Chemical Composition and Antimicrobial Activity of Populus nigra Shoot Resin
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The chemical composition of Populus nigra shoot resin has been investigated by chromatographic and spectroscopic methods. The analyses
resulted in identification of 19 known compounds. The resin exhibited low activity against selected microorganisms.
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Plants of the genus Populus L. are known to produce resinous
excretions from glands of leaves [1] or stipules [2]. In addition,
extrafloral nectar can be released from leaf glands and has been
shown to be protective against fungal infections [3]. Under
greenhouse conditions the production of shoot resin in P. nigra L.
(Salicaceae) can be observed (Fig. 1). The resin is released from
glands situated on the adaxial site of stipules. The phenomenon of
shoot resin release in P. nigra has not been described so far. After
collection, the shoot resin was subjected to chromatographic
separation. Resulting fractions were analyzed by means of mass
spectrometry (MS) and nuclear magnetic resonance (NMR)
spectroscopy.

P. nigra shoot resin appears as a pale yellow mixture. Prior to
chromatographic separation, the water-soluble part of the resin was
analyzed by NMR spectroscopy (see Supplementary data, figure 1).
The *H NMR spectrum revealed sucrose as the only sugar species
present, together with the major phenolic components 12 and 13.
Consequently, sucrose was removed by means of reversed phase
solid phase extraction (RP-SPE), yielding six fractions which were
subjected to high performance liquid chromatography-mass
spectrometric (HPLC-MS) analysis. Based on HPLC-MS data, RP-
SPE fractions 1 to 3 were selected for separation by high
performance liquid chromatography-photodiode array detection-
solid phase extraction (HPLC-PDA-SPE) (Supplementary data,
Figure 2). Mass spectra of RP-SPE fractions 4 to 6 did not indicate
useful additional compounds and therefore these fractions were
discarded. The collected HPLC-PDA-SPE fractions were
subsequently subjected to NMR and high resolution mass
spectrometrlC (HR-MS) analysis for elucidation of the main
constituents.

Analysis of RP-SPE fractions 1 to 3 resulted in identification of 19
compounds (Fig. 2). RP-SPE fraction 1: (E)-caffeic acid (1) [4],
(E)-ferulic acid (2) [5], (E)-isoferulic acid acid (3) [5], (2)-3,4-
dimethoxy cinnamic acid (4) [6], and (E)-p-coumaric acid (7) [5].

RP-SPE fraction 2: (E)-3,4-dimethoxy cinnamic acid (5) [7], (E)-
isoferulic acid methyl ester (6) [8], (E)-p-methoxy cinnamic acid (8)
[9,10], (E)-3,4-dimethoxy cinnamic acid methyl ester (9) [11], (2)-
caffeic acid 3-methylbut-3-enyl ester (10) [12], (Z)-caffeic acid 3-
methylbut-2-enyl ester (11), (E)-caffeic acid 3-methylbut-3-enyl
ester (12) [13], and (E)-caffeic acid 3-methylbut-2-enyl ester (13)
[13]. RP-SPE fraction 3: (E)-caffeic acid 2-phenylethyl ester (14)
[14], (E)-isoferulic acid 3-methyl-3-butenyl ester (15) [12], (E)-
isoferulic acid 3-methyl-but-2-enyl ester (16), (E)-isoferulic acid 2-
methylbut-2-enyl ester (17), (E)-isoferulic acid 2-phenylethyl ester
(18) [15], and (E)-caffeic acid (2E)-3,7-dimethylocta-2,6-dienyl
ester (19) [14]. To our knowledge, NMR data of compounds 10, 11,
15, 16 and 17 have not been reported (SciFinder® search March
2016). For analytical data, see below.

Figure 1: Populus nigra cutting with shoot resin emerging from stipules
(arrows).

For determination of antimicrobial activity, an aqueous suspension
of lyophilized shoot resin and a methanolic solution of resin were
tested against the bacteria Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, Mycobacterium vaccae,
and the fungi Sporobolomyces salmonicolor, Candida albicans and



Penicillium notatum. The tests showed low activity for the
methanolic resin solution (Supplementary data, table 1). The water-
suspended, lyophilized shoot resin showed no activity against the
tested microorganisms.
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Figure 2: Chemical compounds identified in Populus nigra shoot resin.

