562 88.72
MOLT-4 89.63
RPMI-8226 102.08
SR 93.55

Non-Small Cell Lung Cancer
A549/ATCC 83.54
EKVX 112.34
HOP-62 104.00
HOP-92 92.05
NCI-H226 93.10
NCI-H23 99.81
NCI-H322M 99.23
NCI-H460 105.59
NCI-H522 100.63

Colon Cancer
COLO 205 116.82
HCC-2998 98.71
HCT-116 93.57
HCT-15 109.25
HT29 95.34
KM12 103.91
SW-620 104.43

CNS Cancer
SF-268 102.89
SF-295 105.32
SF-539 103.88
SNB-19 102.22
SNB-75 95.71
U251 92.72

Melanoma
LOX IMVI 95.33
MALME-3M 105.35
M14 105.63
MDA-MB-435 105.12
SK-MEL-2 108.20
SK-MEL-28 108.73
SK-MEL-5 97.86
UACC-257 83.17
UACC-62 78.80

Ovarian Cancer
IGROV1 106.62
OVCAR-3 111.49
OVCAR-4 113.69
OVCAR-5 101.34
OVCAR-8 102.80
NCI/ADR-RES 105.38
SK-OV-3 108.90

Renal Cancer
786-0 105.55
A498 56.88
ACHN 108.94
CAKI-1 90.71
RXF 393 105.12
SN12C 89.57
TK-10 96.38
UO-31 93.08

Prostate Cancer
PC-3 94.13
DU-145 114.97

Breast Cancer
MCF7 96.14
MDA-MB-231/ATCC 96.02
HS 578T 93.65
BT-549 101.61
T-47D 93.49
MDA-MB-468 103.32

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
125 62.5 0.0 -62.5 -125

Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13071 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 56.81
HL-60(TB) 84.65
K-562 95.58
MOLT-4 75.54
RPMI-8226 73.77
SR 56.51

Non-Small Cell Lung Cancer
A549/ATCC 70.17
EKVX 56.57
HOP-62 83.99
HOP-92 76.54
NCI-H226 87.30
NCI-H23 98.40
NCI-H322M 73.59
NCI-H460 69.28
NCI-H522 72.24

Colon Cancer
COLO 205 73.20
HCC-2998 87.51
HCT-116 87.83
HCT-15 90.09
HT29 92.52
KM12 68.12
SW-620 94.85

CNS Cancer
SF-268 78.21
SF-295 99.74
SF-539 77.96
SNB-19 74.87
SNB-75 71.46
U251 56.88

Melanoma
LOX IMVI 11.97
MALME-3M 92.36
M14 103.50
MDA-MB-435 109.60
SK-MEL-2 109.48
SK-MEL-28 86.11
SK-MEL-5 58.75
UACC-257 91.11
UACC-62 75.23

Ovarian Cancer
IGROV1 66.59
OVCAR-3 89.41
OVCAR-4 88.32
OVCAR-5 88.13
OVCAR-8 94.93
NCI/ADR-RES 99.99
SK-OV-3 83.86

Renal Cancer
786-0 102.42
A498 68.02
ACHN 109.29
CAKI-1 73.98
RXF 393 75.06
SN12C 61.53
TK-10 86.97
UO-31 78.78

Prostate Cancer
PC-3 78.88
DU-145 101.42

Breast Cancer
MCF7 94.39
MDA-MB-231/ATCC 55.11
HS 578T 85.08
BT-549 56.85
T-47D 81.09
MDA-MB-468 54.35

Panel/Cell Line Growth Percent Bar Graph
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13072 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 44.16
HL-60(TB) 15.04
K-562 19.03
MOLT-4 35.85
RPMI-8226 3.75
SR 16.96

Non-Small Cell Lung Cancer
A549/ATCC 29.57
EKVX 18.98
HOP-62 35.93
HOP-92 -12.40
NCI-H226 34.31
NCI-H23 42.16
NCI-H322M 43.59
NCI-H460 28.87
NCI-H522 34.14

