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The Effect of Soil Amended with 3-glucan under Drought
Stress in [pomoea batatasL.
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ABSTRACT: Biopolymer is a versatile material used in food processing, medicine, construction, and soil reinforcement. 3
-glucan is one of the biopolymers that improves the soil water content and ion adsorption in a drought or toxic metal
contaminated land for plant survival. We analyzed drought stress damage reduction in sweet potatoes (jpomoea batatasL. cv.
Sodammi) by measuring the growth and major protein expression and activity under 8-glucan soil amendment. The result
showed that sweet potato leaf length and width were not affected by drought stress for 14 days, but sweet potatoes grown in
B-glucan-amended soil showed an effect in preventing wilting caused by drought in phenotypic changes. Under drought
stress, sweet potato leaves did not show any changes in electrolyte leakage, but the relative water content was higher in
sweet potatoes grown in 3-glucan-amended soil than in normal soil. £-glucan soil amendment increased the expression of
plasma membrane (PM) H*-ATPase, but it decreased the aquaporin PIP2 (plasma membrane intrinsic protein 2) in sweet
potatoes under drought stress. Moreover, water maintenance affected the PM H'-ATPase activity, which contributed to
tolerance under drought stress. These results indicate that 3-glucan soil amendment improves the soil water content during
drought and affects the water supply in sweet potatoes. Consequently, S-glucan is a potential material for maintaining soil
water contents, and analysis of the major PM proteins is one of the indicators for evaluating the biopolymer effect on plant
survival under drought stress.
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2F: f—glucan= HI0|2Z2|0] (biopolymer)2| oF SFE AlF 3 QJoFF A0l 018X UM, zF TIetEAATEM
LS10]| OIZ&7ALE E01 tigloto] AME HSok= &7t O|R0X| QUCE 2 AF0A= B0|2E2|H & S—glucang)
U=ot RFR 7IEXel0l I UEAE D10 (jpomoea balatas L., S8F AFHO)Q| Heig ME T2\ e THEIEO]
ol 3 2 HISIS BATSIITL 7S AEZIA 101N f-glucan EUEES0N M2 0010| A 3 SHEO| ME T2 1 TERE0IM
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202349 @A, AF-9] 7| 5= 7)E

ofu} ofZal 7] FE o] B

2F AL, A&, 7, S5 5 Ao Ay OPUIl ol=fqt
3 AEE AL 2o Ao X o) (Verslues
etal. 2023). I AEZ Ao 3 A=) YA S
AT BT A4 3 glow 2h20) 974 &
242 53 U] (endogenous) W T} A3 2 7
A= @)Y A (exogenous) HH] O 2 JLEEICH (Arif
etal. 2021). E¢)o] 54} HAIEo|U EA 22 &3}
She A W 2 o] AL Al o] S
38900 obx] g see o] ot A2 5

Aol FEE I X ik neba toFs 241 =

ool E3ksto] 22 YIS BHAE A7}
SEEEREEERN EER R D EE CEE N |

= A o] 22 3}c} (Klein and Poverenove 2020).

2L vlo] 9 Z ] (biopolymer) S o]8-3}o] 2135t
A 02 AL SIA] 7] = A7 A= Qi) vlo]
L Zg|uE Eofo| TalslH Eokelzle] S48 dRAF
N7 e 5RO EPHES SAF 4 gt
(Vahedifard et al. 2015). % Hlol| A 2P S 2 o

N

21 Al
Z o &H = o Al dut AES vho| &2
23t ol Miasl S vl ol 51 o] &)
=] 71 270014 o] Srele A0 vrel et
(Chang and Cho 2012, An et al. 2018, Lim et al. 2018).
3H, 0] ATLE-L o} A1 =S iAo & )] 9) o
T70]u} T2 ol g3 2ol that lol 2 B0
of cgahe I 3k ol o Z e ulo 214 5
s Be) A o] o Al Aok 170 Fash
ubeolu] EQFE ARjo] Aee] 5 u]d Aol
ulol B2l A4S 9 vl g AATHES 5
A E= 0 7] B2} SRHE-2 olu|3ic) tfxA o2
ZHeh4 (xanthan gum), H|EFZE7F(B-glucan), A2+l
(gelatin), 7] EAF(chitosan) 5-0] Hlo] @ Za|HZ E=

