
Opuntisines, 14-membered cyclopeptide alkaloids
from fruits of Opuntia stricta var. dillenii isolated by
high-performance countercurrent chromatography.

Item Type Article

Authors Surup, Frank; Minh Thi Tran, Thu; Pfütze, Sebastian; Budde,
Jarmo; Moussa-Ayoub, Tamer E; Rohn, Sascha; Jerz, Gerold

Citation Food Chem. 2021 Jan 1;334:127552. doi: 10.1016/
j.foodchem.2020.127552. Epub 2020 Jul 13.

DOI 10.1016/j.foodchem.2020.127552

Publisher Elsevier

Journal Food chemistry

Rights Attribution-NonCommercial-NoDerivatives 4.0 International

Download date 26/05/2023 10:24:35

Item License http://creativecommons.org/licenses/by-nc-nd/4.0/

Link to Item http://hdl.handle.net/10033/622657

http://dx.doi.org/10.1016/j.foodchem.2020.127552
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/10033/622657


Opuntisines, 14-membered cyclopeptide alkaloids from fruits of Opuntia stricta 

var. dillenii isolated by high-performance countercurrent chromatography

Frank Surup  a,b  *, Thu Minh Thi Tran  c,f, Sebastian Pfütze, a,b   Jarmo Budde  c, Tamer E. Moussa-

Ayoub d, Sascha Rohn e, Gerold Jerz c, *

a Helmholtz Centre for Infection Research, Department Microbial Drugs, Inhoffenstrasse 7, 38124 

Braunschweig, Germany.   phone: +49-531-6181-4256

b German  Centre  for  Infection  Research  (DZIF),  partner  site  Hannover-Braunschweig,  38124 

Braunschweig, Germany.

c Institute of Food Chemistry, Technische Universität Braunschweig, Schleinitzstrasse 20, 

38106 Braunschweig, Germany.   phone: +49-531-391-7206, fax: - 7230

d Food Technology Department, Agriculture Faculty, Suez Canal University, 41522 Ismailia, Egypt.

e Institute of Food Chemistry, Hamburg School of Food Science, University of Hamburg, 20146 

Hamburg, Germany.

f  Food Technology and Biotechnology Department, Can Tho University of Technology, Can Tho, 

Vietnam.

* Corresponding authors:               

                          frank.surup@helmholtz-hzi.de

                          mailto:g.jerz@tu-braunschweig.de

1

mailto:g.jerz@tu-braunschweig.de
mailto:frank.surup@helmholtz-hzi.de


Abstract

Extracts  of  Opuntia  stricta  var. dillenii fruits  were  fractionated  by  semi-preparative  high-

performance  countercurrent  chromatography (HPCCC)  to  study  the  secondary  metabolite 

formation, whereby HPCCC showed a superior separation capacity to fractionate minor metabolites 

compared  to  HPLC.  A  family  of  new  peptides  was  detected  in  semi-polar  fractions  when 

monitoring  the  HPCCC  separation  by  off-line  injections  of  fractions  to  ESI-MS/MS.  Planar 

structures  of  the  major  compounds,  two 14-ring-membered  cyclopeptide  alkaloids,  which  were 

named opuntisines  A and B, were elucidated  by 1D- and 2D-NMR spectroscopy and HR-ESI-

MS/MS spectrometry, while a combination of chemical derivatisation and degradation revealed the 

stereo-configurations. Specifically, the methods of MARFEY and MOSHER indicated L-Glu, L-Ile, L-

Phe and 1S-configurations, respectively; ROESY correlations revealed 8S,9S. 

The novel opuntisine A showed moderate activity against the Gram-negative bacterium Escherichia 

coli,  but no further antibacterial,  antifungal nor cytotoxic effects. This bioactive natural product 

class is reported for the first time in the plant family Cactaceae.

Keywords: Opuntia stricta var.  dillenii,  Cactaceae,  structure elucidation,  secondary metabolites, 

cyclopeptide alkaloids, high-performance countercurrent chromatography, 1D/2D-NMR.
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1. Introduction

Cactaceae plants from the genus Opuntia spp., distributed over arid sub-tropical zones from North 

America  (USA,  Mexico)  to  Central  and  South  America,  are  widely  used  for  commercial  fruit 

cultivation. Worldwide naturalization of Opuntia is due to suitable vegetation conditions occurring 

in  the  Mediterranean  region,  South  Africa,  China,  and  Australia  (Fernández-López,  Giménez, 

Angosto & Moreno, 2012).  In times of global  climatic  changes,  edible  cacti  fruits  such as e.g. 

Stenocereus quereteroensis (span. pitayo),  Hylocereus undatus (pitahaya or dragon fruit),  Cereus 

repandus (pitaya or apple cactus), and cactus prickly pear (Opuntia ficus-indica) have a growing 

commercial  value  in  agricultural  areas  strongly  impacted  by  low,  and  annually  non-reliable 

precipitation.

Fruits from the variety Opuntia ficus-indica are known for their antioxidant properties and potential 

positive  health  benefits  such  as  the  protection  of  red  blood  cells  against  induced  oxidative 

hemolysis by influence of betalain pigments (Tesoriere, Butera, Allegra, Fazzari & Livrea, 2005; 

Jiménez-Aguilar, Mújica Paz, Welti-Chanes, 2014). Phytochemical investigations on the variety O. 

stricta var. dillenii have been intensified over the last years (Böhm, 2008; Moussa-Ayoub, Jaeger, 

Youssef, Knorr, El-Samahy, Kroh & Rohn, 2016). In a previous study on O. stricta var. dillenii, 

preparative  high  performance  countercurrent  chromatography  (HPCCC)  was  evaluated  for 

fractionation of chemotaxonomical relevant polar metabolites (betacyanin-, betaxanthin pigments, 

and flavonoid glycosides), and structurally characterized by  off-line ESI-MS/MS profiling (Tran, 

Thanh, Moussa-Ayoub, Rohn, & Jerz, 2019). 