The chemical profile determined for P. nigra shoot resin resembles
results found for the analysis of propolis [16] with the difference
being that in P. nigra shoot resin flavonoids have not been found.
The main components 12 and 13 have been described previously in
an analysis of P. nigra bud exudates [17] (i.e. washings of
developing leaf buds). The occurrence of sucrose and
phenylpropanoids, most of them esterified with prenyl or phenethyl
moieties, in P. nigra resinous leaf excretions suggests a dual
function of the shoot resin. The sucrose could play a role in
rewarding ants or other insects for plant protective activities.
Although to the best of our knowledge not reported for P. nigra,
such symbiotic plant-insect interactions seem to be likely in the
light of the present results and could be the subject of future
ecological studies. The antimicrobial activity of the
phenylpropanoids, although weak, could support the plant’s defense
against pathogenic microorganisms. In addition, or as an alternative
function, the phenylpropanoids could be part of the reward to
hypothetical symbionts in that these compounds might be
sequestered into the insect’s defence system.

Experimental

Plant material and sample collection: P. nigra shoot resin was
collected in spring 2014 from plants emerged from cuttings.
Greenhouse conditions were controlled keeping the temperature
between 19-23°C (day) and 20-22°C (night). Relative humidity
was between 50 % (minimum) and 60 % (maximum). The nectar
was collected using pipettes with polypropylene tips.

Sample preparation: For chromatographic purification, 5 mL of
nectar was diluted with 15 mL MeOH and kept refrigerated
overnight to precipitate insoluble matter. After centrifugation (5
min at 16,100 rcf) the supernatant was passed through a HR-X SPE
cartridge (500 mg) (Macherey-Nagel, Diren, Germany). Finally,

the cartridge was washed with 4 mL of MeOH. The effluent was
divided into 6 fractions which were subsequently evaporated by
means of vacuum centrifugation. The fractions were reconstituted
with 1 mL of MeOH and subjected to HPLC-MS analysis.

Analytical methods: For centrifugation, an Eppendorf 5804 R
(Eppendorf AG, Hamburg, Germany) was used. Solvent
evaporation was accomplished using a GeneVac HT-4X vacuum
centrifuge (GeneVac Ltd., Ipswich, UK). LC-MS data were
acquired using an Agilent 1100 HPLC system (degasser, quaternary
gradient pump and column oven) (Agilent, Waldbronn, Germany)
coupled to a J&M diode array detector (J&M Analytics AG,
Essingen, Germany). Mass spectra were acquired in positive
ionization mode using a Bruker Esquire 3000 mass spectrometer
equipped with an ESI source (Bruker Daltonics, Bremen,
Germany). Samples were measured in the positive ionization mode
in the range m/z 150-1500 with skimmer voltage +33.9 V. Capillary
exit voltage was +106.7 V, capillary voltage -2500 V, nebulizer
pressure 35 psi, drying gas 12.0 | min%, and gas temperature 330°C.
Fraction collection of selected peaks was accomplished using a
Spark SPE system (Spark Holland B.V., Emmen, Netherlands)
connected to the column outlet of the HPLC. HySphere resin GP
cartridges were used. Using a make-up pump (WellChrom K-120,
Knauer, Berlin, Germany), the effluent of the HPLC was enriched
with a flow of 2.5 mL min™ of water to achieve retention of the
compounds on SPE. For control of the HPLC system and fraction
collector Bruker Hystar ver. 3.2 was used. The mass spectrometer
was controlled by Bruker Esquire control ver. 5.3. A Macherey-
Nagel Nucleodur C18 Isis column (250 x 4.6 mm, 5 pm)
(Macherey-Nagel, Diiren, Germany) was used for chromatographic
separation. Gradient elution conditions for HPLC-PDA-SPE were
as follows: solvent A- water (0.1% formic acid), B- MeOH (0.1%
formic acid). 0 min- 95% A, isocratic for 1 min, 60 min- 5% A,
isocratic for 8 min, 69 min- 95% A, isocratic for 1 min. Prior to
each injection, a 5 min equilibration period was set. Flow rate was
0.8 mL min™, column temperature was set to 35°C. NMR spectra
were recorded on an Avance Il HD 700 NMR spectrometer
(Bruker Biospin, Rheinstetten, Germany) operating at a resonance
frequency of 700.13 MHz for *H and 175.75 MHz for 3C. The
spectrometer was equipped with a 1.7 mm Bruker TCI
microcryoprobe. Standard Bruker pulse sequences were used to
record spectra in MeOH-d, at 300 K. Spectra were referenced to
tetramethylsilane, which was used as an internal standard. HR-MS
data were recorded on a UHPLC Ultimate 3000 series RSLC
(Dionex, Sunnyvale, CA, USA) connected to a LTQ-Orbitrap XL
mass spectrometer (Thermo Fisher Scientific, Bremen, Germany).
HPLC was performed using an Acclaim C18 column (150 x 2.1
mm, 2.2 pm, Dionex, Sunnyvale, CA, USA) with a constant flow
rate of 300 pl min ™' of a binary solvent system of water (solvent A)
and acetonitrile (solvent B) (hypergrade for LCMS, Merck,
Darmstadt, Germany), both containing 0.1% (v/v) formic acid (FA;
eluent additive for LC-MS, Sigma Aldrich, Steinheim, Germany).
The following gradient was used: 0 min — 0.5 % B, 10 min - 10% B,
14 min — 80% B, 19 min — 80% B, 19.1 min - 0.5 % B, 25 min — 0.5
% B. Electrospray lonization (ESI) source parameters were set to 4
kV for spray voltage, 35 V for transfer capillary voltage at a
capillary temperature 275°C. The samples were measured in
positive ion mode in the mass range of m/z 100 to 1500 using
30,000 m/4m resolving power in the Orbitrap mass analyzer. Data
were interpreted using XCALIBUR software (Thermo Fisher
Scientific, Waltham, MA, USA).