=2lla0f o BEERIOel £27| AASRICL O HAE f-gcencl EYEE0) 71
Qi RS S DT0N0| V1S A2t RIRIE| RIsfE0 Chii
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SHAIO|: HIO|QZ2|H, 7[2, TH0F Y/SEEE H'—ATPase, f—glucan

T A5 B Qo Ab}] ofo] 0]-§-F a1 it} (Chang
and Cho 2012). < B-glucan ¥ 22 23t5l]
EFAEE el EFUA] S ek B Ao
AL Z A7 ]+= B 317} ¢l (Chang and Cho 2012).
Hhol @ E2HE Efo] S5t 2 {uk of
Ue 7)o 2] FAt o] SRl Aag Hed 4
U= H a7} 2|t o] @ ol | 2] Az 7hd 2] ufof| A]
AT AT o] AF-EoA Hio] e-Ee]w EqF E3to]
T2 7he 9 o] 5502 (Y51, oFdl) 1l 5]
4 2371 59t} (Shin et al. 2020, Shin et al.
2021).

AE0 7hE, &5, aEaL B
A A& A9t (plasma membrane, PM)2 A|32E
AL Y= 8 A ol 0131 5ol dF At
T 9 o] 20] 55 Weksto] Al S
A7t} (Barkla and PantOJa 2010). o]=of| A LR uk
H'-ATPase:= ATPE A X 5}o] {13 Zul oo Al
(pH) S 2/d8k= 8 didoln, o] Faf
A=l J%= (driving force)=K'/H" symporter (HAK,
high affinity potassium transporter) 2 Na'/H" antiporter
(NHX, sodium hydrogen exchanger) 2} 2+ t}2 ut
A o] 2B T of o3RS v A A 3E Y& o] L3}
AAS 2483k} (Kim et al. 2013, Kim et al. 2019,
Zhang et al. 2019). o}5Lo}E2] PIP2= €13 Zlutof 4]
S vt A T o), ARE Wslol o
g 2BS A YRR bl B2 IS st

718 9 308} 22 AR el ool A PIP2 AT
E3jo]o] ofat 4-bt §12 E27} ek, o] ol
J13o2 PIP22 Y3 At e YAl B
W2 AFS 2 u Y ARG o] B 31E]o] Q) o, o] 9]¢
I Ql4k2} (phosphorylation), J-*+7HH| (gating) 52
7]2}Yo] 8+5 A @)tk (Kim et al. 2019, Kim et al.2021,
Kim et al. 2022). WebA] 7R~ Ed] 2 SojlA] ofto}
Yo HFH -8 Sholgt= AL A5 9] HlEfE Athsl=
o] -85tk oA, atutolA] 2h AE|2of uhE
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PM H'-ATPase 2] 23] 9 A= ¥ 3lo]) o3t L2
QAT Al Faolk, upebd] T 1t B4
O] PM H'-ATPase 12} 9|42 317 =5 23}
© A= Ao e W AR E ofsfishet] =&l
E Aotk (Yuet al. 2018, Yu et al. 2019).

AT o] 9 Bejn] FET §70| e 17
ok} 7ha A E A 0o A anE 24w, Al
L oA BHAEH A Yo 7]o{8H= PM H'-
ATPased PIP2 9] W3l v} &S Alsto] a1tutof
0] 2= o] @ Eem o] S 4] AvkE HESIICh

2. M2 2w

2.1 Al2 A2 U Hlo|QBa|n B8 U ME EX

I

H Lo A AMEE (B-glucan (BIOSYNTH, UK)
Table 19| 371 ¥ &2 E¢t & 3140} (Agn]) £7]
2 oujt) R AFAlERGI) AFAISE 1150l 16 h (30°C,
)/ 8h(25°C, 22 AFU7 Y3t 1

oI SR EEC| QY BAVA B ¥ FSEF

wHtol 7HE A2l skt 14912 H4-8 e o
ool A5 Asto] B W GBS Sk

=~

22 Mol rE: =H

I

14912} 7HE X 2lg o Z7]o) 4 A3 22t

0.1 g =8kl lct. =83t 9124525101 30 ml 32} 5
=247} ©71 50 ml conical tubeo]] ¥-& 5 26°C, 180