In the current study on O. stricta fruits all-liquid phase HPCCC was used as a powerful separation 

tool for the fractionation from a fortified and more lipophilic fruit extract to omit irreversible loss of 

target  compounds as chemisorptive  effects  during the separation  process were not present.  The 

versatile character of CCC techniques, and their practical potentials in the field of natural product 

recovery have been thoroughly documented (Ito, 2005; Pauli, Friesen, McAlpine, Chen & Pauli, 

2015). The mechanisms of separation are based on fast partitioning effects of metabolites between 
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immiscible  solvent  layers  using fast  rotating  centrifuges.  Unique advantage  of  CCC is  the full 

recovery option of all metabolites being injected and included in a crude extract. Residual and non-

eluting compounds are simply extruded from the CCC system by the so-called two-column volume 

elution-extrusion  approach  (Berthod,  Ruiz-Angel  &  Carda-Broch  2007).  In  the  past,  this 

hyphenation approach of combining preparative all-liquid chromatography technique with sensitive 

mass-spectrometry led to the identification and isolation of several bioactive natural products (e.g. 

Jerz  et  al.,  2014;  Althaus,  Jerz,  Winterhalter,  Kaiser,  Brun & Schmidt,  2014;  Grecco,  Letsyo, 

Tempone, Lago & Jerz, 2019). 

In this phytochemical profiling study, the new cyclopeptide alkaloids 1 and 2 were isolated from a 

semi-polar fruit extract of Opuntia stricta var. dillenii. 

2. Material and methods

2.1 Reagents    

Extraction, Sephadex LH 20, liquid-liquid extraction, and HPCCC solvents

The extraction was done by tert.-butyl methyl ether, n-butanol, acetonitrile (HPLC quality, Sigma-

Aldrich Chemie GmbH, Deisenhofen, Germany). The Sephadex LH20 extract clean-up (Pharmacia, 

Uppsala, Sweden) was done with methanol (p.a., Fisher Chemicals, Pittsburgh, PA, USA), and the 

liquid-liquid  partitioning  step  was  done  by  dichloromethane  (p.a.,  Fisher  Chemicals).  The 

preparative HPCCC separation was carried out by a biphasic solvent system consisting of ultra-

clean  laboratory  water  (NANOpure  Diamond  Analytical,  pore  size  0.2  μm,  Wilhelm  Werner 

GmbH, Leverkusen, Germany), 2-propanol (i-Prop, p.a. quality, Fisher Chemicals, Pittsburg, PA, 

USA),  and  ethylacetate  (EtOAc)  was  used  in  HPLC  grade  (Sigma-Aldrich  Chemie  GmbH, 

Deisenhofen, Germany). 

Off-line ESI-MS profiling and LC-ESI-MS/MS (high and low resolution)
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The  make-up solvent mixture used for the ESI-MS/MS  off-line injection profiling experiment of 

HPCCC fractions  and solvents  for  LC-ESI-MS/MS analysis  contained mass-spectrometry  grade 

acetonitrile (LC-MS quality, Honeywell Speciality Chemicals Seelze GmbH, Seelze, Germany) and 

formic acid (Sigma-Aldrich, Deisenhofen, Germany).

NMR-solvents

Methanol-d4, dimethylsulfoxide-d6, and pyridine-d5 of 99.96% D-grade were supplied by Deutero 

GmbH (Kastellaun, Germany).

Derivatization reagents

Nα-(2,4-Dinitro-5-fluorophenyl)-L-alanin-amide (FDAA), (R)-(+) and (S)-(–)-α-Methoxy-α-

trifluoromethylphenylacetic acid were  supplied by Sigma-Aldrich (Deisenhofen, Germany). Amino 

acid standards were obtained from Sigma-Aldrich (Deisenhofen, Germany).

2.2 Extraction and recovery of the cyclopeptide alkaloids target fraction 

Red-purple cactus fruits of  O. stricta  var.  dillenii  fruits were harvested in December (2013) from 

the experimental fields of the agricultural faculty of Suez Canal University (Ismalia, Egypt), and 

classified by botanists from different countries (Egypt, Spain, and USA). Field management was 

limited to irrigation of cacti by use of regular water. Fertilizers, pesticides, or even phytohormones 

were  not  applied  to  keep  the  metabolite  profiles  without  external  influence.  Ripe  and  fully 

pigmented  fruits  were  harvested,  and immediately  shipped  to  the  Institute  of  Food  Chemistry 

(Technische Universität Braunschweig, Germany), and finally stored at -20 °C until phytochemical 

analysis. 

For recovery of semi-polar metabolites, a specific extraction protocol for minor concentrated semi-

polar compounds was applied. Three kilograms of frozen fruits were crushed in a juice blender, and 

incubated with the organic upper solvent layer of the two-phase solvent system tert.-butyl methyl 

ether – acetonitrile – n-butanol – water (2 : 2 : 1 : 5, v/v/v/v). Rota-evaporation and lyophilisation 

yielded 7 g of crude extract with reduced contents of polysaccharides, polyphenols, and betalain 
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pigments. The extract was fractionated over Sephadex LH20 (Pharmacia, Uppsala, Sweden) in an 

open gravity column (Pharmacia, length 1.50 m, i.d. 7 cm) eluting with MeOH and fractionated by 

a fraction collector  SuperFrac (type B racks, Pharmacia, Uppsala, Sweden). The identified target 

fractions (tube 63 – 90, elution volume 1750 – 2100 mL) containing the cyclopeptide alkaloids were 

monitored by an  off-line ESI-MS/MS injection profile tracing for the respective single ion traces 

m/z 620, 604, 602, and 648 (method cf. 2.6.). Combined target fractions were evaporated, dissolved 

in MeOH: water (1 : 1, v/v), and liquid-liquid extracted (five times) with dichloromethane. The 

dichloromethane layers were combined, dried and yielded 45 mg of target fraction for the semi-

preparative HPCCC fractionation.   

