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Convenient Method for Selective Isolation of Immuno-Stimulating
Polysaccharides from Persimmon Leaves

Sue Jung Leel, Hee-Do Hongz, and Kwang-Soon Shin'

IDepartment of Food Science & Biotechnology, Kyonggi University
“Korea Food Research Institute

ABSTRACT The biological activity of polysaccharide is greatly influenced by polysaccharide structure and molecular
distribution. Here, we developed a rapid and convenient isolation method for fractionating polysaccharides with different
characteristics and optimized it using a polysaccharide mixture from Korean persimmon leaves. A crude polysaccharide
mixture, persimmon leaves-enzyme (PLE) fraction, was isolated from persimmon leaves digested with pectinase and
ethanol precipitation. The PLE fraction was further fractionated with a serially diluted ethanol solution (ethanol : de-
ionized water=4:1, 2:1, 1.5:1, 1:1, and 0.5:1) to produce 10 subfractions (five precipitate fractions labeled from PLE-4
to PLE-0.5 and five supernatant fractions labeled from PLE-4S to PLE-0.5S). HPLC analysis indicated that PLE-4
and -2 consisted of diverse polysaccharides, whereas PLE-1.5, -1, and -0.5 contained high molecular weight (MW)
polysaccharides. The fractions from PLE-4 to PLE-1 were mostly composed of 13 different characteristic sugars in
rhamnogalacturonan (RG) I and II, and the sugars contained an arabino-B-3,6-galactan moiety. However, PLE-0.5
did not contain RG-II or B-arabino-3,6-galactan. Treatment of macrophages with fractions PLE-1.5S and PLE-1S led
to a 10 pg/mL increase in interleukin (IL)-6 production, whereas treatment with PLE-4S and PLE-2S fractions composed
of low MW polysaccharides resulted in reduced levels of IL-6. These results indicate that this isolation method may
be useful for the rapid and convenient fractionation of bioactive RGs from polysaccharide mixtures with various
properties.
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Persimmon leaves

— Centrifugation
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— Pectinase treatment (pH 5.0, 50°C, 3 days)
—Enzyme inactivation (100°C, 15 min)

Supernatant

—80% EtOH precipitation
— Centrifugation
— Lyophilization
Crude polysaccharide (PLE)

|

Precipitates

— Washing with [DIW : EtOH=1:4] solution

Precipitate (PLE-4)

|

Supernatant (PLE-4S)

— Washing with [DIW : EtOH=1:2] solution

Precipitate (PLE-2)

|

Supernatant (PLE-2S)

— Washing with [DIW : EtOH=1:1.5] solution

Precipitate (PLE-1.5)

|

Supernatant (PLE-1.5S)

— Washing with [DIW : EtOH=1:1] solution

Precipitate (PLE-1)

|

Supernatant (PLE-1S)

— Washing with [DIW : EtOH=1:0.5] solution

Precipitate (PLE-0.5)

|

Supernatant (PLE-0.5S)

Fig. 1. Purification scheme of bioactive polysaccharides from the pectinase digests of persimmon leaves by ethanol-fractionation

method.
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Table 1. Chemical properties of PLE-precipitate polysaccharide fractions obtained by ethanol-fractionation method using ethanol