RPM Z A0 & 2A|7H=0 wHt 619 th Blank 42 =
gst7] flell A S5 A7) A= (EC1E S35t
%L, sample -§H o4 H7] A== (EC2)E 1Q170
electrical conductivity meter (IQ scientific instruments,
us A)—% O]_Q_—c‘;]_oj =] 6‘]_01 r;]. .L_
QT HA T AR oA A5 B A 7] 4EE(EC3)§§—

ottt Al fEes vtk 22 4S5 0] 851
Atk

Table 1. Biopolymer amendment recipe

Biopolymer Soil B-glucan Water
concentration (%) (9) (9) (ml)
0 900 0 270
1 891 9 270

A fE ) = 22100

2.3 =2 (RWC) &3

1447 7k A 2]l artut A2 & 2|55} fresh
weight (FW)E 743151t} S48 92 Eofl 24l ¢
T Afolof| 7o) 2417t 54k F-25] A Skt A

H Slo] 271E El9r & A A + turgid weight (TW) =
“g8l3ich Z74 3t sample-&-65°Cof| 4 2 U7t 2 8] A
ZA)Z] % dry weight (DW)E Z75}9Ick RWC= of
2] 412 o] g3to] Aa¥steick

FW-DW

RWC (%) = WVX 100

718 Ae)E o RS A3k homoge-
nization buffer (pH 7.5, 50 mM MOPs-Bis Tris propane,
330 mM sucrose, 5 mM ethylenediaminetetraacetic
acid, 5 mM dithiothreitol, 0.2% bovine serum albumin
and 0.5% polyvinylpyrrolidone)& {1l
Bkt 2245 sample> AZ2 SHH ﬂ% z
4°C, 10,000 g 2 1527 GAIEE] Sk ch Alsle =
2 54°C, 80,000 g 2 4587 AR 5lo] 5 ole
H 2] 37 pellet-2 3 ml buffer (pH 7.8, 5 mM KH,PO4, 5
mM KCI 330 mM sucrose, 1 mM ethylenediamine-
tetraacetic acid and 100 pM dithiothreitol) 2 =]
total membrane-2 =35}t =25 total membrane
2 6.5% (w/w) Dextran (MW 45,000 - 65,000), 6.5%
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polyethylene glycol (PEG 4000), 250 mM sucrose, 4
mM KCl and 5 mM KH,PO, (pH 7.8)]] & H2 &
4°C, 2000 RPM 1057+ 91412212 a}gick, 1 5 AMS
o8-S 2 3{5}] 20 ml final buffer (pH 7.5, 50 mM MOPs-
Bis Tris propane, 330 mM sucrose and 5 mM KCI) 4]
& $4°C, 100,000 g 710)[A] FAFEQT HAEe]
sttt AR % sample 9] pellet-2 final buffero]|
T}A] %<1 & western blot @ H-ATPase 2HJ =7 A
Holl ARE-3H AT

26 24

]

M =X (enzyme assay)

fol

npote] YReH Bl MEES 71730 mM
MOPs-BTP (pH 6.5), 3 mM MgSO., 50 mM KCI, 1.5
mM ATP, 712]31 0.05% Triton-X1002 2 A% &
Hof| 2418] &gHsto] 30+ B¢t 37°Cofl RES-A|FATh
o] Hk2-o]| A PM H-ATPase 2] S A|A| 2 200 UM vana-
date 12]11 3L O] H-ATPase A 4|24 100 mM
KNO;7FAREE| SUTh L & HE52 541 500 uL 5%
trichloroacetic acid 12]11 2 mL 100 mM sodium
acetate 5 FoI5to] Hh-5-& THEA|ZATE ATP 71==-5
2 Qe A =l = F71 1A WA A]7]7] 914l 300uL
1% ascorbic acid, 60 uL 10 uM CuSOy, 3001 L 0.025
mM H,SO,©] 33+ 1% ammonium molybdate -8-2Y
& Fofsieich. 10859 30°Col4 WG A7 5 23
I A (Biochrome, Libra S50)&- ©]-&5}¢] 720 nm 2]
THEE S5t PM H'-ATPase 9] &%= A4t
HMH O Kim et al. (2013)9] Wi} S s)c)