2.3. High speed countercurrent chromatography apparatus (HPCCC) and peripheral devices

Semi-preparative HPCCC parameters

The HPCCC separation of the fortified cyclopeptide fraction was carried out on a multilayer coil 

planet  J-type HPCCC centrifuge (model: Spectrum,  Dynamic Extractions, Gwent, UK) with two 

self-balanced coil bobbins (machine parameters cf. Thi Tran, Nguyen Thanh, Moussa-Ayoub, Rohn 

& Jerz; 2019) For the HPCCC experiments, two semi-preparative coils added up to 125 mL total 

coil-column volume (VC). Periphery and connecting tubing resulted in  an external volume (Vext) of 

7 mL. The separations were performed at 1,600 rpm (g-force level 243), the machine maximum 

velocity, applying the elution-extrusion approach (Berthod et al., 2003) in the so-called head-to-tail 

mode (head of system located at the periphery of the coils). The flow rate was 5.0 mL/min at all 

separation  stages.  The  extrusion process  was  initiated  by  pumping  of  stationary  phase,  and  at 

reduced velocity  of 400 rpm. The temperature in the HPCCC system was kept constant (30 °C) 

using a liquid cooling thermostat (RC6, Lauda Dr. Wobser GmbH & Co. KG, Lauda-Königshofen, 

Germany). Upper and lower layers of the solvent system were pumped with a preparative LC pump 

(solvent delivery system, K-501, Knauer Wissenschaftliche Geräte GmbH, Berlin, Germany). The 

fraction collector SuperFrac (type B racks) collected 1 min per fraction during the  elution- and 
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extrusion mode.  Aliquots from the collected fractions were filled in sequence to HPLC vials for 

performing the off-line metabolite elution profile by sequential ESI-MS/MS injections (cf. 2.6.).

2.4. HPCCC separation of the cyclopeptide alkaloid enriched fraction 

Suitable liquid-liquid phase CCC-separation systems for the separation of the so far unknown target 

metabolites from O. stricta  var. dillenii were tested, and resulted in the biphasic aqueous solvent 

system EtOAc/ i-Prop / H2O (25 : 1 : 25, v/v/v). The applied CCC-solvent system is considerably 

more lipophil compared to the system being used for the separation of Opuntia betalain pigments 

and polyphenols (Tran et al, 2019). For evaluation of metabolite distribution characteristics in the 

upper and lower phase layers, aliquots were analysed by LC-ESI-MS and quantified by selected 

single ion traces (cf. 2.5, Suppl. Material Fig. S1, pp. 10 - 12). 

The three solvents were equilibrated in a separatory funnel to form the biphasic CCC-system shortly 

before the HPCCC experiment and the upper organic phase was used as the stationary phase, while 

the lower aqueous phase layer was the mobile phase. Therefore, the separation mode was classified 

as  reversed  phase mode  or  ‘head-to-tail’ set-up  (Ito,  1996).  The  use  of  the  elution-extrusion 

approach was performed as suggested by Berthod et al. (2007). It was possible to recover purified 

compounds directly for spectroscopic analysis.

For the semi-preparative separation the dried target fraction (45 mg) from the clean-up steps was 

dissolved in 2.5 ml of each solvent phase layer,  filtered through a paper filter  (Whatman®,  GE 

Healthcare,  Life Sciences, Maidstone, UK), and passed through a syringe disk filter  (glas fiber, 

Chromafil®,  Xtra GF-100/25, 1.0 μm, Macherey & Nagel GmbH & Co. KG, Düren, Germany) 

before injection. The sample was loaded with a medical standard plastic syringe of 5.0 mL to a 

sample loop made of polyfluorethylene tubing, and was then directly injected into the separation 

column through a manual  low-pressure injection  valve  (Rheodyne LP,  Cotati,  CA, USA). The 

injection of the sample was done after equilibration of the HPCCC-column with mobile phase at 
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full speed 1,600 rpm. The selected solvent system displayed a stationary phase retention SF of 69.9 

% (without volume correction for periphery tubing).

2.5. Prediction of KD values in the biphasic HPCCC solvent system phase layers by LC-ESI-MS

The suitability of a CCC solvent system for a natural product extract is evaluated by distribution of 

metabolites  in  the respective  two phase layers   routinely  measured  by LC-ESI-MS analysis  of 

aliquot volumes of the phase layers. Integration of the respective selected target molecules delivers 

area counts, which are used for  KD-value calculations. In general,  KD-values of target metabolites 

should range in-between 0.5 to 2.5. The calculation of the predicted partition ratio values KD values 

of the target molecules 1 and 2 based on a head-to-tail HPCCC separation (Ito, 1996) is presented 

in Suppl. Fig. S1.

2.6. Off-line ESI-MS/MS injection analysis for HPCCC molecular weight profiling

2.6.1. General procedures

For target-guided detection of cyclopeptide alkaloids, fractions from the semi-preparative HPCCC 

experimentwere  off-line injected  to  an  ESI-MS/MS-IT  mass-spectrometer  (HCT-Ultra  ETD  II, 

Bruker  Daltonics,  Bremen,  Germany) using  aliquot  volumes  from fractions  of  the  elution-  and 

extrusion-mode. This approach projected the semi-preparative HPCCC run as a mass-spectrometric 

profile by single ion traces of the selected molecular weights (positive ionization mode), and guided 

the accurate fractionation process of the cyclopeptide alkaloids. For the auto-MS/MS experiment, 

the five most intense ion signals were continuously selected for MS/MS analysis. An independent 

autosampler system (AS-2000A, Merck-Hitachi, Tokyo, Japan), and an HPLC-pump (binary pump, 

1100 Series, Agilent, Waldbronn, Germany) delivered the fractions to the mass-spectrometer ). The 

polarity of the  make-up solvent (flow: 0.5 mL/ min, ACN/ H2O (7:3, v/v) was adjusted to limit 

discrimination  effects  of  metabolites  during  transport  to  the  MS-detector.  Small  band  widths 
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indicated optimized conditions. Interval time setting between re-occurring injections was set to 2 

min, whereby every generated injection ESI-MS injection signal corresponded to one fraction from 

the HPCCC experiment. The selected ESI-MS ion traces (Fig. 1) displayed the preparative mass 

spectrometry profile of detectable metabolites in the respective HPCCC fractions. 

2.6.2. Off-line ESI-MS/MS and LC-ESI-MS parameter settings

The more sensitive positive ionization mode was used in the off-line MS-profiling experiment for 

the detection of cyclopeptide alkaloids with formation of solely [M+H]+ quasimolecular ion species. 

