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Abstract. Polysaccharides and their conjugates with various biologically active compounds (proteins, nucleic
acids, peptides etc.) are of great importance, they take a part in various biological processes. The one of the
important feature of polysaccharides is possibility to form wide variety of branched structures with different
molecular masses and, thus, they can form very complicated structural conjugates with wide range of biologi-
cally active compounds. Cells of tubers of cultivated potato (Solanum tuberosum L.) contain high amounts of
polysaccharides conjugated with proteins and nucleotides. In this work we developed fast and efficient chro-
matographic procedure for the isolation of protein-polysaccharide conjugates from the rootlets of Solanum
tuberosum L. 1t consisted of double-cartridge flash-chromatographic system, filled with the cross-linked
macroporous styrene-divinylbenzene and C18 stationary phases. Isolated products were characterized by dif-
ferent analytical methods, including HPLC (reversed phase and size exclusion chromatography), gas chroma-
tography and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (determination of pro-
teins). Some structural features were determined by means of IR spectroscopy in the region characteristic for
saccharides (1250-750 ¢cm™). It could be concluded, that isolated conjugates consisted of arabinogalactane
polysaccharide and protein with average MM 60 kDa. Analytical data obtained for both products, isolated
using conventional precipitation method and flash-chromatographic procedure were similar.

Keywords: protein-polysaccharide conjugates, flash chromatography, high performance liquid chromatog-
raphy.

For citation: Gorshkov N.I., Kirillov A.S., Malakhova L., Krasikov V.D. Isolation of protein-polysaccharide
conjugates from Solanum tuberosum L. rootlets by extended reversed-phase flash chromatography.
Sorbtsionnye i  khromatograficheskie  protsessy.  2022.  22(5):  591-597. (In  Russ.).
https://doi.org/10.17308/sorpchrom.2022.22/10680

Hayunas crates

Boiaesnenue 0eJIKOBO-NOJMCAXAPUAHBIX KOHBIOTATOB
U3 MPOPOCTKOB Solanum tuberosum L. meToaoM odopameHHo-¢a3oBoii
¢unu-xpomarorpadpuu

Huxoaaii Usanosuy lNopmkos'™, Auton Cepreesnu Kupuiios!,

Hpuna Usanosna Manaxosa!, Banepnii Imurpuesuu Kpacukos!

!MenepanbHOE TOCYIAPCTBEHHOE OIOMKETHOE YUPEKICHUE HAYKH VIHCTUTYT BBICOKOMOJIEKYJISPHBIX COEIH-
Henuii Poccuiickoit akagemun Hayk, Cankr-IlerepOypr, Poccusi, ngorshkov(@mail.ru™

AnHoTanus. [Tomrcaxapuabl ¥ UX KOHBIOTATHI C PAa3INYHBIMU OMOJIOTMYECKN aKTUBHBIMU MOJICKy1amHu (0e-
KaMH, HyKJIEHHOBBIMH KHCIOTAMHU, IENTHAAMH 1 P.) UMEIOT OO0JIBIIIOE 3HAUCHHE, IOCKOJIBKY TPUHIMAIOT y4a-
CTHE B pa3JIMUHBIX OHosIorHueckux mnponeccax. OHOM U3 BaXKHBIX OCOOEHHOCTEH MOJIMCaxapHIOB SIBISIETCS
CIIOCOOHOCTH 00Pa30BBIBATH Pa3BETBICHHBIE CTPYKTYPHI C Pa3IMYHOI MOJIEKYIISIPHOI Maccoii, KOTOpbIe MOTYT
00pa3oBbIBATh OYEHb CIO0XKHBIE CTPYKTYPHBIE KOHBIOTAThl C IIUPOKHM CIIEKTPOM OHMOJIOTHYECKH aKTHBHBIX
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coenuneHui. Kietku npopoctkoB kaptodens (Solanum tuberosum L.) copepikaT 3HAUUTEILHOE KOJIMYCCTBO
MOJINCAXapH/IOB, CBA3aHHBIX C OEIKAMHU M OJTMTOHYKJICOTHIAMH.