from enzyme digests of persimmon leaves

Sample PLE PLE-4 PLE-2 PLE-1.5 PLE-1 PLE-0.5
Chemical composition (%)
Neutral sugar 49.5+2 .4 47.6+0.6 46.6+0.9 44.8+0.3 43.6+0.6 38.4+0.6
Uronic acid 37.7£1.2 38.2+1.1 39.2+1.1 49.4+0.9 45.3+3.8 60.8+1.3
Protein 11.7+£1.8 12.8+2.4 12.9+0.9 4.6+0.8 9.9+0.6 0.6+0.9
KDO-like material” 1.1£0.1 1.40.1 1.3+0.0 1.240.1 1.1£0.1 0.2+0.1
Component sugarz) (Mole (%)3))
2-Methylfucose 0.9+0.1 0.9+0.1 0.9+0.0 1.0+0.0 1.1£0.1 0.7+0.1
Rhamnose 9.8+0.3 11.1£0.5 9.0+0.2 8.4+0.1 9.6+0.7 9.8+0.0
Fucose 1.0+0.0 1.0£0.1 1.1£0.0 1.1£0.1 1.3+0.1 1.7+0.0
2-Methylxylose 0.9+0.1 0.9+0.1 1.0+0.0 1.1£0.0 1.1£0.1 0.7+0.0
Arabinose 10.1+0.0 9.3+0.7 9.4+0.1 9.2+0.5 8.0+0.9 6.5+0.5
Apioset+Xylose 3.6+0.1 3.4+0.2 3.4+0.1 3.3£0.1 3.4+0.4 4.3+0.2
Acetic acid 0.9+0.8 0.9+1.1 0.9+1.0 1.1+0.7 1.1+1.4 0.7+1.1
Mannose 1.3+0.1 1.5+0.1 1.1£0.1 0.9+0.1 0.7£0.2 0.5+0.2
Galactose 16.7£0.2 15.4+0.7 16.7£0.2 16.2+0.3 15.2+1.0 11.3£0.1
Glucose 4.2+0.0 3.2+0.0 3.0+£0.2 2.5+0.1 2.0£0.3 2.2+0.2
Galacturonic acid+Glucuronic acid 37.7+1.2 38.2+1.1 39.2+1.1 49.4+0.9 453+3.8 60.8+1.3

1)KDO means 2-keto-3-deoxy-D-manno-octulosonic acid.

Component sugar were analyzed using alditol acetates derivative method.
“Mole% was calculated from the detected total carbohydrate.
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Table 2. Chemical properties of PLE-supernatant polysaccharide fractions obtained by ethanol-fractionation method using ethanol