Scan-range was set from m/z 100 to 2,000, and rapid ‘Ultra’-mode (scan rate 26,000 m/z per sec.) 

was chosen. Drying gas nitrogen (flow rate 10.0 L/min, 320 ◦C), and nebulizer pressure was set to 

60 psi. Ionization voltage HV capillary – 3,500 V, HV end plate off set −500 V, trap drive 55.7, 

octopole RF amplitude 187.1 Vpp, lens 2 - 60.0 V, Cap Ex +115.0 V, max. accumulation time 200 

ms, averages 3 spectra, trap drive level 100%, target mass range: m/z 500, compound stability 80%, 

Smart ICC target 100,000, the functions ICC charge control, and the smart parameter setting were 

active. To monitor co-elution of metabolites, five precursor ions were selected for ESI-MS/MS with 

fragmentation amplitude of 1.0 V.

2.6.3. Semi-preparative HPCCC off-line ESI-MS/MS profile

For sample preparation, 1 mL of the each respective HPCCC fraction (elution- and extrusion mode) 

was taken, transferred to HPLC vials and injected to the ESI-MS in sequence of recovery. The 

chromatographic area for the ESI-MS-profile was fraction tube 11 – tube 66 (retention volume VR: 

55 mL - 330 mL) with injecting every consecutive tube fraction with (10 µL) (cf. Fig. 2). From the 

values  of  determined  retention  volumes VR,  the  KD-based  chromatography  HPCCC  scale  was 

calculated, and used for the recovery profile (cf. Fig. 1, Supplement Table S1).

Please insert  Figure 1 here
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2.6.4. Calculation of parameters from the HPCCC experiment

The metabolite elution times were converted over elution/retention volumes VR into their respective 

partition ratio values KD . The VR values for the elution of cyclopeptides were determined with high 

accuracy by the off-line ESI-MS injection experiment. The calculation of elution/retention volumes 

VR, stationary phase retention SF, partition ratio values KD is described in Supplement Table S1). 

2.7. NMR Spectroscopy

NMR spectra were recorded on a Bruker Avance III 500 MHz spectrometer with a BBFO(plus) 

SmartProbe (1H 500 MHz, 13C 125 MHz), and a Bruker Avance III 700 MHz spectrometer with a 5 

mm TCI cryoprobe (1H 700 MHz,  13C 175 MHz,  15N 71 MHz)  (Bruker  Biospin,  Rheinstetten, 

Germany). Chemical shifts  were referenced to the solvents methanol-d4 (1H,  = 3.31 ppm; 13C,  

= 49.15 ppm), DMSO-d6 (1H,  = 2.50 ppm; 13C,  = 39.51 ppm) and pyridine-d5 (1H,  = 7.22 ppm; 

13C,  = 123.87 ppm. 

2.8. Low resolution electrospray mass-spectrometry

For low resolution ESI-MS screening analysis, a HPLC system from Agilent Technologies (pump 

1100 series,  autosampler  1200 series,  Waldbronn, Germany) was coupled to an ESI-MS/MS-IT 

mass-spectrometer (HCT-Ultra ETD II, Bruker Daltonics, Bremen, Germany). 

LC-conditions: C18-HPLC column ProntoSil C18Aq column (5 μm, 250 x 2.0 mm, Knauer, Berlin, 

Germany) with a flow rate of 0.25 mL/min was used. Solvent A: nanopure water/ formic acid 98 : 2 

(v/v), solvent B: acetonitrile/ formic acid 98 : 2 (v/v). Gradient conditions: 0 min (1 % B), 20 min 

(20 % B), 35 min (50 % B), 45 min (100 % B), 55 min (100 % B), 60 min (1 % B), 65 min (1 % B). 

ESI-MS-MS parameter settings: drying gas was nitrogen (flow 11.0 L/min, 350 °C), and nebulizer 

pressure was set to 60 psi. ESI-MS/MS ionization parameters (pos. mode): capillary 3500 V, end 

plate off set -500 V, capillary exit -121 V, target mass range m/z 500, compound stability 100%, 
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trap drive level 100%, ICC target 70,000, max. accumulation time 200 ms, ICC charge control on, 

scan range m/z 100-2,000, threshold auto MS/MS 10,000, MS/MS at fragmentation amplitude 1.0 

V.

2.9. High resolution electrospray mass-spectrometry (HR-ESI-MS/MS)

HR-ESI-MS  mass  spectra  were  measured  with  an  Agilent  1200  series  HPLC-UV  system  in 

combination with an ESI-TOF-MS (Maxis, Bruker Daltonics, Bremen, Germany) [column 2.1 x 50 

mm, 1.7 µm, C18 Acquity UPLC BEH (Waters Corp., Milford, MA, USA), solvent A: H2O + 0.1% 

formic acid, solvent B: ACN + 0.1% formic acid, gradient: 5 % B for 0.5 min increasing to 100% B 

in 19.5 min, maintaining 100% B for another 5 min, flow rate: 0.6 mL/ min, UV detection λ 200 – 

600 nm].

2.10. Spectroscopic data of opuntisines

Opuntisine A (1) (equivalent to 620-b in the ESI-MS profile, cf. Fig. 1, structures Fig. 2): (Mr  619)

7 mg, colorless oil, HPCCC F39-F48 (VR 195-240 mL, KD range: 1.75 – 2.21), LC-ESI-MS (altern.

+/-) from HPCCC fraction F42 (Rt 33.3 min), [M-H]-  :  m/z 618.3, MS/MS 600.2 (100), 582.2 (4), 

420.0 (8), 394.0 (32), 392.0 (20), [M-H+Cl]-  :  m/z 654/656; [M-H+HCOOH]- :  m/z 664. [M+H]+: 

m/z 620.3, MS/MS:  m/z 602.3 (100), 584.2 (9), 489.1 (8), 449.0 (5), 359.9 (5), 341.9 (58), 260.9 

(11), 232.9 (13), off-line ESI (+) from HPCCC [M+H]+: m/z 620, MS/MS: m/z 602.3, 489.1, 359.9, 

341.9,  282.8,  260.9,  232.9,  206.9;  HRESIMS:  m/z 620.3090  [M+H]+ (calcd.  for  C33H42N5O7 

620.3079), 642.2910 [M+Na]+ (calcd for C33H41N5O7Na  642.2898); NMR data (700 MHz, MeOH-

d4) see Table 1, and spectral data Suppl. Figs. S2 (pp. 13-19). 