B nanHoi#t paboTte pa3paborana ObicTpast u dpdexTuBHAsS XpoMmaTorpadudeckas METOIUKA BhIACICHUS Oel-
KOBO-TIOJIMCaXapUAHBIX KOHBIOTATOB U3 MPOPOCTKOB Solanum tuberosum L., cocTosAmas u3 IByXKapTPUIKHON
(m-xpomarorpaduaeckoil CHCTEMBI, 3alIOJHEHHOW cTannoHapHO# (aszoit C18. BeimeneHHBIE TPOTYKTHI
OBUTH OXapaKTePHU30BaHB KOMIDIEKCOM aHAIMTHIECKHX METOJ0B, BKIrodas BOXKX (obpamenno-das3oBas u
SKCKIIIO3MOHHAS XpoMaTorpadus), ra3oBast Xpomarorpadus, 31nekrpodopes B MOTHAKPUIAMUAIHOM Telle C 0-
JenwicynbhaToM HaTpHsl Juisl olpeaeieHne 0eiakoB. CTPyKTYpHbIE XapaKTEpUCTHKH ONpPENeIsId METOA0M
NK-CNeKTPOCKOIIMU B XapaKTePUCTHYHOM juis caxapuioB obnactu (1250-750 cm™!). Crenano 3akmtouenue,
YTO BBIICJIEHHbIE KOHBIOTATBHl COCTOSIT M3 apaOWHOralakTaHOBOIO IOJIMcaxapuia MU Oeika co cpeaHei
MM 60 k/la.

AHanuTuuecKue JaHHbIe, TOJy4YeHHbIE JUIsl 000UX MPOIYKTOB, BBIICICHHBIX TPAIUINOHHBIM OCaUTEIbHBIM
METOJIOM U IIPH NTOMOITH (UIBII-XpoMaTorpaduu, H03BOJSIIOT CENATh BBIBOJ, YTO OEIKOBO-MONNCAXapHIHbIE
KOHBIOTAThl UMEIOT ONM3KHI COCTaB.

KnioueBbie cia0Ba: MpoTeHH-TIOIHCAXapUIHbIE KOHBIOTATHI, (III-XpoMaTorpadus, BeICOK03(dekTnBHasL
XKHUJKOCTHAs! XpoMaTorpadus.
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Introduction

Polysaccharides constitute a structurally
diverse class of polymers. Their molecules
are composed of monosaccharide residues
linked by glycosidic bonds. Since polysac-
charides possess high structural variability
(i.e., they can form a wide variety of
branched structures with different molecular
masses), they participate in numerous bio-
logical processes. Unlike nucleotides that
form nucleic acids, and amino acids in pro-
teins (which can interact with specific sites
in a living organism only in a certain man-
ner), polysaccharides and their conjugates
can take part in various types of interactions.
Polysaccharides and their derivatives are in-
volved in signal recognition and cell—cell
communication; they play key roles in the
functioning of the immune system, fertiliza-
tion, disease prevention, and blood clotting
[1,2].

Tubers of cultivated potato (Solanum tu-
berosum L.) contain high amounts of poly-
saccharides conjugated with proteins and nu-
cleotides, as well as polyphenols, vitamins,
phenolic acids, chlorogenic acid, cafeic acid,
ferulic and p-coumaric acids, flavonoids
(quercetin, kaempferol, rutin, and catechin),
etc. These substances are important for the
metabolic processes of human organism [3,
4]. It should be noted that the highest

amounts of biologically active compounds
are contained in potato rootlets.

The traditional procedure for the isolation
of polysaccharides and their conjugates with
proteins from the plant raw materials is ra-
ther complicated and involves liquid extrac-
tion and fine low-pressure chromatographic
purification [5-7]. One of the simplest and
most effective techniques for chromato-
graphic separation and isolation of target
compounds is flash chromatography, which
provides a means for a fast efficient fraction-
ation of biologically active compounds with
similar properties [6].

The goal of this study was to develop a
fast and efficient chromatographic proce-
dure for isolation of protein-polysaccharide
conjugates from the rootlets of Solanum tu-
berosum L. and to reveal the composition of
the obtained polysaccharides.

Experimental

Materials. The rootlets were obtained
from the “Novinka” white-skin potato vari-
ety (Novgorod, Russia). They were air-dried
under permanent heat ventilation, and the re-
sulting material was ground. The samples
were stored at room temperature before use.

Extraction of water-soluble protein-poly-
saccharide conjugates and related com-
pounds. Polysaccharides and the related wa-
ter-soluble biologically active compounds
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were extracted according to the modified
protocol described in [8]. Dry rootlets (20 g)
were mixed with 500 mL of distilled water,
and the mixture was stirred vigorously for 1
h at 70°C. The suspension was filtered, and
the solution was used in the experiments.
The extraction procedure was performed
twice to provide the maximal recovery of the
water-soluble components. The combined
filtrates were concentrated using a rotary
evaporator at 50°C in order to increase the
concentration by a factor of 20. The resulting
solution was centrifuged at 15 000 rpm and
freeze-dried.

