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Fig.	S1	1H	1D	spectra	of	the	hydrolysate	(bottom)	of	the	Ceropegia	sandersonii	droplets	in	

comparison	with	spectra	of	reference	monosaccharides.	Matching	signals	of	

monosaccharides	are	color-coded.	

	

	

	
	

Fig.	S2	Symbol	presentation	of	oligo-	and	polysaccharides	used	as	reference	for	

comparison	of	NMR	data.	The	building	blocks	of	relevance	are	highlighted	by	a	red	box.	

(Fugedi,	1987;	Menestrina	et	al.,	1998;	Delgobo	et	al.,	1999;	Tan	et	al.,	2010;	Endo	et	al.,	

2013;	Cartmell	et	al.,	2018;	Tan	et	al.,	2023)		

	

	 	



 

	

	
Fig.	S3	Chemical	structures	of	the	Ceropegia	sandersonii	polysaccharide	and	the	released	

glycan.		The	side	chains	are	shown	in	magenta,	their	order	is	tentatively.		The	different	

building	blocks	are	marked	with	letters	a	to	g	corresponding	to	the	observed	NMR	spin	

systems.	

	

	



 

	
Fig.	S4	Observed	NOE	cross	peaks	connecting	the	building	blocks	indicated	with	red	

arrows	on	the	chemical	structure	of	the	Ceropegia	sandersonii	polysaccharide	and	the	

released	glycan.	The	side	chains	are	shown	in	magenta,	their	order	is	tentatively.		The	

different	building	blocks	are	marked	with	letters	a	to	g	corresponding	to	the	observed	NMR	

spin	systems.	

	



 

	
Fig.	S5	Observed	long	range	1H-13C	correlations	connecting	the	building	blocks	indicated	

with	cyan	arrows	on	the	chemical	structure	of	the	Ceropegia	sandersonii	polysaccharide	

and	the	released	glycan.	The	side	chains	are	shown	in	magenta,	their	order	is	tentatively.		

The	different	building	blocks	are	marked	with	letters	a	to	g	corresponding	to	the	observed	

NMR	spin	systems	

	

	

	 	



 

	
Fig.	S6	Sequences	of	most	abundant	proteins	identified	by	proteomics	using	all	potential	
reading	frames	of	the	transcriptome	of	C.	sandersonii.	Prolines	in	sequences	predicted	to	be	
hydroxylated	are	indicated	in	magenta,	otherwise	grey.	Clusters	of	such	hydroxyprolines	
are	typically	found	in	arabinogalactan	proteins,	typically	in	unstructured	regions	or	tails.		
Sequence	regions	covered	by	a	peptide	found	in	the	MS	analysis	are	underlined.	The	most	
abundant	peptide	is	marked	in	bold	letters.	The	corresponding	relative	abundance	as	well	
as	the	number	of	matched	peptides	and	uniquely	matched	peptides	is	denoted	in	the	
parentheses	after	the	Trinity	accession	code.			 
	



 

	
Fig.	S6	continued.				



 

	
Fig.	S6	continued.				

	



 

	
Fig.	S6	continued.				

	

	

	

	 	



 

Table	S1	The two gradients used for HPAEC-PAD analyses. Buffer A was 200 mM NaOH, 

buffer B was 15 mM NaOH and buffer C was 50 mM NaOH with 0.5 M NaAc. The time is 

given in minutes. 

	

 

Gradient 1 Gradient 2 
Time %A %B %C  Time %A %B %C 
-13 100 0 0  -13 100 0 0 
-8 100 0 0  -8 100 0 0 
-7 0 100 0  -7  100 0 
12 0 100 0  9 0 100 0 
12.1 0 60 40  9.1 5 85 10 
22 0 60 40  23 0 60 40 
22.1 100 0 0  25 0 60 40 
24	 100 0 0  26  0 100 0 
25 0 100 0  28 0 100  0 

 

	

	 	



 

Table	S2	Binding of monoclonal antibodies to two samples of the Ceropegia 

sandersonii polysaccharide. The C. sandersonii polymer was spotted along with a few 

commercial polymers to estimate the amount and strength of binding to monoclonal antibodies. 

Out of 46 selected antibodies only two showed a sufficiently strong binding.  

Legend: signal strength is reported; very strong (++); strong (+): weak (+/-) or no signal (-) 

	
	

	 	



 

Table	S3	Observed chemical shifts of the disaccharide GlcAβ1,6Gal at 298 K, referenced to 

DSS in comparison with chemical shift predictions with the software CASPER (Furevi et al., 

2022) and the NMR values of Menestresina et al. 1998 (Menestrina et al., 1998). 