Opuntisine B (2) (structure Fig. 2):   (Mr 603)
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4 mg, colorless oil, HPCCC F64-F66 (VR 320-330 mL, KD range: 14 – 42), LC-ESI-MS (altern. +/-) 

from HPCCC fraction F65 (Rt 36.5 min), [M-H]-  : m/z 602.3, MS/MS 584.3 (73), 519.2 (4), 491.2 

(8), 474.1 (32), 422.0 (20), 396.0 (50), 394.0 (100), 378.0 (10), 260.0 (7), 265.8 (44), 222.8 (5), [M-

H+Cl]-  :  m/z 638/640; [M-H+HCOOH]- :  m/z 648. [M+H]+:  m/z 604.3, MS/MS:  m/z 586.3 (49), 

491.1 (22), 343.9 (100), 326.9 (19), 308.9 (4), 206.9 (11); off-line ESI-MS (+) from HPCCC [M+H]

+:  m/z 604.3, MS/MS: m/z 586.3, 491.1, 422.1, 343.9, 326.9, 308.9, 206.9, 178.8.  HRESIMS: m/z 

604.3135 [M+H]+ (calcd for C33H42N5O6   604.3130), 626.2949 [M+Na]+ (calcd. for C33H41N5O6Na 

626.2943); NMR data (700 MHz, DMSO-d6) see Table 1, and spectral data Suppl. Figs. S3 (pp. 20-

26).  

Figure 2. Structures of the two novel cyclopeptide alkaloids opuntisine A (1) and B (2).    

Table 1. NMR data (1H 700 MHz, 13C 175 MHz) of opuntisines: 1 (in MeOH-d4) and 2 (in DMSO-

d6). Chemical shifts  given in [ppm] and coupling constants J in [Hz], n.o. signal not observed. 

    1  2

Atom C Shift H Shift C Shift H Shift 

1 73.0, CH 4.84, m 34.4, CH2 2.65, m 

2.41, m

2 46.7, CH2 3.78, m n.o., CH2 3.44, m 
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3.06, m 2.97, m

3 NH NH 7.85, dd (8.8, 3.0)

4 172.9, C  169.7, C 

5 56.0, CH 4.68, m  54.0, CH 4.56, br d (7.5) 

6 NH NH 7.65, d (8.8)

7 172.7, C  170.1, C

8 67.7, CH 4.20, d (5.0) 65.4, CH 4.02, m 

9 79.1, CH 5.31, m 78.0, CH 5.22, td (7.9, 4.5)

11 158.1, C 155.3, C  

12 / 16 115.3, CH* 6.71, br d (8.6) 114.6, CH 6.61, d (8.6)

13 / 15 128.8, CH 7.17, m 130.2, CH 6.94, d (8.6)

14 135.9, C 131.7, C  

17 33.7, CH2 2.51, dt (12.1, 6.3) 32.1, CH2 2.47, m

2.27, m 2.13, m

18 46.7, CH2 3.58, m 45.0, CH2 4.00, m

4.03, br t (9.3) 3.39, m

20 173.4, C 169.5, C   

21 61.0, CH 4.32, d (8.4) 58.7, CH 4.08, m

22 39.4, CH 1.55, m 36.8, CH 1.50, m 

23 25.5, CH2 1.04, m 23.7, CH2 0.98, m

1.42, m 

24 11.4, CH3 0.78, t (7.4) 10.2, CH3 0.64, m 

25 15.7, CH3 0.52, d (6.9) 14.9, CH3 0.40, d (6.9)

26 NH NH 8.23, d (10.1)  

27 172.4, C 170.4, C  
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28 55.8, CH 4.65, br s 53.2, CH 4.51, m 

29 25.8, CH2 2.45, m 24.1, CH2 2.26, br d (12.3, 9.3)

2.00, m 1.72, ddd (12.3, 8.8, 

4.4)

30 30.4, CH2 2.29, m 28.8, CH2 2.08, dd (9.6,4.4)

2.01, m

31 181.6, C 177.2, C  

32 NH NH 7.78, s

33 39.6, CH2 2.88, m 38.5, CH2 2.80, m 

2.81, m 2.67, m 

34 138.2, C   137.3, C  

35 / 39 130.5, CH 7.17, m 129.1, CH 7.11, d (7.1)

36 / 38 129.6, CH 7.24, m 128.1, CH 7.24, t (7.4)

37 128.0, CH 7.18, m 126.3, CH 7.17, t (7.5) 

* broad signal, 13C chemical shift extracted from HSQC data.

2.11. MOSHER Derivatization with MTPA

For the preparation of the (S)-MTPA ester derivative of 1, a portion of compound 1 (0.5 mg) was 

dissolved in pyridine-d5 (0.6 mL) and was transferred into a NMR tube and (R)-(-)-α-methoxy-α-

(trifluoromethyl)phenylacetyl chloride (10 μL) was added. The reaction was monitored by 1H NMR 

followed by the measurement of COSY, TOCSY, HSQC and HMBC NMR spectra. 1H NMR (700 

MHz, pyridine-d5): similar to 1, but H 9.42 (6-NH), 8.81 (3-NH), 6.58 (1-H), 5.73 (9-H), 5.41 (5-

H), 5.21 (8-H), 4.92 (21-H), 4.50 (18-Ha), 4.05 (2-H2), 3.91 (18-Hb), 3.56 (33-Ha), 3.34 (33-Hb), 

2.62 (17-Ha), 2.24 (17-Hb), 2.01 (22-H), 1.70 (23-Ha), 1.15 (23-Hb), 0.78 (24-H3), 0.53 (25-H3). The 

(R)-MTPA ester was prepared in the same manner by the addition of 10 µL of (S)-MTPA chloride: 

1H NMR (700 MHz, pyridine-d5): similar to 1, but H 9.41 (6-NH), 8.84 (3-NH), 6.54 (1-H), 5.69 
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(9-H), 5.45 (5-H), 5.21 (8-H), 4.90 (21-H), 4.50 (18-Ha), 4.16 (2-Ha), 4.08 (2-Hb), 3.92 (18-Hb), 3.61 

(33-Ha), 3.37 (33-Hb), 2.62 (17-Ha), 2.23 (17-Hb), 2.01 (22-H), 1.69 (23-Ha), 1.16 (23-Hb), 0.77 (24-

H3), 0.54 (25-H3).