from enzyme digests of persimmon leaves

Sample PLE-4S PLE-2S PLE-1.5S PLE-1S PLE-0.5S
Chemical composition (%)
Neutral sugar 63.9+1.5 49.4+0.7 44.8+1.5 48.0+1.0 49.3+0.2
Uronic acid 30.4+0.2 31.7+0.5 28.4+0.4 29.3+0.9 44.2+0.7
Protein 4.6+0.8 18.1+0.9 25.5+1.2 21.4+0.7 5.4+0.8
KDO-like material” 1.0£0.1 0.9£0.1 1.3+0.0 1.3£0.1 1.0£0.2
Component sugarz) (Mole (%)3))
2-Methylfucose 0.0£0.1 0.1£0.2 0.4+0.0 1.1£0.1 0.9+0.0
Rhamnose 7.9+£0.3 13.9+0.4 9.6+0.2 9.6£1.2 8.8+0.4
Fucose 0.3+0.0 0.6+0.0 0.7+0.0 0.9£0.0 1.3+£0.0
2-Methylxylose 0.0+0.0 0.1£0.2 0.5+0.0 1.1£0.1 1.0+£0.0
Arabinose 27.1x1.2 7.7£0.2 8.7£0.5 10.8+0.9 9.24+0.5
Apiose+Xylose 1.7£0.1 3.0+0.1 3.3+0.0 3.3+0.4 4.3+0.2
Acetic acid 0.0+£0.4 0.1+£0.7 0.4+0.7 1.5+0.8 0.9+1.8
Mannose 1.7£0.3 3.3+0.1 2.6x0.2 1.3+£0.2 1.0£0.1
Galactose 10.9+0.5 11.1£1.1 11.6+0.5 15.0+£2.3 19.4+0.2
Glucose 14.3£0.5 9.5+£0.6 7.0+£0.4 3.4+0.5 2.5+0.3
Galacturonic acid+Glucuronic acid 30.4+0.2 31.7+0.5 28.4+0.4 29.3+0.9 44.2+0.7
YKDO means 2-keto-3-deoxy-D-manno-octulosonic acid.
)Component sugar were analyzed using alditol acetates derivative method.
Mole% was calculated from the detected total carbohydrate.
Zel 20f 22| 29| 2X EX (pullulan series)& ©]&3te] TAFH &5 4TS IAT
el @4 AelE PLERFH &) el o8 ¢oixl A3, PLEO =A83ld 2% 1,000 Da mwke] A2t
7h gy AR FE 9 % oRE 3lsy] 98]l EFL DIW:EOH=1:1.5 Ao oja)] Ao ¢Hd FEo
Superdex 75 GL column®] &2l HPLCE o] &3] elu- 2 AARE g 4= A} &3 PLE-1 &4 &4}
tion patterns &¢13d A 3}(Fig. 2), EtOHY &7} =95 2 10 kDa9] peak(RG-1IZ F4)7} 543] 2% dh
T5 AAE gRdMs AR Edo] A AFS B % PLE-1SolA = S7HH = Ao=qY & A2E ds}o]
Row, wrf® e Fite = ARA oA At Feds AT A5 RG-119] &A% 10 kDa peak”} 71 €]
24 Hom thgo] a5t A% v olul BEEd  £AE% W7 $AY 9 Da ol dom F45E peak7t
main peak® TZ(tailing “—ZH)% © 24 DIW : EtOH=1:1
100kDa Ae & @ A9 RG] B RG- o] Fra 9B
vy 2 2% 5 982 I + ANOH, PLE-05 53
A= RG-10.2 FA4 Y= peak7t FHE o2 HEF o2
FLE J L 100kDa o DIW : EtOH=1:0.5 M &]& A3 49 A9 &34 RG-1
bre s VY SR HRE 4 8-S stk A & S Bl
+ L ’ We el x Aelge] 48 49, 53 PLE-1SA
— | el 559 79 RG-II7F 55 8-, PLE-0.5914 8152
BER U\\ FED A 79 RG-10] E5-8 A 22 wai 9 F glon, ge
- v R \ - A3} AJzko] @ 4% = column chromatographyl} 32
PLE-1.5 W PLE-1.58 /\}\ I ES AA A% EA IS 358 2 9ee g
NS (b . T WS S e e & g
PLE-1 K PLE-1S d&\\«
: Y S— - el 2o 22| 210 g—glucosyl Yariv reagent2}9|
PLE05 PLE-05S i Hbo Al 24
=S \‘&/“ oo DE
L Ny — RG-19] 7% RG-11 2 HGo} 37 F54 02 Ags o]
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obtained by ethanol-fractionation method from the pectinase-di-
gests of persimmon leaves. Each polysaccharide fraction was
analyzed by HPLC equipped with Superdex 75 GL column, and
molecular weight calculated from the pullulan as a standard.
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Fig. 3. Single radial gel diffusion (A) and reactivity (B) between
B-glucosyl Yariv reagent and the polysaccharide fractions ob-
tained by ethanol-fractionation method from the pectinase-di-
gests of persimmon leaves. B-Glucosyl Yariv reagent has specif-
ic binding affinity to (-arabino-3,6-galactan. The result was cal-
culated to relative B-arabino-3,6-galactan (percent) against gum
arabic as a positive reference. Means with different letters (a-j)
indicate significant differences at P<0.05 by Duncan's multiple
range test.
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Fig. 4. Effect of the polysaccharide fractions obtained by etha-
nol-fractionation method on IL-6 production by murme peri-
toneal macrophages Peritoneal macrophages (2.5 X 10°/well) were
cultured with various concentrations of samples for 24 h, and
then concentration of IL-6 in the cultured medium was deter-
mined by ELISA. Lipopolysaccharide (LPS) was used as the PC
(positive control, m) at 5 pg/mL, and only media was used as
the NC (negative control, 0). Means with different letters (a-e)
indicate significant differences at P<0.05 by Duncan's multiple
range test.
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Persimmon leaves
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— Pectinase treatment (pH 5.0, 50°C, 3 days)
—Enzyme inactivation (100°C, 15 min)

Supernatant

—80% EtOH precipitation
— Centrifugation
— Lyophilization

Crude polysaccharide (PLE)

\
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— Washing with [DIW : EtOH=1:1] solution
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Fig. 5. Newly developed ethanol-fractionation method for the isolation of immuno-stimulating polysaccharides from the pectinase

digests of persimmon leaves. RG means rhamnogalacturonan.