Colon Cancer
COLO 205 -26.18
HCC-2998 66.84
HCT-116 16.11
HCT-15 39.24
HT29 20.12
KM12 40.05
SW-620 15.95

CNS Cancer
SF-268 58.22
SF-295 -7.01
SF-539 39.23
SNB-19 62.68
SNB-75 33.75
U251 36.57

Melanoma
LOX IMVI -65.21
MALME-3M 19.89
M14 3.98
MDA-MB-435 23.04
SK-MEL-2 40.69
SK-MEL-28 2.34
SK-MEL-5 -61.85
UACC-257 7.58
UACC-62 -41.67

Ovarian Cancer
IGROV1 49.08
OVCAR-3 64.87
OVCAR-4 52.78
OVCAR-5 47.24
OVCAR-8 35.72
NCI/ADR-RES 51.61
SK-OV-3 54.74

Renal Cancer
786-0 67.29
A498 62.63
ACHN 44.05
CAKI-1 17.99
RXF 393 51.00
SN12C 35.68
TK-10 64.86
UO-31 60.51

Prostate Cancer
PC-3 41.84
DU-145 51.23

Breast Cancer
MCF7 24.73
MDA-MB-231/ATCC 20.12
HS 578T 65.77
BT-549 33.18
T-47D 34.89
MDA-MB-468 22.07

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
75 37.5 0.0 -37.5 -75

Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13073 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 68.11
HL-60(TB) 70.85
K-562 49.47
MOLT-4 71.29
RPMI-8226 45.92
SR 62.90

Non-Small Cell Lung Cancer
A549/ATCC 63.30
EKVX 62.26
HOP-62 80.74
HOP-92 60.11
NCI-H226 59.66
NCI-H23 53.38
NCI-H322M 99.41
NCI-H460 77.82
NCI-H522 60.53

Colon Cancer
COLO 205 88.33
HCC-2998 76.80
HCT-116 58.11
HCT-15 94.87
HT29 85.45
KM12 93.46
SW-620 83.52

CNS Cancer
SF-268 88.20
SF-295 59.38
SF-539 89.41
SNB-19 92.88
SNB-75 85.10
U251 79.29

Melanoma
LOX IMVI 68.00
MALME-3M 78.70
M14 79.82
MDA-MB-435 80.51
SK-MEL-2 74.45
SK-MEL-28 97.62
SK-MEL-5 32.92
UACC-257 49.66
UACC-62 67.67

Ovarian Cancer
IGROV1 68.35
OVCAR-3 77.45
OVCAR-4 54.55
OVCAR-5 90.38
OVCAR-8 73.38
NCI/ADR-RES 67.86
SK-OV-3 88.77

Renal Cancer
786-0 84.29
A498 70.07
ACHN 63.10
CAKI-1 65.84
RXF 393 93.19
SN12C 72.87
TK-10 96.91
UO-31 72.72

Prostate Cancer
PC-3 63.45
DU-145 93.76

Breast Cancer
MCF7 61.56
MDA-MB-231/ATCC 67.82
HS 578T 90.90
BT-549 59.41
T-47D 48.01
MDA-MB-468 29.81
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NSC:  P13074 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 99.91
HL-60(TB) 106.99
K-562 100.02
MOLT-4 94.59
RPMI-8226 99.59
SR 89.37

Non-Small Cell Lung Cancer
A549/ATCC 86.89
EKVX 106.40
HOP-62 99.69
HOP-92 77.08
NCI-H226 89.01
NCI-H23 96.15
NCI-H322M 101.61
NCI-H460 107.63
NCI-H522 85.72

Colon Cancer
COLO 205 108.67
HCC-2998 97.11
HCT-116 93.94
HCT-15 107.54
HT29 104.30
KM12 113.86
SW-620 104.01