(cf. spectral data Suppl. Figs. S4, pp. 27-29).

 

2.12. MARFEY-Derivatization and HPLC Analysis

Opuntisine A (0.3 mg,  1) was hydrolyzed in 6 N HCl at 90 °C for 17 h. The hydrolysate was 

evaporated to dryness and dissolved in water (100 μL). 1 N NaHCO3 (20 μL) and 1%  Nα-(2,4-

dinitro-5-fluorophenyl)-L-alanine amide (FDAA) (100 μL in acetone) were added, and the mixture 

was heated at 40 °C for 40 min. After cooling to room temperature, the solutions were neutralized 

with  2 N HCl (20 μL)  and evaporated  to  dryness.  The residues  were dissolved in  MeOH and 

analyzed  by LC−ESI-MS. Retention  times  of  FDAA-derivatized  amino acid  in  the  degradation 

crude material were L-Glu with a retention time (Rt) 4.67 min, L-Ile with Rt 7.32 min, L-Phe with Rt 

7.43 min. Retention times of the FDAA-derivatized authentic standards were L-Glu at Rt 4.70 min, 

and D-Glu 5.11 min, m/z 398.1 [M − H]−, L-Ile at Rt 7.32 min, D-Ile 8.31 min, L-allo-Ile at Rt 7.34 

min, and D-allo-Ile 8.33 min, m/z 382.1 [M − H]−; L-Phe at Rt 7.42 min, D-Phe 8.23 min, m/z 416.1 

[M − H]−. An experiment with 2 (0.3 mg) yielded identical results. (Results cf. Suppl. Fig. S5, pp. 

30-32).

2.13. Bioassays for anti-microbial and cyctoxic activity 

Bioassays  were performed  as  previously  described by Surup et  al.  (2018)  and Sandargo et  al. 

(2019).

3. Results and Discussion
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3.1. Isolation strategy for cyclopeptide alkaloids from Opuntia stricta var. dillenii

In this phytochemical study on fruits of  Opuntia stricta var. dillenii with focus on unknown and 

non-pigment  related  semi-polar  metabolites,  all-liquid  high  performance  countercurrent 

chromatography (HPCCC) was used as separation methodology implementing all-liquid separation 

mechanism. The generated ESI-MS profile from the HPCCC separation projected the preparative 

separation by use of selected ion traces, and guided the fractionation process for recovery of pure 

fractions for 1D/2D-NMR-analysis. 

3.1.1 HPCCC separation, off-line ESI-MS/MS detection 

Even-numbered molecular ion signals detected at larger retention times by C18-LC-ESI-MS with 

ion-traces at m/z 602, 604, 620, 648, 656 and indicated nitrogen-containing structures in the crude 

extract of the  O. stricta  var.  dillenii  fruits. As the ion signal intensities of the partly co-eluting 

metabolites  were  low abundant,  enrichment  steps  of  size  exclusion  chromatography  (Sephadex 

LH20),  and  liquid-liquid  re-extraction  with  semi-lipophilic  solvents  were  implemented  prior  to 

semi-preparative  HPCCC  recovery  for  removing  the  bulk  of  polar  betalain  pigments  and 

mono-/oligo-saccharides.  The  generated  off-line ESI-MS  profile  from  the  preparative  HPCCC 

separation guided the fractionation process and resulted in pure fractions of  1 and  2 for NMR-

analysis. 

The superior separation efficiency of preparative HPCCC for cyclopeptide alkaloids (Fig. 1, Figs. 

3a, 3b) is seen by the off-line ESI-MS injection profile, whereby four chromatographic sections with 

cyclopeptide isobars ([M+H]+ at m/z 620) were fractionated by high efficiency (cf. Fig. 1). In case 

of  LC-ESI-MS analysis (cf. Suppl. Fig. S1), the results of the phase layer distribution experiments 

on the crude extract displayed for the target ion trace at m/z 620 displayed a not clearly separated 

peak, and the existing isobars (620-a to 620-f) were not resolved by C18-column chromatography. 
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The results  on some recovered  HPCCC fractions  (F33, F36,  F42,  F48, F54, F56 and F62) are 

displayed in Fig. 3a and 3b showing that the C18-LC-elution times of the separated isobars are 

slightly  different  (Rt 33-35 min).  In  this  specific  case,  HPCCC had demonstrated  an  excellent 

separation capacity to fractionate metabolite isobars (diastereomers) of [M+H]+ m/z 620 (detailed 

discussion of HPCCC results cf. Supplement Material (pp. 4 - 6).

3.1.3. Opuntisine A isomers (isobars) and unknown cyclopetide alkaloid metabolites 

The off-line 2D-chromatographic combination (HPCCC x LC-ESI-MS/MS) revealed the existence 

of in at least five additional minor concentrated isobars of opuntisine A (1) with [M+H]+ at m/z 620 

(cf.  Fig.  3a)  with strongly  differing elution  volumes,  and fragmentation  patterns  (Fig.  3b).  For 

confirmation  of  the  molecular  weights  of  all  detected  cyclopeptide  isobars  and  unknown 

metabolites LC-ESI-MS in the negative ionization mode was done on specific HPCCC fractions 

(for detailed discussion of separated and detected opuntisine isobars 620-a – 620-f with [M+H]+ at 

m/z 620 (cf. Suppl. Material pp.7 - 8).

Please insert Figures 3a and 3b 

The  off-line ESI-MS/MS  profile  displayed  the  fractionation  of  various  potential  cyclopeptide 

alkaloid metabolites by their selected ion traces (m/z 602, 604, 620, 648, and 656) (Fig. 1) already 

known  from  the  C18-LC-ESI-MS  analysis  of  the  crude  extract.  Unfortunately,  the  recovered 

amounts  and  purities  were  not  suitable  to  conduct  NMR  analysis.  The  discussion  of 

chromatographic  results,  and  respective  mass-spectrometry  data  is  provided  in  the  section 

Supplementary Material (pp. 3 - 10). 