Macrophage® Alxtolt}t o] E2S &2, A A= HA
oA o] 7}A| cytokineS EH]E}to]
ol g HAZ-8o FF4<] o
A Ao} o] HjEo] Al HY
Azl disfiAe AHA Al 445 HERATH27,28).
Macrophageol| A #H]¥ & cytokine?! IL-6% <% A<
Ao o gk A 7 Al AARESS FXA 7= 9TS
3o}, IL-69F -2 proinflammatory cytokine®] #H]&= 7+
Aol gt s3] AE P 4 224 Hate] A o)t
T A e (29), IL-6¥ IL-13 e oz 2839
T A3} B Alxe] #3tol] #ofstar 3¢ w37 vtz
HaE s Jri(30). ol AgaA 7l fele] &4 A
%2 macrophage® A3k cytokine A1hs FX1A]7]
= Ao=® gelE vi31), &l el o8 Doz As
&l o] & AERIst= AES it &) 2 7
oA ¥ojx PLE A AANEEL Fig. 40 Yehd vie} 2
gigdo I

¢

2

Hir
rlo
=
9
%2
=
<

off
H

n
2
9‘1"
X
,lfl_r
lo
N
(@)
ox
2
olN
™
fol
K
il
ad

-
@
0%
ofrt
12

AFZES] A T2 A8A E4o] 55
+ PLE-4S % PLE-2SdA & oz v &
Atk AT RG-1I7F E2l=o Y] A& st
PLE-1.55¢} PLE-1SolM+= & IL-6 a3 B9lar,
RG-Io] #3817 i PLE-0.5S914 & 52 249 A

St e w2 24 Bt

32

[

i
o

ok M, [T ¥ O o T

o @ & 2

o] RG-1 t%< F5317] #1384 DIW : EtOH=1:0.5 &7
2 AHste o] F WP #< PLE-0.5% B-arabino-3,
6-galactan®] A A RG-1 &0 =2, 45 &2 PLE-
0.5S% B-arabino-3,6-galactan®] &% RG-1 &Eo &
o] g3lH 7Mesd Ao= Jutdr

wepa] & Ao A okw o egS o] thhe] &uf
TYHe g R EETY 315 54 9 AE E4o] o]
g 54 gguks Aex oz A £ w5 Qo] f&
stH, o] & o] & A5 FAZe AldH Hge gy H
Hgo] 285 d thde] Hdeie] FA(column chro-
matography, $t¢]o] i}, F4 )& tiAste] @& ol 4l

S5 Bel L e FE} AT AL 5 BGH P
a7e] WEFE AFHOE o] § sbedtthn AF FAT
F a9

0]

O oo 2L Kl

i)
A A=)



Feoziy Wy

il

3

o

PLEZ ZA|5on, PLEE Ax =¥ A% 344
o kg & N(EtOH : DIW=4:1, 2:1, 1.5:1, 1:1 ¥ 0.5:1)%
o] &3t F 1070 (67 I HE & PLE-4~PLE-
0.5, 571 A58 g8 PLE-4S~PLE-0.55)o. & ®&3& %

t}. HPLC ¥4 A3} PLE-4, PLE-2 3] A B2} e} L5

2} 8ol 23 tido], PLE-1.5~0.5 &&= i3}

to] 2 HEH A &3 PLE-4~PLE-1 3§

4] A3} RG(rhamnogalacturonan)-13} RG-1I th32]
4 F 13T AR b oz T S
¥¢lon, B-arabino-3,6-galactan #7| = &-f-8F
Aoz gl i}, AR PLE-0.5 &&=