CNS Cancer
SF-268 100.02
SF-295 100.71
SF-539 105.77
SNB-19 102.00
SNB-75 89.26
U251 89.69

Melanoma
LOX IMVI 91.54
MALME-3M 101.47
M14 96.00
MDA-MB-435 103.75
SK-MEL-2 97.96
SK-MEL-28 99.04
SK-MEL-5 98.12
UACC-257 84.33
UACC-62 81.33

Ovarian Cancer
IGROV1 103.25
OVCAR-3 104.00
OVCAR-4 107.94
OVCAR-5 101.01
OVCAR-8 101.88
NCI/ADR-RES 100.88
SK-OV-3 101.86

Renal Cancer
786-0 110.65
A498 63.09
ACHN 98.64
CAKI-1 92.15
RXF 393 108.70
SN12C 90.59
TK-10 102.15
UO-31 91.00

Prostate Cancer
PC-3 79.60
DU-145 109.92

Breast Cancer
MCF7 93.21
MDA-MB-231/ATCC 95.67
HS 578T 97.67
BT-549 103.02
T-47D 89.82
MDA-MB-468 98.80
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13068 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 100.68
HL-60(TB) 108.15
K-562 97.88
MOLT-4 90.14
RPMI-8226 103.36
SR 98.55

Non-Small Cell Lung Cancer
A549/ATCC 81.84
EKVX 111.38
HOP-62 107.82
HOP-92 91.72
NCI-H226 92.04
NCI-H23 103.22
NCI-H322M 101.08
NCI-H460 105.17
NCI-H522 90.60

Colon Cancer
COLO 205 114.81
HCC-2998 103.84
HCT-116 100.20
HCT-15 107.62
HT29 103.66
KM12 102.06
SW-620 100.41

CNS Cancer
SF-268 100.57
SF-295 105.03
SF-539 106.54
SNB-19 102.31
SNB-75 98.79
U251 86.40

Melanoma
LOX IMVI 94.99
MALME-3M 102.76
M14 100.35
MDA-MB-435 108.59
SK-MEL-2 106.72
SK-MEL-28 108.87
SK-MEL-5 104.32
UACC-257 86.06
UACC-62 83.57

Ovarian Cancer
IGROV1 94.80
OVCAR-3 109.64
OVCAR-4 115.58
OVCAR-5 106.74
OVCAR-8 98.02
NCI/ADR-RES 103.33
SK-OV-3 105.62

Renal Cancer
786-0 101.86
A498 76.77
ACHN 105.27
CAKI-1 89.47
RXF 393 101.11
SN12C 85.18
TK-10 95.45
UO-31 90.62

Prostate Cancer
PC-3 97.08
DU-145 108.90

Breast Cancer
MCF7 98.35
MDA-MB-231/ATCC 88.68
HS 578T 99.74
BT-549 99.75
T-47D 87.66
MDA-MB-468 103.58
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13069 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 94.73
HL-60(TB) 100.37
K-562 109.27
MOLT-4 84.58
RPMI-8226 100.78
SR 96.74

Non-Small Cell Lung Cancer
A549/ATCC 84.06
EKVX 105.94
HOP-62 98.15
HOP-92 87.80
NCI-H226 90.65
NCI-H23 105.26
NCI-H322M 95.76
NCI-H460 100.15
NCI-H522 102.27

Colon Cancer
COLO 205 114.09
HCC-2998 99.96
HCT-116 93.36
HCT-15 107.68
HT29 105.24
KM12 99.52
SW-620 104.25

CNS Cancer
SF-268 97.10
SF-295 104.21
SF-539 100.28
SNB-19 98.15
SNB-75 91.54
U251 89.29

Melanoma
LOX IMVI 97.21
MALME-3M 100.02
M14 104.51
MDA-MB-435 108.96
SK-MEL-2 106.84
SK-MEL-28 115.28
SK-MEL-5 103.62
UACC-257 86.02
UACC-62 84.25