2.7 Western blot &4

St 3 A} sample-2- Bradford THai2l A= B
(Bradford 1976)& o] &-5}o] ket 10 ug W2
9+ sample-2 sodium dodecyl sulfate-polyacrylamide
gel ol§3to] A795L AW Semi-Dry
transfer system< ©]-85}¢] PVDF membrane &2
transferE A 345} Tl Anti-AHA &4 S 1:10000.2
PBST-20 898 © 2 3]43}0] membrane2 A-2-0]|A] 1
Al7FEot wHk A|7] 31557 wash buffer (PBST-20)
= 28 wash 3}$1t}. Horseradich peroxidase”} conju-
gation ¥ Anti-rabbit 3} & 1:4000 PBST-20 2.2 3|
Agt-§-H ol A membrane-& 420l A 141759t aL it

3155 7Fwash buffer 2 2t wash 5}93th. Membrane
2 Claro Sola ECL Solution (Biod, Korea)o]| 1 57} 1t
SA]%Z1 % iBright 750 (Invitrogen, USA)E- ©]-8-5}¢]
IS wakskeich whabe el o] W= iBright
750 A =2 13 9] normalization 7|52 ©]|-&5}¢]

Z27)3} s}oict.

E Z7| EX4-2 SPSS version 20 software (IBM,
USA)S AR8-310] 4230 ] %1 2. one-way ANOVA &
A3 Z1gYste) 0w, AR -2 Tukey’s HSD H|AE
Sl S AREA S 8T (P<0.05).

2

3. 2 1t

3.1 7ISAERA SIM B—glucan EL =20
02 1D70re| E5iy Hlw

At (EF AT oA B-glucan o] EFE
et 4 BIsHE 9157 f1al 14 5o PR a=
SAet] 7R A el E skl 1 A}, 7REAEE S
A &t 2ol A B-glucan E9to] w2 EH P 9| Ak
o|& UetA] gtk 7Ha A2 sheflA] B-glucan©]
S9E|R] RS Eok2 a1ute] 9]% (wilting) 7} 2RI
& A9k B-glucan &3 EQFQ] a1-tuf= 9|25 YEt
WA] ¢kokTh (Fig. 1 (a)). o= yut Qo] Fd g
ol A &= 5 Ut ArkE YER T (Fig. 1 (b)). -4,
it G0 SAAT 7HE A2l of ofgt artute] A
A 87t 2R1E $ O, B-glucan &] £} of F= a1taf
o] Aol ol JefS ujz| 2] kTt (Fig. 1
(¢)). O] AIh= 7ol &gt atut 9l o] 9127k et
£ A8 o] B-glucan ] EFEFtol o) A= 252

olugiet,

3 3

-

3.2 f—glucan ELEE FF0| E 170t
7te AERA Hlsh 24

URFE S A B-glucano] EFE A 14U 527}
= AT F Bk 8 g HIE S5 7he
H| 2| 2]of 4] B-glucan &] &3}of| whE F-2fm|g Hak=
gRIgH 4= glgl o, 7Rz 7dollA] B-glucan &3} E4F

S AP 247 FE 2 o] AREE gl Bls) =



68

o (b)

Control

B-glucan Control B-glucan

Drought (-) Drought (+)

—_
(2]
-~

J.H.Shin et al. / Ecology and Resilient Infrastructure (2023) 10(3): 64-72

'Y YT

Control

B-glucan Control B-glucan

Drought (-) Drought (+)

a mm—Control
a == p-glucan

b b

Leaf length (cm)
o - N w & o o ~

Drought (-) Drought (+)

Leaf width (cm)
6 2N v & oo o o~

= Control
== B-glucan

b
b

Drought (-) Drought (+)

Fig. 1. Changes in phenotype and leaf growth by 3-glucan soil amendment in sweet potato under drought stress. Sweet
potatoes were grown in 3-glucan amended soil or normal soil. Drought stress was treated by limiting water irrigation
for 14 days (a and b). The pictures were taken before and after drought stress. A black bar indicates 1 cm (b).
Sweet potato leaf length and width were measured during drought stress (c). Error bars indicating standard errors.
The statistics analysis of leaf growth showed no significance between normal and (-glucan soil amendment.

0.5 | —e— Control Drought (-)
—v— B-glucan Drought (-)
0.0 | —=— Control Drought (+)

—O— p-glucan Drought (+)

Water content (water/soil)
&

0 2 4 6 8 10 12 14 16
Day
Fig. 2. Changes in soil moisture content by soil amendment
with B-glucan under drought stress. Sweet potatoes
were grown in pots with soil amended with 1% B-glucan
for 14 days with or without water irrigation. Pots with

soil were weighed to calculate water content during
drought stress. Error bars indicating standard errors.