	
Moiety H1 H2 H3 H4 H5 H6 H6' C1 C2 C3 C4 C5 C6  

GlcAβ1,6-  

4.545 (α)a 
4.552 (β)a 3.36 3.54 3.55 3.85b   105.2 75.6 78.1 74.3 78.1b 177.1b this work 

4.52 (α)a 
4.54 (β)a 3.36 3.53 3.52 3.73 (α)a 

3.72 (β)a ⎯ ⎯ 105.2 75.6 78.2 74.4 78.7 178.2 CASPERc 

 4.48 (α)a 
4.49 (β)a       105.2     177.8 Menestresinad 

-β1,6Galα  
5.28 3.81 3.87 4.02 4.28 3.84 4.06 95.0 71.0 71.7 72.0 71.9 72.1 this work 

5.22 3.77 3.82 3.98 4.22 3.82 3.98 95.0 71.0 71.7 72.0 71.8 71.5 CASPERc 

 5.23       95.0      Menestresinad 

-β1,6Galβ 
4.60 3.51 3.66 3.96 3.90 3.88 4.06 99.1 74.5 75.3 71.5 77.8 72.0 this work 

4.55 3.46 3.60 3.93 3.84 3.79 4.00 99.0 74.6 75.4 71.5 76.4 71.4 CASPERc 

 4.55       99.1      Menestresinad 

a the chemical shifts depend on the anomeric form at the Gal at the reducing end. (α) stands for Galα at 

the reducing end and (β) stands for Galβ at the reducing end. 
b the chemical shift values are pH dependent due to the equilibrium between COOH and COO- at C6 
c the calculated 13C values showed an offset due to different referencing. For better comparison a 

correction of +1.7 ppm was added to the 13C values 
d the calculated 13C values showed an offset due to different referencing. For better comparison a 

correction of +2.2 ppm was added to the 13C values 

	
	

	 	



 

	

Table	S4	Observed chemical shifts of the intact polysaccharide of Ceropegia sandersonii 

referenced to DSS at 25°C in comparison with previously reported NMR data (Tan et al., 2010; 

Cartmell et al., 2018; Tan et al., 2023). In addition very small signals of short Arafα1,3Galβ1,6- 

and Galβ1,6-side chains are also visible in the spectra but omitted here. Their chemical shifts are 

reported in Table S5. The name of the species in the references is indicated in brackets. 

 
Comment Moiety H1 H2 H3 H4 H5 H6/ H5' H6' C1 C2 C3 C4 C5 C6  

linear side 
chain 
 
Rhaα1,4 
GlcAβ1,6 
Galβ1,6-
bbGal 

Rha 
(b) 4.747 3.952 3.781 3.436 4.043 1.262   103.4 72.9 72.8 74.6 71.7 19.2 this work 

4.742 3.926 3.746 3.432 4.013 1.245 ⎯ 103.6a 72.9a 72.8a 74.6a 71.8a 19.1a Cartmell 

4.90 3.98 3.75 3.47 3.96 1.26  103.6b 73.2b 73.1b 74.8b 71.9b 19.2b CASPER 

GlcA 
(d) 4.525 3.384 3.584 3.59 3.763 ⎯ ⎯ 105.3 76.0 76.9 81.8 78.8 177.9 this work 

4.558 3.369 3.605 3.639 3.955 ⎯ ⎯ 105.4a 75.9a 76.8a 81.6a 77.1a 176.0a Cartmell 

4.55 3.38 3.65 3.66 3.80 ⎯ ⎯ 105.2b 76.0b 77.1b 82.4b 78.1b 178.0b CASPER 

Gal 
(f) 4.459 3.548 3.669 3.965 3.93 4.076 3.917 106.3 73.4 75.3 71.3 76.2 72.3 this work 

4.433 3.529 3.651 3.934 3.894 4.016 3.897 105.8a 73.4a 75.2a 71.3a 76.5a 72.2a Cartmell 

4.44 3.52 3.61 3.91 3.84 4.02 3.81 105.9b 73.7b 75.6b 71.7b 76.6b 71.7b CASPER 

branched 
side chain 
 
Rhaα1,4 
GlcAβ1,6 
[Arafα1,3]
Galβ1,6-
bbGal c 

Rha 
(b) 

4.747 3.952 3.781 3.436 4.043 1.262 	⎯ 103.4 72.9 72.8 74.6 71.7 19.2 this work 

4.81 3.95 3.78 3.42 4.02 1.25 ⎯ 103.3d 73.0d 73.0d 74.8d 71.7d 19.2d Tan 2010 (R) 