Ovarian Cancer
IGROV1 108.05
OVCAR-3 103.11
OVCAR-4 109.73
OVCAR-5 103.57
OVCAR-8 101.46
NCI/ADR-RES 104.74
SK-OV-3 111.17

Renal Cancer
786-0 105.17
A498 65.82
ACHN 100.99
CAKI-1 88.48
RXF 393 98.68
SN12C 87.92
TK-10 101.43
UO-31 95.59

Prostate Cancer
PC-3 90.05
DU-145 109.22

Breast Cancer
MCF7 93.85
MDA-MB-231/ATCC 91.07
HS 578T 100.23
BT-549 101.64
T-47D 103.12
MDA-MB-468 96.42

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
125 62.5 0.0 -62.5 -125

Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13070 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 96.42
HL-60(TB) 84.25
K-562 88.72
MOLT-4 89.63
RPMI-8226 102.08
SR 93.55

Non-Small Cell Lung Cancer
A549/ATCC 83.54
EKVX 112.34
HOP-62 104.00
HOP-92 92.05
NCI-H226 93.10
NCI-H23 99.81
NCI-H322M 99.23
NCI-H460 105.59
NCI-H522 100.63

Colon Cancer
COLO 205 116.82
HCC-2998 98.71
HCT-116 93.57
HCT-15 109.25
HT29 95.34
KM12 103.91
SW-620 104.43

CNS Cancer
SF-268 102.89
SF-295 105.32
SF-539 103.88
SNB-19 102.22
SNB-75 95.71
U251 92.72

Melanoma
LOX IMVI 95.33
MALME-3M 105.35
M14 105.63
MDA-MB-435 105.12
SK-MEL-2 108.20
SK-MEL-28 108.73
SK-MEL-5 97.86
UACC-257 83.17
UACC-62 78.80

Ovarian Cancer
IGROV1 106.62
OVCAR-3 111.49
OVCAR-4 113.69
OVCAR-5 101.34
OVCAR-8 102.80
NCI/ADR-RES 105.38
SK-OV-3 108.90

Renal Cancer
786-0 105.55
A498 56.88
ACHN 108.94
CAKI-1 90.71
RXF 393 105.12
SN12C 89.57
TK-10 96.38
UO-31 93.08

Prostate Cancer
PC-3 94.13
DU-145 114.97

Breast Cancer
MCF7 96.14
MDA-MB-231/ATCC 96.02
HS 578T 93.65
BT-549 101.61
T-47D 93.49
MDA-MB-468 103.32
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13071 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 56.81
HL-60(TB) 84.65
K-562 95.58
MOLT-4 75.54
RPMI-8226 73.77
SR 56.51

Non-Small Cell Lung Cancer
A549/ATCC 70.17
EKVX 56.57
HOP-62 83.99
HOP-92 76.54
NCI-H226 87.30
NCI-H23 98.40
NCI-H322M 73.59
NCI-H460 69.28
NCI-H522 72.24

Colon Cancer
COLO 205 73.20
HCC-2998 87.51
HCT-116 87.83
HCT-15 90.09
HT29 92.52
KM12 68.12
SW-620 94.85

CNS Cancer
SF-268 78.21
SF-295 99.74
SF-539 77.96
SNB-19 74.87
SNB-75 71.46
U251 56.88

Melanoma
LOX IMVI 11.97
MALME-3M 92.36
M14 103.50
MDA-MB-435 109.60
SK-MEL-2 109.48
SK-MEL-28 86.11
SK-MEL-5 58.75
UACC-257 91.11
UACC-62 75.23

Ovarian Cancer
IGROV1 66.59
OVCAR-3 89.41
OVCAR-4 88.32
OVCAR-5 88.13
OVCAR-8 94.93
NCI/ADR-RES 99.99
SK-OV-3 83.86