Flash chromatography. The flash chro-
matographic unit (fig. 1) consisted of the
self-packed cartridge for pre-concentration
(10 ml of hyper cross-linked styrene-divi-
nylbenzene phase MN-202, (pore volume
220A, pore volume 0.3 mg/cm?, surface area
950 m*/g, 80 um, (Purolite, Great Britain))
with two polypropylene frits and the self-
packed cartridge for fine purification (5 cm?
C18 phase (10 um) with two polypropylene
frits). The flow rate of 0.2 M NaCl- 0.01%
trifluoroacetic acid (pH 2.2) elution system
was 1 cm®/min; the flow was initiated with
an LKB 12000 peristaltic pump (LKB, Swe-
den). A sample (50 mg) was dissolved in wa-
ter (2 cm®) and injected into the system with
a syringe using a three-way tap. The UV ab-
sorption at 254 nm was monitored using an
LKB 8300 UVCorp II UV detector (LKB,
Sweden). The data were processed with the

Sample
2 3 injection

“MultiChrom™ software (Ampersand, Rus-
sia). The fractions were collected with the
aid of a FRAC-10 fraction collector (Phar-
macia, Sweden). The isolated products were
dialyzed against water and freeze-dried.

FTIR, HPLC, GC, and gel electrophore-
sis. FTIR spectra in the 4000-400 cm™' range
were acquired using an IR-8400 S Fourier
transform infrared spectrophotometer (Shi-
madzu, Japan) in KBr pellets an using ATRP
8000A accessory for neat samples. Chroma-
tographic analysis was performed with the
use of a Smartline HPLC instrument
(KNAUER, Germany) equipped with refrac-
tometric and spectrophotometric detectors.
Chromatographic profiles, molecular masses
and other parameters of the products were
obtained using the ClarityChrom GPC/SEC
software (Germany). A PSS Suprema Lux
SEC column (dimensions: 7.8x300 mm)
(Germany) with a pre-column (dimensions:
0.6x40 mm) was used to estimate molecular
masses of protein-polysaccharide conju-
gates. Sodium chloride solution (0.2 M) was
selected as an eluent; pullulans were used as
standards for calibration. Tessek C18 col-
umns (3x150 mm, 5 um) (Czech Republic)
were used in fraction analysis; elution was
performed with a linear gradient in water—
phosphate buffer system (pH 2.4) (0-100%,
15 min).

Gas chromatographic analysis was per-
formed with the aid of a 7820A unit (Agilent
Technologies, France) that included a quartz
capillary column (dimensions: 30 mx

MN-202

o
KOO%
0o° ®p0
o o
0% _ %o
09 0o
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Fig. 1. Experimental setup of the protein-polysaccharide two-step isolation process:
1 — solvent vessel, 2 — peristaltic pump, 3 — tree way injection tap, 4 — UV detector,
5 — fraction collector.
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Fig. 2. Isolation of protein-polysaccharide conjugates from plant raw material.

0.32 mm) packed with the NR-20 stationary
phase and a flame ionization detector
(Tdetection=300°C, Tinjection:29ooc, carrier
gas: helium, flow rate: 40 cm?®/min). Conju-
gate was preliminary hydrolyzed with tri-
fluoroacetic acid in a sealed ampoules and
sialylated. Arabinose, inosite, glucose, ga-
lactose, and fructose were used as standards
using sialylation protocol. Inositol was used
as an internal standard.

Sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) was car-
ried out according to the Laemmli method
[9] on the plates with the dimensions
10x10.5 cm coated with a minigel layer
1.5 mm thick. A Mighty Small electrophore-
sis unit (Mighty Small II, Hoefer Pharmacia
Biotech Inc., San Francisco, CA) was used
in SDS-PAGE analysis. The concentrations
of polyacrylamide in the resolving gel were
7.5 and 10.0%; its concentration in the stack-
ing gel was 4%. These gels were prepared
with the use of 0.375 M Tris-Cl (pH 8.8) and
0.125 M Tris—Cl (pH 6.8) solutions, respec-
tively. The electrophoresis buffer (pH 8.3)
contained Tris base (0.02 M) and glycine
(0.192 M). All buffers contained 0.1% of
SDS. A typical separation process lasted for
4 h at 10°C with a current of 20 mA per gel.