RG-II ¥ B-arabino-3,6-galactan &7|& -3l A

%ttt 83 PLE-1.5S~PLE-1S ¥&2& A3 np$ 2~ &

7 AAMEA A= F5 o)A IL-69] A T/t #HF

i o -

B0
LI v

[e
o

=

k9 XN oft
so t M e

fr e

) whe, 4%t o T4H PLE-4S 3 PLE-2S 2%
o A 2ol vhg shge] HAHST ol o] Arm e
B 2o Pol e 54 e Oge gy
A% FHL 72HE RGRE A48 hshl 2ese o
s} 83 PHAS FHAY & A
ZAtel 2

B el 20139 @A FATA A7H] A Qo] oJalo]
S Apoled, olo] ZHAR=HuInh,

REFERENCES

1. Ridley BL, O'Neill MA, Mohnen D. 2001. Pectins: struc-
ture, biosynthesis, and oligogalacturonide-related signaling.
Phytochemistry 57: 929-967.

. O'Neill M, Albersheim P, Darvill A. 1990. The pectic poly-
saccharides of primary cell walls. In Methods Plant Biochem.
Dey PM, ed. Academic Press, London, UK. Vol 2, p 415-
441.

3. Engelsen SB, Cros S, Mackie W, Perez S. 1996. A molecular
builder for carbohydrates: application to polysaccharides
and complex carbohydrates. Biopolymers 39: 417-433.

. Ishii T, Matsunaga T. 2001. Pectic polysaccharide rhamno-
galacturonan I is covalently linked to homogalacturonan.
Phytochemistry 57: 969-974.

5. Perez S, Rodriguez-Carvajal MA, Doco T. 2003. A complex
plant cell wall polysaccharide: rhamnogalacturonan 1. A
structure in quest of a function. Biochimie 85: 109-121.

. Srivastava R, Kulshreshtha DK. 1989. Bioactive polysac-
charides from plants. Phytochemistry 28: 2877-2883.

. Shin KS, Kiyohara H, Matsumoto T. 1998. Rhamnogalac-
turonan II dimers cross-linked by borate diesters from the
leaves of Panax ginseng C.A. Meyer are responsible for
expression of their IL-6 production enhancing activities.
Carbohydr Res 307: 97-106.

8. Mueller EA, Anderer FA. 1990. Chemical specificity of ef-
fector cell/tumor cell bridging by a Viscum album rhamno-
galacturonan enhancing cytotoxicity of human NK cells. /m-
munopharmacology 19: 69-77.

. Shin KS, Lee H. 1997. Structural analysis of the unusual

_o/]

EE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

&

il

ek 2+

)

ER

59

e

sugar-containing oligosaccharides formed by the selective
cleavage of weakly acidic polysaccharide. Korean J Food
Sci Technol 29: 1105-1112.

Mueller EA, Anderer FA. 1990. Synergistic action of a plant
rhamnogalacturonan enhancing antitumor cytotoxicity of
human natural killer and lymphokine-activated killer cells:
chemical specificity of target cell recognition. Cancer Res
50: 3646-3651.

McNeil M, Darvill AG, Albersheim P. 1980. Structure of
plant cell walls: X. Rhamnogalacturonan I, a structurally
complex pectic polysaccharide in the walls of suspension-
cultured sycamore cells. Plant Physiol 66: 1128-1134.
Jung WY, Jeong JM. 2012. Change of antioxidative activity
at different harvest time and improvement of atopic dermati-
tis effects for persimmon leaf extract. Kor J Herbology 27:
41-49.

Jung UJ, Lee JS, Bok SH, Choi MS. 2011. Effects of extracts
of persimmon leaf, buckwheat leaf, and Chinese matrimony
vine leaf on body fat and lipid metabolism in rats. J Korean
Soc Food Sci Nutr 40: 1215-1226.