Renal Cancer
786-0 102.42
A498 68.02
ACHN 109.29
CAKI-1 73.98
RXF 393 75.06
SN12C 61.53
TK-10 86.97
UO-31 78.78

Prostate Cancer
PC-3 78.88
DU-145 101.42

Breast Cancer
MCF7 94.39
MDA-MB-231/ATCC 55.11
HS 578T 85.08
BT-549 56.85
T-47D 81.09
MDA-MB-468 54.35
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Developmental Therapeutics Program
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NSC:  P13072 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 44.16
HL-60(TB) 15.04
K-562 19.03
MOLT-4 35.85
RPMI-8226 3.75
SR 16.96

Non-Small Cell Lung Cancer
A549/ATCC 29.57
EKVX 18.98
HOP-62 35.93
HOP-92 -12.40
NCI-H226 34.31
NCI-H23 42.16
NCI-H322M 43.59
NCI-H460 28.87
NCI-H522 34.14

Colon Cancer
COLO 205 -26.18
HCC-2998 66.84
HCT-116 16.11
HCT-15 39.24
HT29 20.12
KM12 40.05
SW-620 15.95

CNS Cancer
SF-268 58.22
SF-295 -7.01
SF-539 39.23
SNB-19 62.68
SNB-75 33.75
U251 36.57

Melanoma
LOX IMVI -65.21
MALME-3M 19.89
M14 3.98
MDA-MB-435 23.04
SK-MEL-2 40.69
SK-MEL-28 2.34
SK-MEL-5 -61.85
UACC-257 7.58
UACC-62 -41.67

Ovarian Cancer
IGROV1 49.08
OVCAR-3 64.87
OVCAR-4 52.78
OVCAR-5 47.24
OVCAR-8 35.72
NCI/ADR-RES 51.61
SK-OV-3 54.74

Renal Cancer
786-0 67.29
A498 62.63
ACHN 44.05
CAKI-1 17.99
RXF 393 51.00
SN12C 35.68
TK-10 64.86
UO-31 60.51

Prostate Cancer
PC-3 41.84
DU-145 51.23

Breast Cancer
MCF7 24.73
MDA-MB-231/ATCC 20.12
HS 578T 65.77
BT-549 33.18
T-47D 34.89
MDA-MB-468 22.07
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Developmental Therapeutics Program
One Dose Bar Graph

NSC:  P13073 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 68.11
HL-60(TB) 70.85
K-562 49.47
MOLT-4 71.29
RPMI-8226 45.92
SR 62.90

Non-Small Cell Lung Cancer
A549/ATCC 63.30
EKVX 62.26
HOP-62 80.74
HOP-92 60.11
NCI-H226 59.66
NCI-H23 53.38
NCI-H322M 99.41
NCI-H460 77.82
NCI-H522 60.53

Colon Cancer
COLO 205 88.33
HCC-2998 76.80
HCT-116 58.11
HCT-15 94.87
HT29 85.45
KM12 93.46
SW-620 83.52

CNS Cancer
SF-268 88.20
SF-295 59.38
SF-539 89.41
SNB-19 92.88
SNB-75 85.10
U251 79.29

Melanoma
LOX IMVI 68.00
MALME-3M 78.70
M14 79.82
MDA-MB-435 80.51
SK-MEL-2 74.45
SK-MEL-28 97.62
SK-MEL-5 32.92
UACC-257 49.66
UACC-62 67.67

Ovarian Cancer
IGROV1 68.35
OVCAR-3 77.45
OVCAR-4 54.55
OVCAR-5 90.38
OVCAR-8 73.38
NCI/ADR-RES 67.86
SK-OV-3 88.77

Renal Cancer
786-0 84.29
A498 70.07
ACHN 63.10
CAKI-1 65.84
RXF 393 93.19
SN12C 72.87
TK-10 96.91
UO-31 72.72

Prostate Cancer
PC-3 63.45
DU-145 93.76

Breast Cancer
MCF7 61.56
MDA-MB-231/ATCC 67.82
HS 578T 90.90
BT-549 59.41
T-47D 48.01
MDA-MB-468 29.81