3.2. Structural identification of cyclopeptide alkaloids and CCC-elution profiles 

3.2.1. Structure elucidation of cyclopeptide alkaloids 1 and 2
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Opuntisine A (1) was obtained as a colorless oil. Its [M+H]+ and [H+Na]+ peaks in the HRESIMS 

spectrum at m/z 620.3090, and 642.2910, respectively, indicated a molecular formula of C33H41N5O7 

and thus 16 degrees of unsaturation.  1H, and  1H,13C HSQC spectra revealed the presence of two 

methyl,  seven methylene and seven aliphatic,  as well as five methine (four with dual intensity) 

signals. The 13C NMR spectrum furthermore showed signals of five carboxylic carbons and three 

additional carbons devoid of bound protons.  1H,1H COSY and TOCSY correlations connected the 

spin systems 1–H/2–H, 5–H/33–H2, 8–H/9–H/17–H2/18–H2, 21–H/22–H(/25–H3)/22–H/23–H2/24–

H3,  28–H/29–H2/30–H2 and  35/39–H/36/38–H/37–H.  1H,13C HMBC correlations  (see  Figure  4, 

Table  1,  cf.  Suppl.  Fig  S2,  S3),  establishing  a  5(14)-cyclopeptide  alkaloid  type  backbone. 

Opuntisine  A  (1)  contains  seven  chiral  centers,  whose  stereochemistry  had  to  be  determined 

thoroughly, since cyclopeptide alkaloids, principally those of the 14-membered ring type, contain 

amino acids in both the L and the D forms (Morel, Maldaner, Ilha, 2009). Therefore, we utilized a 

combination of 1D/2D-NMR spectroscopy, degradation and derivatization experiments. Utilizing 

MARFEY’s method, the identity of L–Gln, L–Ile and L–Phe was established by derivatization with Nα-

(2,4-Dinitro-5-fluorophenyl)-L-alanine  amide (FDAA)  after  hydrolysation  and  retention  time 

comparison to authentic standards (Marfey & Ottensen, 1984). Derivatization with Mosher’s acid 

(MTPA,  -methoxy- -(trifluoromethyl)-phenylacetic  acid)  revealed  a  S-configuration  for  C–1 

(Hoye et al, 2007), since the derivatization yielded in negative  SR values for 2–Ha (-0.11 ppm), 

2–Hb (-0.03 ppm), 3–NH (-0.03 ppm), 5–H (-0.04 ppm), 33–Ha (-0.05 ppm) and 33–Hb (-0.11 ppm), 

but positive values for 9–H (+0.04 ppm) and 21–H (+0.02 ppm). ROESY correlations between 8–

H/17–Hb and  9–H/18–Hb,  respectively,  indicated  an  anti-configuration  between  2–H,  and 3–H. 

Finally, an S-configuration was assigned for C–8, since 13C chemical shifts of C-8, C-9, C-17 and 

C-18 are nearly identical with those of mauritin A (Han et al., 2011), whose absolute configuration 

of  its  proline moiety  had been determined by molecular  modelling  and X-ray analysis  (Auvin, 

Lezenven, Blond, Augeven-Blour, Pousset, & Bodo, 1996).   
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Figure 4. COSY (bold lines) and HMBC (arrows) correlations indicating the planar structure of 1.

The HRESIMS spectrum of opuntisine B (2) revealed a molecular formula of C33H42N5O6, based on 

the  [M+H]+,  and  [H+Na]+ peaks  at  m/z 604.3135  and  626.2943  in  the  HRESIMS  spectrum, 

respectively. Thus, a formal loss of an oxygen atom was deduced compared to 1. The 1H,13C (see 

Table 1) and 1H,13C HSQC NMR spectra of 2 were highly similar to those of 1 (cf. Suppl. Figs. S2 

and  S3),  with  the  key  difference  of  the  replacement  of  an  oxymethine  by  a  methylene  group 

elucidating a tyramine subunit.  This methylene was identified as CH2–1 by HMBC correlations 

from 1–H2 to  C–2/C–13/C–14. The 5S,8S,9S,21S,22S,28S absolute  configurations  were deduced 

analogously to 1 by Marfey analysis (Marfey & Ottensen, 1984). 

Cyclopeptide alkaloids are constituted of 13-, 14-, or 15-membered macrocyclic rings. As a general 

feature,  the  systems  contain  one  ß-hydroxy--amino  acid,  of  which  the  oxygen-atom  is 

incorporated  to  the  ring  system.  Relevant  amino  acids  may  be  ß-hydroxy-proline,  ß-hydroxy-

leucine,  or  ß-hydroxy-phenylalanine.  Another  moiety  may  be  a  hydroxyl-phenethylamine,  its 

oxidation product, or, most commonly, its dehydration product. 

In the case of the cyclopetide alkaloids opuntisine 1 and 2 produced by O. stricta var. dillenii, the 

compounds formally have an amphibine C-type macrocyclus, with hydroxyproline, phenylalanine 

and isoleucine and a pyroglutamic building block in common. According to the nomenclature of 

Tschesche et al. (1975), the isolated metabolites are Ia3-type cyclopeptide alkaloids. However, the 
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characteristic styrylamine building block of this type is replaced by a p-hydroxy-phenylethylamine 

moiety.  This building block is  rather  uncommon,  but part  of the known cyclopeptide alkaloids 

discarine  G,  H,  K,  and L isolated  from root  bark of  Discaria  febrifuga (Rhamnaceae)  (Morel, 

Herzog, Biermann & Voelter, 1984; Voelter, Morel, Rahman & Qureshi, 1987; Morel, Machado & 

Wessjohann, 1995), Pandamine from Panda oleosa (Pandaceae) (Pais et al., 1979), and Sonjoinine 

G1 from seeds of Zizyphus vulgaris var. spinosus (Han, Park & Han, 1990). Unprecedented is the 2-

phenethylamine  unit  of  opuntisine  B  (2)  without  any  substituents  at  C-1  and  C-2.  For  both 

cyclopeptide alkaloids  the unique structural  novelty is  the terminal  cyclized  glutamic  acid unit, 

which has not been observed for this  compound class,  so far.  However,  this  pyroglutamic acid 

residue  is  part  of  the  structurally  related  cyclopeptide  rhopeptin  A,  isolated  from  the  moss 

Rhodobryum giganteum (Jiao, Wu, Chen, Lu & Shao, 2013).