GlcA 
(d) 

4.525 3.384 3.584 3.59 3.763 ⎯ ⎯ 105.3 76.0 76.9 81.8 78.8 177.9 this work 

4.51 3.45 3.56e 3.63 3.73e ⎯ ⎯ 105.3d 76.0d 77.1d,e 81.8d 79.0d,e  Tan 2010 (UA) 

Araf 
(a) 

5.25 4.232 3.948 4.138 3.841 3.715 ⎯ 111.9 84.0 79.3 86.5 64.0 ⎯ this work 

5.25 4.21 3.95 4.13 3.82 3.71 ⎯ 111.9d 83.9d 79.3d 86.7d 64.0d ⎯ Tan 2010 (A) 

Gal 
(e) 

4.505 3.658 3.732 4.152 3.914 4.076 3.917 106.1 72.5 82.9 71.1 76.3 72.3 this work 

4.47 3.65 3.71 4.11 3.91 4.04 3.94 106.1d 73.3d 83.3d 71.5d 76.3d 72.1d Tan 2010 (Ga) 

short linear 
side chain 
 
GlcAβ1,6 
Galβ1,6-
bbGal 

GlcA 
(d′) 

4.522 3.358 3.531 3.536 3.742 ⎯ ⎯ 105.3 75.6 78.2 74.5 78.6 n.d. this work 

4.51 3.34 3.52e 3.54 3.74e ⎯ ⎯ 105.8f 75.7f 78.0e,f 73.0f 78.2e,f n.r. Tan 2023 (E) 

4.54 3.36 3.54 3.52 3.72 ⎯ ⎯ 105.4b 75.8b 78.5b 74.6b 78.9b 178.4b CASPER 

Gal 
(f) 4.459 3.548 3.669 3.965 3.93 4.076 3.917 106.3 73.4 75.3 71.3 76.2 72.3 this work 



 

4.46 3.66 3.72 4.10 3.88 4.03 3.92 106.0f 72.2f 82.9f 71.1f 76.2f 72.0f Tan 2023 (F) 

4.44 3.52 3.61 3.91 3.84 4.02 3.81 105.9b 73.7b 75.6b 71.7b 76.6b 71.7b CASPER 

backbone 
Galβ1,3- 

Gal 
(c) 

4.713 3.785 3.895 4.248 3.894 4.052 3.984 106.4 72.8 84.3 71.2 76.3 72.0 this work 

4.64g 3.65g 3.85 4.23 3.77 4.04 3.94 106.6d 73.2d 84.6d 71.3d 76.4d 72.1d Tan 2010 (G2) 

4.70 3.79 3.88 4.21 3.79 4.03 3.92 106.3f 72.2f 84.8f 71.2f 75.9f 72.0f Tan 2023 (C) 

4.62 3.73 3.78 4.19 3.86 3.99 3.85 106.8b 72.8b 84.8b 71.1b 76.2b 71.4b CASPER 

a the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +1.9 ppm was added to the 13C values 
b the calculated 13C values showed an offset due to different referencing. For better comparison a 

correction of +1.9 ppm was added to the 13C values 
c CASPER does not include arabinofuranose and therefore the chemical shifts of oligosaccharides 

containing Araf cannot be predicted 
d the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +1.6 ppm was added to the 13C values 
e the reported values seemed to have interchanged C3/H3 and C5/H5 assignments. Here we swapped the 

assignments 
f the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +2.0 ppm was added to the 13C values 
g values deviate, but values of Tan et al. 2023 fit 
 

 

	

	 	



 

	

Table	S5	Observed chemical shifts of the polysaccharide of Ceropegia sandersonii after 

enzymatic cleavage referenced to DSS at 25°C in comparison with previously reported NMR 

data (Delgobo et al., 1999; Endo et al., 2013) and predictions with the software CASPER (Furevi 

et al., 2022). The compound number of the reference is indicated in brackets. 