Panel/Cell Line Growth Percent Bar Graph

Percentage Growth
100 50 0.0 -50 -100

Developmental Therapeutics Program
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NSC:  P13074 / 1 Conc:  1.00E1 ug/ml Test Date:  Feb 09, 2015

Experiment ID:  1502OS34 Report Date:  Feb 10, 2017

Leukemia
CCRF-CEM 99.91
HL-60(TB) 106.99
K-562 100.02
MOLT-4 94.59
RPMI-8226 99.59
SR 89.37

Non-Small Cell Lung Cancer
A549/ATCC 86.89
EKVX 106.40
HOP-62 99.69
HOP-92 77.08
NCI-H226 89.01
NCI-H23 96.15
NCI-H322M 101.61
NCI-H460 107.63
NCI-H522 85.72

Colon Cancer
COLO 205 108.67
HCC-2998 97.11
HCT-116 93.94
HCT-15 107.54
HT29 104.30
KM12 113.86
SW-620 104.01

CNS Cancer
SF-268 100.02
SF-295 100.71
SF-539 105.77
SNB-19 102.00
SNB-75 89.26
U251 89.69

Melanoma
LOX IMVI 91.54
MALME-3M 101.47
M14 96.00
MDA-MB-435 103.75
SK-MEL-2 97.96
SK-MEL-28 99.04
SK-MEL-5 98.12
UACC-257 84.33
UACC-62 81.33

Ovarian Cancer
IGROV1 103.25
OVCAR-3 104.00
OVCAR-4 107.94
OVCAR-5 101.01
OVCAR-8 101.88
NCI/ADR-RES 100.88
SK-OV-3 101.86

Renal Cancer
786-0 110.65
A498 63.09
ACHN 98.64
CAKI-1 92.15
RXF 393 108.70
SN12C 90.59
TK-10 102.15
UO-31 91.00

Prostate Cancer
PC-3 79.60
DU-145 109.92

Breast Cancer
MCF7 93.21
MDA-MB-231/ATCC 95.67
HS 578T 97.67
BT-549 103.02
T-47D 89.82
MDA-MB-468 98.80
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Leukemia
CCRF-CEM
HL-60(TB)
K-562
MOLT-4
RPMI-8226

Non-Small Cell Lung Cancer
A549/ATCC
EKVX
HOP-62
HOP-92
NCI-H226
NCI-H23
NCI-H322M
NCI-H460

Colon Cancer
COLO 205
HCC-2998
HCT-116
HCT-15
HT29
KM12
SW-620

CNS Cancer
SF-268
SF-295
SF-539
SNB-19
SNB-75
U251

Melanoma
LOX IMVI
MALME-3M
M14
MDA-MB-435
SK-MEL-2
SK-MEL-28
SK-MEL-5
UACC-257
UACC-62

Ovarian Cancer
IGROV1
OVCAR-3
OVCAR-4
OVCAR-5
OVCAR-8
NCI/ADR-RES
SK-OV-3

Renal Cancer
786-0
A498
ACHN
CAKI-1
RXF 393
SN12C
TK-10
UO-31

Prostate Cancer
PC-3
DU-145

Breast Cancer
MCF7
MDA-MB-231/ATCC
HS 578T
BT-549
T-47D
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NPNPD Pre-fractionation Automation

Weighing

Screening plate 
preparation

Storage

Chromatographic 
separation

Lyophilisation

Prefractionation
workflow

B.
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Initial load of 250 mg organic extracts, 500 mg of aqueous extracts
~90% of resulting fractions contain >2 mg mass
~90% recovery of mass overall for organic extracts



NPNPD Pre-fractionation

September 2018, ACS Chemical Biology Cover Article



NPNPD High Throughput Secondary Separations

• Goal is to be able to get sub-fractions back to screening labs quickly (>200/week)
• Each active fraction (1 mg)  will be further separated into 22 sub fractions
• One system run can purify 44 fractions in 13 hrs (~1000 sub-fractions/day)
• Analytical data (UV-MS and 1H NMR) gathered and stored for active samples
• Allows for rapid de-replication and compound identification



Advantages of Rapid Secondary Active Fraction 
Purification

• Automated 2nd–step chromatography systems will process  >200 samples per 
week, gather necessary analytical data and return further fractionated 
samples to screening laboratories. 

