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An alternative to standard natural product dereplication methods, where an unknown’s LC/HRMS
retention time (tR) is compared to that of known standards, is the use of predicted tR data.
Specifically, tR predictions can be coupled with HRMS as an extra filter in high-throughput screening
strategies. This has the potential to allow rapid identification of known natural products, improving
methods for isolation of novel compounds.
Our study goal was to rapidly identify known natural products from Streptomyces sp. so we could
focus structural analysis on novel compounds. We built a database of compounds from
Streptomyces (StrepDB) which contains structure, molecular formula, and predicted tR data. We
also constructed a database which contains NMR, LC/MS, MS/MS, and UV data for 665 natural
products (MbcDB) to provide spectral information for structure elucidation. We tested this
combined database approach by investigating the screening, isolation, and characterization of
new pyrrolidine alkaloids in a mutant Streptomyces extract.

Building StrepDB and MbcDB

Isolation and Structure Determination

Calculating LC tR Values
A tR prediction model training set based on
physicochemical values for 417 natural products
in MbcDB (logP, logD, molecular weight, etc.)
was created in ACD/ChromGenius. LC tR values
were estimated for each entry in the training set
using the 10% most similar compounds by Dice
coefficient similarity search.3 The overall
correlation value between predicted and
experimental training set tR values was R2 = 0.75
(Figure 3). 76% of the training set possessed tR
deviations (experimental minus predicted) from
0.0–2.0 min, and 93% from 0.0–4.0 min. The model
was then used to predict LC tR values for the
5555 compounds in StrepDB (Figure 4).

The water-butanol fraction was purified with a C18 HPLC column to isolate new compounds
legonmaleimides A and B, and known compounds legonindolizidines4 A and B (Figure 6). HRESIMS
of legonmaleimides A and B gave molecular formulae of C14H21O5N2 and C14H23O5N2, respectively,
and 1H NMR spectral searches of MbcDB suggested similarities to the known legonindolizidines.4
Their full structures were assigned by the interpretation of 1D and 2D NMR data, in particular COSY
and HMBC correlations (Figure 7), and by comparison of NMR data to farinomalien, a compound
from the fungus Paecilomyces farinosus.5
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Figure 3. Correlation of training set tRs, n = 417.

Steptomyces compounds from the Antimarin database1 were imported to ACD/ChemSketch to
check for structural irregularities and remove duplicates; these chemicals were then imported to
ACD/MS Workbook Suite to generate StrepDB. A total of 5555 compounds (5098 from Streptomyces,
457 from additional sources) were cataloged with structures, exact masses, molecular formulae,
and predicted LC tR values.

Figure 6. Structures of the new compounds legonmaleimides A (1) and B (2) and the known
compounds legonindolizidines A (3) and B (4).
Additional evidence for the two structures was provided by MS fragmentation data and by
Computer Assisted Structure Elucidation (CASE) using ACD/Structure Elucidator Suite. 1D NMR (1H),
2D NMR (HSQC, COSY, ROESY, HMBC), and molecular formula data were entered into Structure
Elucidator, and then all possible structures were calculated, in order to detect and resolve
nonstandard correlations in COSY and HMBC data.6,7,8 Calculations for compound 1 produced 77
possible structures, while 92 possible structures were identified for compound 2. These were ranked
based on differences between experimental and calculated 13C data,9 with low chemical shift
deviations suggesting that the proposed structures are correct.

Figure 4. Calculated LC elution profile of dynactin, with a correlation of predicted and experimental
LC tR values for the 26 compounds in the prediction; a similarity coefficient of 0.87 was calculated.

Dereplication Using StrepDB
Figure 1. StrepDB contains predicted tR values for 5555 structures, including 5098 from Streptomyces.
To generate MbcDB, a library of 502 natural products from marine and terrestrial sources was
obtained from Enzo Life Sciences UK,2 while 163 additional compounds were imported from an inhouse collection. The database contains structures and high-resolution electrospray ionization MS
(HRESIMS), LC/MS/MS, 1H NMR, and UV spectra for several classes of natural products. For less than
10% of the catalog 13C and 2D NMR data (COSY, HSQC, and HMBC) are also available.

A crude sample of mutant S. albus was obtained from the University of Ghana, and was subjected
to LC/MS analysis after fractionation. Screening against StrepDB [using a tR window of 4.0 (±2.0)
min] identified 71 masses (200–500 Da) from the water-butanol fraction, of which only 4 matched
entries in StrepDB (Figure 5). Thus, the remaining 67 masses were targeted as potentially new
compounds. A UV profile filter was then applied to target only the compounds related to
legonindolizidines,4 reducing mass number to 11. Inspection of the data identified one compound
as legonindolizidine A, and a second as legonindolizine B (after using a tR window of 6.0 min). Of the
9 remaining masses, 2 were isolated, purified, and characterized as new legonmaleimides, while
the yields of the rest were too low for NMR structure elucidation.

Figure 7. COSY & HMBC correlations
of legonmaleimides A (1) & B (2).

Figure 8. Proposed biosynthetic path of legonmaleimides
A (1) & B (2).

Plausible Biogenetic Pathway

Compound 1 is likely to be derived from the intermediate legonindolizidine A4 (3) through
hydroxylation at C5, followed by ring rearrangement to generate reactive aldehyde 5, which is
then oxidized to the corresponding carboxylic acid 1. Compound 1 is then reduced to 2 (Figure 8).

Summary

We detail a new strategy to identify known compounds in Streptomyces extracts that can be
applied to natural product discovery. We use a high-throughput LC/MS data processing algorithm
to screen a database of 5555 natural products (StrepDB), filtering via HRMS data and predicted LC
tR values, for rapid identification of known compounds. A database containing HRESIMS, MS/MS,
UV, and NMR spectral data for 665 natural products (MbcDB) is then used for structure elucidation.
StrepDB was used to screen a mutant Streptomyces extract, which led to the identification of two
new compounds, legonmaleimides A and B. Their structures were elucidated using MbcDB and
spectroscopic techniques, and confirmed by CASE. The developed methodology suggests a
pipeline approach to the dereplication of extracts and discovery of novel natural products.
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Figure 2. MbcDB contains structural and spectral data for 665 compounds. Unknowns can be
screened by searching for similarities to cataloged UV, 1D and 2D NMR, MS, and MS/MS spectra.
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Figure 5. IntelliXtract output showing the presence of a compound in StrepDB. The TIC is overlaid with
the XIC to visualize tR values. An excellent match is found in adenine-9-beta-D-arabinofuranoside.
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