FAEE e geld = AT (Fig. 2). o]= A7t
Aull Al B-glucan EFEgo] Eofe| =2 Fa o =
(o)

A FAAZIAL Ve

HojEh

3.3 B—glucan
_I___rL|:||. olo
2x

© 9 o) SRS 2o /1A L Bl

can®| EQF &gk a1t Qlo) A OHX‘ el 9F
= TR 3kt (Fig. 3 (). HH Al7tof elof A
S SA6IE W, A=Y J—} B-glucan EFE
Foll A ABSAIX ALt 912 7HE v A 2] 2ol A A
2ok Abol & UEhA] kAT, 7ha A9 =4

of| A B-glucan EFFESFL F20% =2 4502 I

npolo] B 1051 A o & 3ol w|¢lr)(Fig. 3 (b)).
o] A3z Brglucan®] EFEFo] HelE §3) w0}
AR S ' gl frefniet 9= 3=

2 ofugick

[©)

3.4 B—glucan EAL=30]| L=
H*—ATPase

B-glucan O] EFEqt} 7 AE |20 whE a1t
uke] 29 AgAet child W WskE Ak
Aol HEAE AT A 3
S WAISHL A 220 S A5
8k 8hal 9=, 7L Foll A= PM H'-ATPase ¢} o}
Folx Y PIP2E 242 12} -5 L2 gul B
Lo Fag @.%% wFd5har 9lok Western-blot 213

wr wistS Skelak A, 7k )
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Fig. 3. Changes in electrolyte leakage and relative water contents of sweet potato leaves by (-glucan amendment
in soil under drought stress. The samples were harvested to measure electrolyte leakage (a) and relative water contents
(RWC, b) after 14 days of drought stress. Error bars indicating standard errors. Statistical significance was analyzed
with SPSS 20 and P<0.01 is indicated by a double asterisk.

100 kDa | ¥ 'b M% PM H*-ATPase
1 173 072 089

28 kDa | s e e s PIP2
1 199 1.41 0.79

p-glucan - + - +

Drought - - + +

Fig. 4. Westem-blot analysis of PM proteins in sweet potato
under drought stress. Accumulation of PM H*-ATPase
and PIP2 was analyzed by western-blot using against
anti PM H*-ATPase and PIP2;1-2 antibodies. The PM
samples were collected from shoot of sweet potato
grown on normal soil or 3-glucan amended soil under
drought stress at 14 days. The protein band density
was normalized to compare relative accumulation using
iBright calculation software.

A 2] z710| A PM H'-ATPase @ PIP2 2] W5 & =
B-glucan o] EqFE3to] o3| & 23] SVt (Fig.
4). T3 7hs Ae] 2710014 B-glucan &) EFEFS
UWHE F Al Zo]] H]3f 352 5232] PM H'-ATPase 9]
S yebich vhd, 7k A 2] 9 B-glucan EF &
ool ofgt atufe] PIP2 o) 'k o] v] St E o &0
H]3f] oAl 32 2RIkt o] Ail= 7ha vl A 2%
2o A B-glucan E2F&3to] ©]3] PM H'-ATPase 4
PIP2 9] W& o] S71=|A|9h, 7TRa 2 7ol A= T A o]
ol ek o) S| thEA v 4= S =
otk

AP PM H'-ATPase L% H3Hs gelstal
A} 715 He) 5 npvlel A AU S 35319
=

t}. 15t0ke] PM H-ATPase characterization testS

60

=
[=
s T
o
5 50 - ;L
—‘m
E T
o 40
[
S
E 30 4
=y
z
T 20
©
@
©
£ 104
<
h
X ﬁ
= 0 _ _ ' ' _ _
o
» > < Q ¥ o>
Q > 2
§ 5 O A & =
Q @ & v & +
s ~ A T

Fig. 5. Characterization of PM H'-ATPase activity in sweet
potato. PM H'-ATPase activity was measured by limited
application of metal ion substrates, detergents and ATP
or by addition of the ATPase inhibitors vanadate and
KNOs. The experiments were triplicated with three indivi-
dual PM samples. Error bars indicating standard errors.