Results and discussion

The key issue in isolation of polysaccha-
rides and their conjugates from plant raw
materials is separation of target products
from the highly cross-linked matrix that is

deposited on cellular wall during suberisa-
tion and consists of various lipid polymers,
suberins, and lignin-like phenolics [10]. The
conventional extraction methods involving
subsequent re-precipitation of the target
products are characterized by low reproduc-
ibility and low yields; as a rule, additional
chromatographic purification of the products
is required. Using a conventional procedure
for the isolation of protein-polysaccharide
conjugates (fig. 2) we isolated such conju-
gate in fairly low yield which was used as a
reference in proposed separation process.

In this work, a simple and efficient low-
pressure flash chromatographic unit was de-
veloped with the purpose of isolation of pro-
tein-polysaccharide conjugates from the
aqueous extract that contained water-soluble
components of potato rootlets. The setup in-
cludes two cartridges; the first cartridge
filled with hypercrosslinked biporous sty-
rene-divynilbenzene sorbent is intended for
sorption of the cross-linked refuse matrix.
The second cartridge serves for fine separa-
tion of the target fractions. A characteristic
flash chromatography profile is presented in
fig. 3 (A). The SEC, IR, and electrophoresis
data indicate that the first fraction contains
proteins with the average MM equal to 50-
70 kDa; the second broad peak can be at-
tributed to the protein-polysaccharide conju-
gate, and the third fraction contains uniden-
tified washout.
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Fig. 2. Characteristic flash chromatography (A) and HPLC (B) profiles obtained using the
C18 stationary phase. Linear gradient elution (eluent: water— phosphate buffer system (pH 2.4)).

The fractions were compared using re-
versed-phase HPLC performed under identi-
cal elution conditions (linear gradient, water
— phosphate buffer system (pH 2.4)). A typ-
ical HPLC profile of the protein-polysaccha-
ride conjugate is presented in fig. 3 (B). It is
suggested that the protein and polysaccha-
ride components are not linked by covalent
bonds, which evidenced from HPLC data in
different buffer elution systems (phosphate,
citrate). Apparently, they are associated due
to some non-specific interactions, because
the ratio between intensities of the two main
peaks in the HPLC profile depends on pH of
the medium.

The results obtained by IR spectroscopy,
gas chromatography (GC), size exclusion
chromatography, and gel electrophoresis
were used to suggest possible composition
of the investigated protein-polysaccharide
conjugate.

The most intensive bands in the IR spec-
tra were used as “fingerprints”. The charac-
teristic bands at 1725 and 1648 cm! are at-
tributed to vsCOO and vsNHC(O) vibrations
of proteins. The 1200-950 cm™' region is
characteristic of combined vibrations of sac-
charide ring (C-OH, C-O-C, C-C); the ano-
meric region (950-750 cm™) is attributed to
the overlapped C-O and C-C stretching vi-
brations of glycoside and pyrane rings.

The complicated area of IR spectrum
(1250 750 cm™) was interpreted using mon-
osaccharide standards. Thus, the intense
band at 979 cm™! can be assigned to glucu-
ronic acid; the bands at 1073 cm’! and
883 cm! are related to galactose; the peak at

1136 cm™! is attributed to glucose; the com-
plex pattern near 1200 cm™! is assigned to
combined C-OH, C-O-C, C-C vibrations of
various saccharide residues (arabinose, glu-
cose, mannose) [11, 12].

The IR data agree well with the results of
GC analysis. The GC data allowed us to
evaluate percentages of monosaccharides
(after hydrolysis of conjugate and sialylation
of products) in the studied samples. The
samples contain arabinose (17.4%), galac-
tose (23.8%), glucuronic acid (13.1%),
galacturonic acid (14.6%), xylose (2.5%),
fructose (1.6%), and glucose (9.6%).
Thereby, it may be concluded that the iso-
lated polysaccharide could be assigned to the
class of branched arabinogalactans.

The molecular mass of the isolated pro-
tein-polysaccharide conjugate was evaluated
by SEC with the use of pullulan standards;
the peak value was equal to 90 kDa. The mo-
lecular mass of the protein component was
estimated by SDS-PAGE using the standard
protein kit and was found to be 60 kDa. An-
alytical data obtained for both products, iso-
lated wusing conventional precipitation
method and flash-chromatographic proce-
dure were similar.

Conclusions

A low-pressure flash chromatographic
system was developed for the isolation of
protein-polysaccharide conjugates from po-
tato rootlets. The FTIR, HPLC, GC, and gel
electrophoresis data were used to propose
probable composition of the conjugates con-
sisting of arabinogalactane polysaccharide
and protein with average MM 60 kDa.
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