3.2.4. Occurrence of cyclopeptide alkaloids in different tissues of Opuntia stricta var. dillenii

Over the last fifty years, more than 450 compounds were discovered from twenty-six families of 

higher  plants;  they  are  most  frequently  distributed  in  the  plant  family  of  Rhamnaceae  and 

Caryophyllaceae, but also documented for Asteraceae, Sterculiaceae, Euphorbiaceae and Rubiaceae 

(Gournelis,  Laskaris  & Verpoorte,  1997).  The genus Ziziphus  is  the  most  important  source  of 

cyclopeptide  alkaloids  (Tuenter  et  al,  2017).  Cyclopeptide  alkaloids  occur  in  all  tissues,  most 

commonly in barks, but barely in fruit peels or fruits tissue  itself.  However, the occurrence of 

cyclopetide alkaloids was documented in food plants such as Citrus (Rutaceae) with citrusine I-IV 

in peels of  C. unshiu,  C. sinensis,  C. natsudaidai Matsubara, and C.  medica  var.  sarcodactylis 

(Matsubara, Yusa, Sawabe, Iitzuka, Takekuma & Yoshida, 1991), and C. medica var. sarcodactylis 

(Matsumoto, Nishimura & Takeya, 2002).  Cyclopeptide alkaloids occur in low concentrations (10-2 

– 10-5 %), and analytic results are influenced by use of varying extraction methods (Tan & Zhou, 

2006).
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To study the presence of opuntisines  1,  and  2 in pulp,  skin and pit,  the tissues were extracted 

separately. The LC-ESI-MS analysis revealed that the target cyclopeptide alkaloids occur in fruit 

flesh and skin material, but not in the seeds of the cacti fruits (Suppl. Fig. S6).  

Since cyclopeptide alkaloids remained unchanged in gastric juice and in intestinal fluids (El-Seedi, 

Zahra, Goransson, Verpoorte, 2007), the unchanged uptake of  1 and  2 and physiological effects 

after the consumption of Opuntia fruits appear to be possible.

3.2.5. Biological activity

A variety  of  biological  activities  has  been described for  members  of  the cyclopeptide  alkaloid 

family,  which  has  been  investigated  intensively  (Joullié  &  Richard,  2004).  This  includes 

antibacterial and antifungal activities (Tuenter et al., 2017a). Certain in-vitro anti-parasite activities 

against  tropical  diseases  were  documented  such  as  Plasmodium  falciparum and  Leishmania 

amazonensis (Tuenter  et  al,  2017b).  In  our  standard  test  panel  for  antimicrobial  and cytotoxic 

activities  (Surup  et  al.  2018),  1 showed  a  moderate  inhibitory  activity  (minimal  inhibitory 

concentration, MIC) of 66.7 µg/mL against  Escherichia coli. The activity against gram-negative 

organisms has been described for several cyclopeptide alkaloids (Gournelis, 1997). The cytotoxic 

activity evaluation against mouse fibroblast cell line L-929 and the multiple drug resistant human 

carcinoma cell line KB3.1 was without effect at 10 µM for 1 and 2. 

However, central nervous system (CNS) effects as sedative and anti-depressant effects of members 

of this substance family are the most promising activities (Tuenter et al., 2017b). As metabolites 1 

and  2 are  located  in  the  pulp,  the  consumption  of  O. stricta fruits  has  potentially  unknown 

physiological effects which need to be investigated.

4.  Conclusions    

Preparative high performance countercurrent chromatography (HPCCC) fractionation and off-line 

injections to ESI-MS guided the isolation of two new cyclopeptide metabolites  1 and  2 from the 
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semi-polar extract of the cactus fruits of O. stricta var. dillenii. The pure opuntisine A (1) and B (2) 

were structurally characterized by 1D/2D-NMR spectroscopy, high resolution mass spectrometry, 

and derivatization experiments. 

The cyclopeptides  opuntisine A and B are novel metabolites  and the occurrence of this natural 

product class is the first report for the plant family of Cactaceae. Further investigations are required 

to  screen  for  phytochemical  production  potentials  of  cyclopeptide  alkaloids  in  other Opuntia 

varieties, and various cacti species to gain a deeper insight to biological functions and potentially 

medicinal use of these metabolites.
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Figure Legends

Figure  1  :  Semi-preparative  HPCCC experiment  on  enriched  cyclopeptide  alkaloid  fraction 

(injection: 45 mg) operated in the elution-extrusion mode (flow 5.0 mL/min) with ESI-MS/MS off-

line injection of fractions in the sequence of recovery to monitor selected single ion traces (pos. 

mode) for accurate fractionation. HPCCC-solvent system: EtOAc/ i-Prop / H2O (25 : 1 : 25, v/v/v). 

ESI-MS injection amount of every fraction in sequence (10 µL). Start of extrusion at switch volume 
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VCM (210  mL). ESI-MS/MS  fragmentation  data  of  metabolites  are  directly  extracted  from  the 

injection profile.

Figure 2 :  Structures of the two novel cyclopeptide alkaloids opuntisine A (1) and B (2).  

Figure 3a : Distribution of opuntisine A isobars with [M+H]+ at m/z 620 in the recovered HPCCC 

fractions (F33, F36, F42; F48, F54, F56, F62) investigated by C18-LC-ESI-MS. The cyclopeptide 

alkaloid Opuntisine A (1) (equivalent to 620-b) was isolated and NMR characterized.

Figure 3b :  Observed variations in the MS/MS fragmentation pattern of six opuntisine A isobars 

(620-a – 620-f).

Figure 4 :  COSY (bold lines) and HMBC (arrows) correlations indicating the planar structure of 1. 

Table Legend

Table 1 :  1D-NMR chemical shift values  [ppm] (1H, 13C, DEPT) of cyclopeptide alkaloids 1 and 

2 (1H 700 MHz, 13C 175 MHz).
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