Antimicrobial activity: For determination of biological activity, two
different samples of shoot resin, PnN1 and PnN2 were used (for
details regarding bacterial and fungal strains as well as medium



compositions see Supplementary data, Table 2). PnN1 was a
methanolic extract of shoot resin solubilized in 50% MeOH. PnN2
consisted of lyophilized shoot resin, re-suspended in water prior to
use. Both samples were tested in a concentration of 10 mg mL™.
Bioassays were conducted using bacteria and fungal cultures. B.
subtilis, S. aureus, E. coli, P. aeruginosa and M. vaccae were
cultivated on standard | nutrient agar (NA 1) in Petri dishes.
Bioassays were conducted at 37°C using bacterial and fungal
cultures. S. salmonicolor and P. notatum were cultivated on malt
agar (MA). C. albicans was cultivated on yeast morphology agar
(YMA). Fungus assays were conducted at 30°C. After inoculation, a
disc (9 mm in diameter) was removed from the center of the Petri
dish and 50 pL of the test solution was added to the cavity. After 18
h of incubation at the respective temperatures the inhibiting areola
was measured.

(2)-Caffeic acid 3-methylbut-3-enyl ester (10)

UV/Vis (PDA, MeOH/H,0) Amax (Nnm): 219, 246, 317.

'H NMR (700 MHz, MeOH-d,): & 7.30 (1H, d, J = 2.2 Hz, H,-2),
7.02 (1H, dd, J = 8.4/2.2 Hz, H,-6), 6.77 (1H, d, J = 12.3 Hz, H-3),
6.73 (1H, d, J = 8.4 Hz, H,-5), 5.72 (1H, d, J = 12.3 Hz, H-2), 4.78
(1H, s, =CH,,), 4.72 (1H, s, =CHy,), 4.24 (2H, dd, J = 7.1/7.1 Hz,
CHap-1), 2.36 (2H, dd, J = 7.1/7.1 Hz, CHy,-2), 1.75 (3H, s, -
CHy).

3C NMR (175 MHz, MeOH-d,): & 168.5 (C-1), 147.9 (C-4,), 145.4
(C-34), 143.0 (C-3y,), 128.1 (C-14), 124.6 (C-64), 118.3 (C-24),
116.6 (C-2), 115.6 (C-5,;), 112.6 (C-4y,), 61.8 (C-1y,), 37.5 (C-2y,),
22.4 (-CHy).

HRMS-ESI: m/z [M + H*] calcd for Cy4H1;0,4: 249.1127; found:
249.1485.

(2)-Caffeic acid 3-methylbut-2-enyl ester (11)

UVNVis (PDA, MeOH/H,0) Amay (nm): 219, 246, 317.

'H NMR (700 MHz, MeOH-d,): & 7.30 (1H, d, J = 2.2 Hz, H,-2),
7.02 (1H, dd, J = 8.4/2.2 Hz, H,-6), 6.77 (1H, d, J = 12.3 Hz, H-3),
6.73 (1H, d, J = 8.4 Hz, H,-5), 5.72 (1H, d, J = 12.3 Hz, H-2), 5.36
(1H, m, Hy-2), 4.63 (2H, d, J = 7.2 Hz, Hp,-1), 1.76 (3H, s, -CHa),
1.72 (3H, s, -CHa).

13C NMR (175 MHz, MeOH-d,): 5 168.5 (C-1), 147.9 (C-4,,), 145.4
(C-3,), 144.6 (C-3), 140.2 (C-3y), 128.1 (C-1,), 124.6 (C-64),
119.6 (C-2y,), 118.3 (C-2,), 116.6 (C-2), 115.6 (C-5;), 63.4 (C-
1pu), 25.7 (C-4py), 17.9 (-CHy).