AR A3}, 540l (metal), AHZ/I A, ATPE]
o) 2J&fl PM H-ATPase A %7} 2H2} 55.45 %,
22.69 %, 71811 93.31 % 71438} © 1, vanadate o]
OJ5l} 78.18 % Z/J &7}k ZH45H3ith KNO; #{ 2ol A
o 2ol vlsf 92.43 %2 D=5 YEriTh (Fig. 5).
o] Z3He T7te] PM hfe] £ (purity) 7} of
80% o] Ae] 520 2 B BA 0| Al EES Hhug

A~
% 9lie

7HE vl A E] 204 UHEESF 9 B-glucan E3E
oFe] a1tu} A Z2] PM H'-ATPase A =7} -3-2]u]
St 2Jo] & YR R] QEIAITE 7HE 24 ShollA] Lht
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Fig. 6. PM H'-ATPase activity changes in sweet potato
by B-glucan soil amendment under drought stress. The
PM samples were collected from sweet potato after 14
days of drought stress. Error bars indicating standard
errors. The experiments were triplicated with three indi-
vidual PM samples. Statistical significance was analyzed
with SPSS 20 and P<0.05 is indicated by an asterisk.

EF AZ9 PM H*-ATPase == 7R A
13} 50% =50 & 74 (Fig. 6). 1L}, B-glu-
can @‘QE%H MEL 7Ha A E] Slol|A] YUHtESF9]
A of 1]3 0k80% =2 PM H'-ATPase =2 §
A8}t o] A= B-glucan & EFERt0] 7 AE
g 2o 9J3)] -F-=E=PM H'-ATPase 49 A4S
A X 7]= 57} 9l HolE.

4, 1 =t

B-glucan¥} g2 Hjo] @ FE| W= 5 ke =
B EEE AJATE| T 9lom, uto] @ Eeju) o] AJAL
/H tﬂ:/k]- 0#?——0] Ea) “E]_L lr,]-_ 3]%]\:!]— o]-xlp]-x] =
912 9lat ulo] o Fe]u]o] 5§ ol o}4) NStk
2 137 AP AL I3 vto] 0 Belo] 8714
Lo A B} AR o] ] 2] RS Q A ZHE FhHl ]
o2 Bhyolof g Al Al ol A vho] 2. Z e ule]
3 B35 u Q)t} (An et al. 2018, Lim et al. 2018,
Jeongetal. 2020). 71 7:‘1_} 7HE d 2L 0 A
A Hlo] 9 Zaju o] 22E 1 o8] 2y} ul 2ol Fat
o] A1 Aol §oIT £ 212 § A1 A3}
£ 3F015}9it} (Lim et al. 2018, Shin et al. 2020, Shin
et al. 2021). ©] @1?5—94 Al of| A vfo] @ Z]m ]
THGESFES T 1Y *Eﬂﬂi ol uE AL
Tate] HhE-2 EASRaIA; = T3Y5HA| = Ak
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TR P AP, Qb EoFe] Ml R
e o] 93 gz @Ao] LehgtA e -glucan &
FEF] ofh 912 Bigo] A AT BT 4= ek
ShAJuk B-glucan] 8379 Jrglo] 1491749] 7
= AEd|s S0k 7uke] G 4B RS Ao

Al wiskatA] eiglet (Fig. 1). o] Ak a7tute] 43

L

Olf

ol A|AE 420 7ha2 oAl B-glucan 9] 9127

T A A NS BojE) Ak Aulehs B4
T e B-glucan @] E o] o] sf) URFE o] ulaf
7Rezsto A=A fA1E S B ol53let (Fig. 2). ©]
A2 14 520 7HEA 2ol A, B-glucan EE
o Qlaf ﬁ%—@‘#l‘n’ glo] a1tuto] 71 T s
2ol Egro] & AlAREHT.

7he SEH A JJ Bl -2 ALtk QoA W aske

S, 7= A 2] ¥ B-glucan 2] £33} o] L= y171m} 9]

o A 2ol & YT 1A A Lokt (Fig. 3). L
2L 2t Qlo) A - oS B-glucan O] EFE
el sl Fojulet = o 2 A FAE = E4lstkel
o} (Fig. 3). o] 2352 B-glucan & B4} 7|&0|
220 Ao S-S FFS HAH 7 AE
gl 2of b | = A A4 o] HE gl Ak of 7] o

% glee ofuier.

