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NMR platform for advanced structural characterization@SCITEC

Avance 400 MHz Avance |1 500 MHz



State of the art: Avance 600 Neo

Installation: January 2021
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NMR of Carbohydrates

(CnHZnOn)
spettro — | Monosaccharides
glucose fructose
Carbohydrates »| Disaccharides
(CHZO)n spettro
sucrose

spettro

A 4

Polysaccharides

amylose amylopectin s



NMR Quantification

H1B

H2pB

a-glucose Hlo

6/12



Bio - Source of polysaccharides
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LAB

Lactic Acid Bacteria

L. frumenti

L. reuteri Mainly HoPS

é: é’gﬁfr’znciscensis FOS, GOS, fructans(levan or inulin ),
Ln. citreum —> glucans (dextran, reuteran, mutan)
W. cibaria

Ln. mesenteroides
L. plantarum
L. paraplantarum

L. Curvatus ) HePS
L. Sanfranciscensis



Applications

* Thickening Usually from plant
Food industry Technological & sensory * Stabilizing (pectin, arabic g.um,..)
» Texturizing or seaweed (alginate,
* Gelling agents carrageenan)
L. sanfranciscensis Levan (Dal Bello 2001) prebiotics in vitro
Health Prebiotics Ln. mesenteroides IMO (isomalto-oligosaccarides)
Ln. citreum Inulin

Probiotics Interaction probiotic-gut ecosystem



Structural characterization of GOS

glycoside hydrolases (B-galactosidase from Aspergillus oryzae and Kluyveromyces lactis) using lactose as substrate.

Extraction BS%
112% 17.8%
Purification 2.8% 2.1%
0.5%
MW characterization HP-SEC
Structural characterization HP-AEC

B-galactosidase derived from:

- Bacillus circulans favors the production of B-(1->6) linked oligosaccharides with a higher transferase activity;
Kluyveromyces lactis prefers the generation of B-(1->4) linkage;
Aspergillus oryzae and Aspergillus aculeatus produce B-(1->6/4/3)
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https://doi.orq/10.1016/j.bcdf.2017.07.007



https://doi.org/10.1016/j.bcdf.2017.07.007
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glycoside
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hydrolase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspergillus-oryzae
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/kluyveromyces-lactis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bacillus-circulans
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/transferase
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/kluyveromyces-lactis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspergillus-oryzae
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/aspergillus-aculeatus

Structural characterization of GOS: nomenclature

N
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'H 1D NMR

Structural characterization of GOS by NMR
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Structural characterization of GOS by NMR

NUS: 12 h
Traditional: 24h

oGaH1 : :
\1 BGH2

1H-13C- HSQC 3'GOS 4’GOS 6'GOS Vivinal 13/12



Structural characterization of GOS by NMR

Lac O

P. Contursi
E. Maresca

Gal-Xyl M. Aulitto

Gal-Glu Q

Gal-Gal Q

Manuscript in preparation
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Microbial
ISPA
collection

Commercial
collection

1° case study: structural characterization of EPS by NMR

Lacticaseibacillus casei
Lacticaseibacillus paracasei
Lacticaseibacillus rhamnosus
Lactiplantibacillus plantarum
Lactiplantibacillus plantarum

Lentilactobacillus buchneri

Leuconostoc lactis
Pediococcus pentosaceus

Weissella confusa

Carbon source

monosaccharides

mixtures of
saccharides

Manuscript in preparation

‘ EPS

Dextran (1-6) Glu
Mutan (1-3) Glu
Alternan (1-6)/(1-3) Glu
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1° case study : structural characterization of EPS by NMR

sucrose

lactose/sucrose

maltose/sucrose

W. confusa

Dextran composed of (1 - 6)-linked a-D-glucose

units containing (1 - 3)-linked a-D-glucose
branches. (9%, from the relative integral ratio)

HSQC
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Manuscript in preparation
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Delivery of bioactive molecules by NMR

Hydrogels and cryogels were synthesized modifying starch from pea pods; they were able to deliver active
molecules (volatile molecules, essential oils, poorly water soluble)

Chemical modification

»
»

Starch from pea pods cryogel hydrogel
as feedstock

Starch is composed
by amylose and
amilopectine in a
ratio dependent to
the botanical origin

NMR enables:
> Materials
characterization

» Evaluation of drugs Antonella Caterina Boccia
release profiles antonella.boccia@cnr.it 17/12



SEM images

Structure of biomaterial

Pea pods

Potato peels

Submitted to Carbohydrate Polymers

Both materials showed a
compact solid structure, with
non-homogeneous pores and
cavities; moreover, the SEM
analysis confirmed the absence
of the globular structure
expected in the case of native
starch sample
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Delivery of bioactive molecules by NMR: MW determination

HA-PLA DAC® Hyaluronic-Polylactide Based Hydrogel

13kDa
50kDa

208kDa

doi:10.3390/biom10111478 19/12



Delivery of biomolecules - 1%t case study: quantification of Caffeine

Experimental scheme showing the procedure for the sorption/desorption of caffeine

Enzymatically modified materials: oxidative process on C6 Electrostatic interaction with functional group
NMR

spectrometer
D,0/TSP
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Molecules 2020, 25, 2557; doi:10.3390/molecules25112557



Delivery of biomolecules -15 case study: quantification of Caffeine

Quantification

Release profile from NMR data
[mM]c = Io/Hc [mM]st ] Hst/lst

o [c|
a /[ﬁ:N/
N
O)\T old TSP

b b

| - \ 1 l J Percentage/mg medium values of the cumulative caffeine release

versus time for wet and dry-loaded samples

Molecules 2020, 25, 2557; doi:10.3390/molecules25112557 21/12



Delivery of biomolecules - 2" case study: quantification of diacetyl as
volatile model molecule

T ambient, buffered

Chemically modified material: opening of saccharide, lowering the MW

0O
Time Pf—’ CHs
TSP
O
2

t,=2805’
t,=120’
t,=15’ | 1 1 1

..... NS

6 5 4 3 2 1 ppm

'H NMR spectra in D,O @ 500 MHz, 300 K

Submitted to Carbohydrate Polymers

Up to 9 adsorption/desorption processes
Diacetyl as antimicrobic

Quantity of diacetyl (mg)

Quantity of diacetyl (mg)

1,80€-02

1,70€-02

1,60€-02

1,50€-02

1,40E-02

1,30E-02

1,00E-02

9,10E-03

8,20E-03

7,30E-03

6,40E-03

5,50E-03

Pea starch hydrogel (A})

15 45 75 135 225 345 1365 2805
Time (min)
Pea starch cryogel (A¢)
15 45 75 135 225 345 1365 2805
Time (min)

1,95E-02

1,80E-02

1,65E-02

ity of diacetyl (mg)

1,50E-02

1,35E-02

Quant

1,20€-02

2,79E-02

2,66E-02

2,54E-02

2,41E-02

2,29E-02

Quantity of diacetyl (mg)

2,16E-02
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Potato
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Potatc
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