 
Comment Moiety H1 H2 H3 H4 H5 H6/ H5' H6' C1 C2 C3 C4 C5 C6  

linear side 
chain 
 
Arafα1,3 
Galβ1,6-
bbGal a 

Araf 
(a) 

5.253 4.228 3.953 4.135 3.84 3.721 ⎯ 111.9 84.1 79.3 86.6 64.0 ⎯ this work 

5.26 4.20 3.93 4.07 3.82 n.r. ⎯ 111.7b 84.0b 79.3b 86.8b 63.9b ⎯ Delgobo (4) 

5.25c 4.22c 3.96c n.r. 3.85c 3.76c ⎯ 112.0d 84.0d 79.3d 86.6d 64.0d ⎯ Endo 

Gal 
(e′) 

4.499 3.653 3.724 4.111 3.713 3.774  106.1 72.7 83.0 71.3 77.7 63.7 this work 

4.48 3.58 3.78 4.01 n.r. n.r.  105.7b 73.7b 75.8b,e 77.7b,f n.r. 64.0b Delgobo (4) 

4.48c n.r. n.r. n.r. n.r. 3.80c  105.9d n.r. 82.9d 70.6d n.r. n.r. Endo 

single 
saccharide
side chain 
Galβ1,6-
bbGal 

Gal  
(f′) 

4.449 3.548 3.653 3.928 3.706 3.776  106.3 73.5 75.5 71.4 77.8 63.7 this work 

4.42 3.51 3.60 3.87 3.65 3.74 3.66 106.0g 73.7g 75.7g 71.6g 77.9g 63.8g CASPER 

backbone 
Galβ1,3- 

Gal 
(c) 

4.713 3.786 3.882 4.241 3.931 4.057 3.92 106.5 73.0 84.5 71.3 76.2 72.0 this work 

4.62 3.73 3.78 4.19 3.86 3.99 3.85 106.8g 72.8g 84.8g 71.1g 76.2g 71.4g CASPER 

a CASPER does not include arabinofuranose and therefore the chemical shifts of oligosaccharides 

containing Araf cannot be predicted 
b the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +2.3 ppm was added to the 13C values 
c the reported 1H values showed an offset due to different referencing. For better comparison a correction 

of +0.06 ppm was added to the 1H values 
d the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +2.6 ppm was added to the 13C values 
e the reported value for C3 is likely incorrectly assigned 
f the reported value for C4 is likely incorrectly assigned, it would fit to C5 
g the calculated 13C values showed an offset due to different referencing. For better comparison a 

correction of +1.9 ppm was added to the 13C values 

	

	 	



 

Table	S6	Observed chemical shifts of the cleaved disaccharide Rhaα1,4GlcA at 298 K, 

referenced to DSS in comparison with chemical shift values of Fügedi 1987 (Fugedi, 1987) and 

predictions with the software CASPER (Furevi et al., 2022). 

 
Moiety H1 H2 H3 H4 H5 H6 C1 C2 C3 C4 C5 C6  

Rhaα1,4  
(b) 

4.727 (α)a 
4.734 (β)a 

3.953 (α)a 
3.980 (β)a 

3.784 (α)a 
3.765 (β)a 

3.441 (α)a 
3.435 (β)a 

4.052 (α)a 
4.042 (β)a 1.260 103.5 73.0 72.8 74.7 71.6 19.20 this work 

n.r.b n.r.b n.r.b n.r.b n.r.b n.r.b 103.6c 72.8c 72.8c 74.5c 71.8c 19.1c Fügedi 

4.90 3.98 3.75 3.47 3.96 1.26 103.6d 73.2d 73.1d 74.8d 71.9d 19.2d CASPER 

GlcAα 
(gα) 

5.239 3.611 3.743 3.548 4.137 ⎯ 94.7 74.4 74.2 82.4e 74.6e n.d. this work 

n.r.b n.r.b n.r.b n.r.b n.r.b ⎯ 94.8c 73.9c 73.9c 81.4c 72.3c n.r.b Fügedi 

5.25 3.61 3.87 3.67 4.16 ⎯ 94.7d 74.5d 74.1d 82.6d 73.5d 178.9d CASPER 

GlcAβ 
(gβ) 

4.633 3.311 3.559 3.576 3.759 ⎯ 98.6 77.1 77.1 82.0e 79.2e n.d. this work 

n.r.b n.r.b n.r.b n.r.b n.r.b ⎯ 98.7c 76.7c 76.7c 81.7c 76.2c n.r.b Fügedi 

4.66 3.32 3.64 3.68 3.80 ⎯ 98.5d 77.2d 77.1d 82.4d 78.0d 177.9d CASPER 

a the chemical shifts depend on the anomeric form at the Gal at the reducing end. (α) stands for GlcAα at 

the reducing end, (β) stands for GlcAβ at the reducing end 
b n.r. stands for not reported, few 1H data were reported for a different solvent 
c the reported 13C values showed an offset due to different referencing. For better comparison a correction 

of +1.9 ppm was added to the 13C values 
d the predicted 13C values showed an offset due to different referencing. For better comparison a 

correction of +1.9 ppm was added to the 13C values 
e the atoms are close to the carboxyl group which is in equilibrium between the neutral and charged form 

depending on the pH. Chemical shifts in the environment can change depending on the pH value. 