718 2B elo]H A me) AT AE ] 4
8018 P A9 e RSk, Th 5
chilzlSo] Al WeolRe &, o], 18 g4
(solute) Q] =& ulj 7 3kc} (Kim et al. 2013). 0] S0
A, PM H-ATPase = 1 355 550 152 Al

813l £3] A2, 7ha, o] AEH A Aol A whd vt
S Ao Al B Ao FEISt A = A EHA
21tk (Kim et al. 2013). oo}z 72 AHE 2o]of| w}
2F A2 QR 5 Eoh= Ald T dolm <l
Absl Waakg, 8|3 e 24 7|12 el R
% A £ 2 Aol (Maurel et al. 2015). o] 23 Y
FA A S0 EAS IAR A B THEAES
2 S e 4 glom, B AtoflA] 42883t 3
-glucan @] EQFego] al-tuf 7Hg AE g Ao tigl 1
A =S Hrle 4= 9= WA A3 (bio-indicator) =
-85kt

H]7H2 27 o] 4], PM H'-ATPase 2} PIP2 0] BH& 2
B-glucan EFEgto] ol W 4=5=0] zobXth (Fig.
4). o] A= B-glucan©o] EFO] 45 B 58S =9}
FAlol =8 Y dut o ke of) RS ]| aL ¢l
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-5 UERAT 7ha AE# A 2710]4 B-glucan o] &
e 17uEe] PM H'-ATPase o] W&l 7Ha &
Z1o] durgEcko] MR} of w4 §A3H L, o]

PM H'-ATPase S W3t} FASHA Yebyct
(Fig. 6). 3L, 7HaA 2] stol| A /e ek it} B-glu-
can A1Z2] PM H'-ATPase =7} FA == A2
7HE AEH A 0ai7h A E 5= LT Fig. 1
of|A] Hoj& F9 ol 77 X A1 7Ha 270l
A PM H'-ATPase 2 &= §is}o| gt A= o] thl
o] Al o] YEH S Uetl= 58 A S S5l
ZF9th(Ohetal. 2014). AL, 71=, 224, 1811, 1
A AEH A slof| A A1 E2] PM H'-ATPase 4=
7t o= AL & U A 910, polyamines 2} 2
S AEREA ] B Alo] Bl Eogltt (Janicka-
Russak et al. 2010). Z12]31 PM H'-ATPase 2] 24|
9]t kx| S35 (proton motive force) 2] kS W=
NHX1 Tz o vhg o] a1pute] 7 AE| 2 W /d
S FFAFAIZ] A7) BarE B} Q)T (Zhang et al. 2019).
o] A+ B-glucan 9] EoFEgto] a1nte] 7 1
off 4ol S84 Y vIRlE B HojEth
2, B-glucan ] J3F 0 &2 7RFAE | A Slof| A A
2 6 2 g o] A PIP2+= opbe W 322H8-0 & Q)
r AP A Y 27 HAPS A o7 5 (Fig.
4). F7HH o &, 7hd e utol A A e I E o] @ Ee
o EFegtol| w2 PIP2; 1A @ A el ar+ta}
O] PIP2 ©Hii A o4l Zoko] TUsHA At Ae &

o15}SITh (Lim et al. 2018). o] Auh= FAFE AR A
EfAsto A AL Q& o] fE 5= AS A

517|912 PIP2 o] WA S @ gt o] S AR B
QIth(Lietal. 2011, Wang et al. 2020, Kim et al. 2021).

5. 2 B

B-glucan &3} Eofof Al ASAIZ] dltuk= bz
o vls] ok 7R AEH L wEE HolF of
- A= viol e &2 H Q) EokEgt 7lwo] 449
A B w A ol o] Hle A HolF
om, 7hau] el Aol et whehe] £ = A At
o] A=) 2] vastel g up cha o) e WskE T4
33l o] o] A 9 Ak o= yE
Hpo] & 2| 9 5-8-7] s l et 2 et AA7F 2 A
olH, =] o)A A2 7] 7| JHRE B8
o] 7Fs AL R Hl.

ZAte| 2

B ATl FELER BuA A (RN
18AWMP-B114119-03)} 2023 550 A] (345
8|21 tem)1) oo} 34l e et 713l X Rkl o) 4 2
o] o3 o] 2oj7l ATE ofo] ZAP=F LT
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