• Improve speed and efficiency of “hit” confirmation by screening laboratories.

• Assist both intramural and extramural screening laboratories in the 
identification of active constituents.

• Add valuable chemical information to annotation of active samples in NCI 
repository

• Minimize waste of extracts.
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LC HRMS Data Acquisition

Data Processing and Statistical Analysis (MZmine, R)
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• Recent Agreement with the Australian
Institute of Marine Science (AIMS)

– >4000 new marine macro-organisms from Australian waters have been 
shipped to the NCI ( ~2000 porifera)

– NCI will extract source material and split extracts between NCI collection 
and AIMS-selected Australian research institute (Griffith Institute for 
Drug Discovery - GRIDD)

– Extracts will be made available to researchers under the normal benefit 
sharing requirements for access to NCI collections

– ~7700 marine microorganisms will also be brought to the NCI
» ~1100 actinomycetes, 1450 fungi, 5000 other eubacteria
» These will need to be sequenced for taxonomy
» NCI will culture and extract the organisms and again split the 

resulting extract with GRIDD

New Collections Coming to the NCI Repository



New NPNPD Microbial Collections

• Citizen Science partnership with the University of Oklahoma
• Up to 4000 new, ITS sequenced, fungi per year from around the United States
• Improved biological diversity for extract preparation
• Source organisms as well as prefractionated extracts provided
• Improved automated culture conditions to increase throughput and yield



NPNPD Bioinformatics and Self-organizing 
Map (SOM) Technologies

Clusters

• 15 x 15 matrix of nodes
• 2205 data points (~10/node)

Increased lethal 
response

Lower initial concentration for response



NPNPD Bioinformatics and Self-organizing Map 
(SOM) Technologies

Increasing Potency

In
cr
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ot
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ity

– Places natural product samples in “biological and chemical space”
– Can be parsed by assay, cell type, source organisms or chemical structure
– Will be broadly available on line through a web interface
– Extract Wiki pages with all pertinent information including data files



NPNPD Compound Isolation/Identification

SOM-based  
analysis

Dereplication and 
spectral analysis

2nd stage HPLC/MS
and activity screening

Structure 
elucidation

Pure compounds

Prefractionation
and activity 
assessment



A NPNPD Pilot Study

• 26 bioactive natural 
products identified

• 3 new natural product 
structures determined

~3 Months

34 Marine Organic Extract Projects 
Selected Based on NCI-60 SOM 

Us of ChemGPS* to compare 
chemical space between FDA 
approved natural products and 
compounds identified by NPNPD 
modernized infrastructure

*Larsson et al., J. Nat Prod. 2007

Natural Product Drugs

NPB Compounds Isolated

More Polar 
NP Drugs



NCI Program for Natural Product Discovery

PRECLINICAL
DEVELOPMENT

PUBLIC
DATABASE

Initial prefractionated samples (~150,000) and secondary 
fractionation of NCI fractions should become available in 

January 2019. 



NCI Program for Natural Product Discovery

• Antimicrobial discovery and development has been and 
continues to be a unique area of productivity for natural product 
research.

• To get the maximum yield form NIH’s investment in natural 
product research the involvement of scientists working on 
infectious disease targets is important.

• So, how can we work together with NIAID to encourage the 
use of this new NCI resource to identify new antibacterial 
and antiviral agents?

• Extramural funding opportunities for NIAID grantees
• Intramural research efforts