Kawakami K, Aketa S, Sakai H, Watanabe Y, Nishida H,
Hirayama M. 2011. Antihypertensive and vasorelaxant ef-
fects of water-soluble proanthocyanidins from persimmon
leaf tea in spontaneously hypertensive rats. Biosci Biotech-
nol Biochem 75: 1435-1439.

Kim HJ, Kim MK. 2003. Anticancer effect of persimmon
leaf extracts on Korean gastric cancer cell. Korean J Nutr
36: 133-146.

Moon SH. 2002. Inhibitory effect of persimmon leaves on
the mutagenicity in spore rec assay and on the growth of
human cancer cells. Korean J Food & Nutr 15: 23-28.
Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.
1956. Colorimetric method for determination of sugars and
related substances. Anal Chem 28: 350-356.
Blumenkrantz N, Asboe-Hansen G. 1973. New method for
quantitative determination of uronic acids. Anal Biochem
54: 484-489.

Bradford MM. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72: 248-254.
Karkhanis YD, Zeltner JY, Jackson JJ, Carlo DJ. 1978. A
new and improved microassay to determine 2-keto-3-deoxy-
octonate in lipopolysaccharide of gram-negative bacteria.
Anal Biochem 85: 595-601.

Jones TM, Albersheim P. 1972. A gas chromatographic meth-
od for the determination of aldose and uronic acid consti-
tuents of plant cell wall polysaccharides. Plant Physiol 49:
926-936.

van Holst GJ, Clarke AE. 1985. Quantification of arabinoga-
lactan-protein in plant extracts by single radial gel diffusion.
Anal Biochem 148: 446-450.

McNeil M, Darvill AG, Aman P, Franzen LE, Albersheim
P. 1982. Structural analysis of complex carbohydrates using
high-performance liquid chromatography, gas chromatog-
raphy, and mass spectrometry. In Methods in Enzymology.
Ginsburg V, ed. Academic Press, New York, NY, USA. Vol
83, p 3-45.

Yu KW, Kim YS, Shin KS, Kim JM, Suh HJ. 2005. Macro-
phage-stimulating activity of exo-biopolymer from cultured
rice bran with Monascus pilosus. Appl Biochem Biotechnol
126: 35-48.

Yu KW, Hwang JH. 2001. Characterization of bone marrow
cell proliferating arabinogalactan through Peyer's patch cells
from rhizomes of Atractylodes lancea DC. J Food Sci Nutr



60

26.

27.

28.

BESAR

6: 180-186.

van Holst GJ, Clarke AE. 1985. Quantification of arabinoga-
lactan-protein in plant extracts by single radial gel diffusion.
Anal Biochem 148: 446-450.

Keller R, Keist R, Wechsler A, Leist TP, van der Meide
PH. 1990. Mechanisms of macrophage-mediated tumor cell
killing: a comparative analysis of the roles of reactive nitro-
gen intermediates and tumor necrosis factor. /nt J Cancer
46: 682-686.

Nathan CF, Murray HW, Cohn ZA. 1980. The macrophage
as an effector cell. N Engl J Med 303: 622-626.

ofol

oty

L

29.

30.

31.

Ul

¢}

s

Ohta Y, Lee JB, Hayashi K, Fujita A, Park DK, Hayashi
T. 2007. In vivo anti-influenza virus activity of an immuno-
modulatory acidic polysaccharide isolated from Cordyceps
militaris grown on germinated soybeans. J Agric Food Chem
55: 10194-10199.

Meyer RA. 2007. Immunology: from cell biology to disease.
Ist ed. Wiley Publisher, Hoboken, NJ, USA. p 102-107.
Shin YA, Park HR, Hong HD, Shin KS. 2012. Immuno-stim-
ulating activities of polysaccharide fractions isolated from
persimmon leaves. Korean J Food & Nutr 25: 941-950.