 

	

	
	

	 	



 

	

Methods	S1		

Efforts to identify the protein component of the Ceropegia polymer by LC-HRMS 

 

One 110 µL aliquot of the gliding zone wash-off was diluted 1/2 (v/v) in 100 mmol/L 

triethylammonium bicarbonate buffer (TEAB, pH 8.50, Sigma-Aldrich), containing 10 % (w/w) 

sodium dodecyl sulfate (SDS, Sigma-Aldrich) and 1× protease inhibitor cocktail (Roche), and 

heated for 5 min at 95°C for denaturation. In order to reduce possible disulfides, the sample was 

treated with 5 mmol/L tris-(2-carboxyethyl)-phosphine-hydrochloride (TCEP, Sigma-Aldrich) at 

55 °C for 15 min. This was followed by alkylation of the cysteine residues by addition of 

iodoacetamide (Sigma-Aldrich) to a final concentration 40 mmol/L and incubation at 22 °C in 

the dark for 10 min. After this, the sample was acidified to pH ≤1 with 12 % (v/v) ortho-

phosphoric acid (Merck) followed by protein precipitation by adding 7:1 (v/v) of 100 mM TEAB 

(pH 7.55) in 90 % methanol (v/v). Next the proteins were purified by suspension trapping 

employing S-Trap mini columns (Protifi) according to the manufacturer’s instructions,and 

digested to peptides by addition of 10 µg trypsin (sequencing grade modified, porcine, Promega, 

Madison, WI, USA) and incubation at 37 °C for 16 h. The purified peptides were dried at 50 °C 

in a vacuum centrifuge and resuspended in 10 µL 1.0% aqueous acetonitrile (ACN; VWR 

International) with 0.010% formic acid (FA; Sigma-Aldrich). Next, 0.330 µL of the sample were 

injected and chromatographically separated by reversed phase HPLC on an UltiMate™ 3000 

RSLCnano System (Thermo Fisher Scientific), employing a DNV PepMap™ Neo column (150 

x 0.075 mm i.d.) (Thermo Fisher Scientific). For the separation, 0.10 % aqueous FA (solvent A) 

and 0.10 % FA in ACN (solvent B) were pumped at a flow rate of 300.0 nL/min in the following 

order: 1.0 % B for 2.0 min, a linear gradient from 1.0-10.0 % B in 3.0 min, a second linear 

gradient from 10.0-35.0 % B in 45.0 min, and a third linear gradient from 35.0-45.0 % B in 10.0 

min. This was followed by flushing with 99.0 % B for 5 min and column re-equilibration with 

1.0 % B for 30 min. The column temperature was kept constant at 50 °C, the autosampler was 

kept at 5 °C. The nanoHPLC system was hyphenated to a Q Exactive™ Hybrid Quadrupole-

Orbitrap™ mass spectrometer via a Nanospray Flex™ ion source (both from Thermo Fisher 

Scientific). The source was equipped with a SilicaTip emitter with 360 µm o.d., 20 µm i.d. and a 

tip i.d. of 10 µm (CoAnn Technologies Inc). The spray voltage was set to 1.5 kV, S-lens RF level 



 

to 60.0 and capillary temperature to 250 °C. Each scan cycle consisted of a full scan at a scan 

range of m/z 350–2,000 and a resolution setting of 70,000 at m/z 200, followed by 15 data-

dependent higher-energy collisional dissociation (HCD) scans in a 2.0 m/z isolation window at 

28 % normalized collision energy at a resolution setting of 17,500 at m/z 200. For the full scan 

the automatic gain control (AGC) target was set to 3e6 charges with a maximum injection time 

of 100 ms, for the HCD scans the AGC target was 1e5 charges with a maximum injection time of 

150 ms. Already fragmented precursor ions were excluded for 30 seconds. Data acquisition was 

conducted using Thermo Scientific™ Chromeleon™ 7.2 CDS (Thermo Fisher Scientific). For 

raw data evaluation, MaxQuant 2.0.1.0 (Cox & Mann, 2008) was used in the default settings. For 

protein identification a custom protein sequence database was created by translating all 

Ceropegia transcriptome sequences in all six reading frames using transeq (Madeira et al., 2022). 

Subsequently, the longest continuous protein sequence fragment appearing within the respective 

six reading frames was extracted and added to the custom database. This custom-built database 

was used for protein identification, applying a 1 % false discovery rate. The mass spectrometry 

proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE 

(Perez-Riverol et al., 2025) partner repository with the dataset identifier PXD062347.	
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