HRMS-ESI: m/z [M + H*] calcd for Cy4H;0,4: 249.1127; found:
249.1121.

(E)-lsoferulic acid 3-methylbut-3-enyl ester (15)

UV/Vis (PDA, MeOH/H,0) Amay (NM): 214, 244, 297, 326.

'H NMR (700 MHz, MeOH-d,): & 7.55 (1H, d, J = 16.0 Hz, H-3),
7.06 (1H, d, J = 2.0 Hz, H4-2), 7.04 (1H, dd, J = 8.2/2.0 Hz, H,-6),
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6.94 (1H, d, J = 8.2 Hz, H,-5), 6.29 (1H, d, J = 16.0 Hz, H-2), 4.82
(1H, s, =CH,,), 4.78 (1H, s, =CHyy), 4.30 (2H, dd, J = 6.8/6.8 Hz,
CHap,-1), 3.89 (3H, s, -OCHj), 2.42 (2H, dd, J = 6.8/6.8 Hz, CH,y,-
2), 1.80 (3H, s, -CH3).

BC NMR (175 MHz MeOH-d,): § 169.0 (C-1), 151.8 (C-4,,), 148.7
(C-34), 146.3 (C-3), 143.1 (C-3y,), 128.9 (C-1,), 122.4 (C-64),
115.9 (C-2), 114.7 (C-2,), 112.6 (C-4y,), 112.3 (C-5,), 63.5(C-1,),
56.2 (-OCHa), 37.7 (C-2y,), 22.4 (-CH5).

HRMS-ESI: m/z [M + H*] calcd for C;5H140,: 263.1283; found:
263.1279.

(E)-1soferulic acid 3-methylbut-2-enyl ester (16)

UVNVis (PDA, MeOH/H,0) Amax (NM): 214, 244, 297, 326.

'H NMR (700 MHz, MeOH-d,): & 7.56 (1H, d, J = 16.0 Hz, H-3),
7.07 (1H, d, J = 2.1 Hz, H,-2), 7.05 (1H, dd, J = 8.2/2.1 Hz, H,-6),
6.94 (1H, d, J = 8.2 Hz, H,-5), 6.32 (1H, d, J = 16.0 Hz, H-2), 5.41
(1H, m, Hp-2), 4.68 (2H, d, J = 7.1 Hz, Hy-1), 3.88 (3H, s, -
OCHjy), 1.78 (3H, s, -CH3), 1.76 (3H, s, -CH3).

13C NMR (175 MHz MeOH-d,): § 168.9 (C-1), 151.6 (C-4,,), 148.4
(C-3,), 146.3 (C-3), 139.8 (C-3y), 128.9 (C-1,), 122.5 (C-64),
119.9 (C-2), 116.0 (C-2y,), 114.5 (C-2,), 112.3 (C-5,), 62.0 (C-
1p), 56.2 (-OCH,), 25.7 (C-4y,), 17.9 (-CHy).

HRMS-ESI: m/z [M + H*] calcd for CysH190,: 263.1283; found:
263.2364.

(E)-lsoferulic acid 2-methylbut-2-enyl ester (17)

UV/Vis (PDA, MeOH/H,0) Amax (NM): 214, 244, 297, 326.

'H NMR (700 MHz, MeOH-d,): & 7.56 (1H, d, J = 16.0 Hz, H-3),
7.07 (1H, d, J = 2.1 Hz, Hy-2), 7.05 (1H, dd, J = 8.2/2.1 Hz, H,-6),
6.94 (1H, d, J = 8.2 Hz, H,-5), 6.32 (1H, d, J = 16.0 Hz, H-2), 5.60
(1H, m, Hp,-3), 4.56 (2H, s, Hy,-1), 3.88 (3H, s, -OCHj3), 1.70 (3H,
s, -CHg), 1.76 (3H, dd, , J = 6.8/1.0 Hz, Hy,-4, (-CHy)).

13C NMR (175 MHz MeOH-d,): & 168.9 (C-1), 151.6 (C-4,), 148.4
(C-34), 146.3 (C-3), 132.2 (C-2y,), 128.9 (C-1,), 124.6 (C-3y),
122.5 (C-64,), 119.9 (C-2), 114.5 (C-2,,), 112.3 (C-54), 70.9 (C-1yy),
56.2 (-OCHg), 13.5 (-CHy). 13.2 (C-4y,).

HRMS-ESI: m/z [M + H*] calcd for CisH190,: 263.1283; found:
263.2364.

Supplementary data: 'H NMR spectrum of P. nigra shoot resin,
chromatograms of the RP-SPE fractions, results of the bioactivity
assays and a compound overview with high resolution mass data
can be found in supplementary data.
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