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Abstract

B-Glucan is a natural compound contained in cell walls of yeast or fungi, and cereal’s fiber. It is also known
to boost the immune system in human. Aureobasidium is a producer of water-soluble 3-1,3/1,6-glucan. In this
study, natural killer (NK) cell and macrophage activity were tested to investigate the effects of [3-1,3/1,6-glucan
isolated from A. pullulans on immune activity. Activation of NK cell was increased about 63-39% by the treatment
of 10-200 pg/mL (3-1,3/1,6-glucan than control. Besides, only 10 pg/mL of 3-1,3/1,6-glucan was enough to boost
activation of NK cell. Phagocytosis of macrophage was increased to 15~21% by the treatment of 10~200 pg/mL
of 3-1,3/1,6-glucan than zymosan-treatment. In LP-BM5 proliferating inhibition test, relative mRNA level of LP-BM5
virus was decreased in [3-1,3/1,6-glucan-treated cell about 36~74% than control. The decline of LP-BM5 mRNA
level appeared to depend on the concentration of [3-1,3/1,6-glucan. These results suggest that pure [3-1,3/1,6-glucan
from A. pullulans might be contributing to enhancement of immune activity through the activation of NK cell
and phagocytosis of macrophage. Moreover, treatment of the 3-1,3/1,6-glucan could increase the resistance to virus
infection such as LP-BMS through the restraining of the multiplication.
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(1,2). viAle] Aot 2 X8 &3 T2 Bglucanol] 2|3
W75 3 &l 7|1ske o2 delA eG4,
W 2] S7HERE opu e} e s}, A ste] a3
. EEZE Miceol A
IN1) QNEF<=} Ao oz
xyleneel] ©J3l =¥ F74 d5o] Fd] dagth= A+
Y= Bugo] tke,7). B-glucane ol&d H77)%
21 gL AR ok IR W o), Pl SlolA] wl=
21 Z- o] oF=obA A (FDA) 4] GRAS(General Recognized
as Safe, GRN No. 413, GRN No. 309)% 2141ty uwfj Fof,
A AR R AFH7REET ofe} 75 A% 3 3
o 97 Toz gy olg¥a Utks-10).
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B-Glucan®] & X =(glucose)©| B-1,327%}, B-1,4273,
EE B-1L,62% o2 FAE ERE FAsH, HA,
B T uAES ME e Alare]e] thdRol i
UAUAL12), B, At 22 F259 Aoldfroll 2%
sefltta deiA Ath13). shAIRF 4= #22] Bglucan
< i Ak Algto] 9la, MAlS] B-glucan 3 =
o] ofH 23 =& 7P o R Qlste] B Alke] ik
th(14,15).

Aureobasidium pullulans= 25 etal 4 e
2 FeAola e HrE 2t EAlgo] 2e(eF |1
kDa) B-1,3/1,6-glucans A3 st=t, ©] B-1,3/1,6-glucan
A2 AT 2F ol & Alsk=Tl Bt itk By
o] 2Atk16,17). B-glucano] MG A Al n|X & ZE2 <]
FaFol gk A= Bglucan®] 5ol F&A|Q1 dectin-1
(DC associated C-type Lectin-1)°] X5 WHA] 7143} 5] Q)
TH(18). Dectin-1-> 1A of] FhodS}+= pattern recognition
receptors(PRRs)ll 4517 €5 A5 o] Sol4d e
A2lste] detete 54 Z2Ea o] o] Zte £
598 FHEskA] @k ohekst el WA E wEA Q14
& 4= glth(19). 221 22 Dectin-1< 4] &o|u} A, F30]
T O o 7oA A== Bglucandl] k1A 7}
7F&3}th20). Dectin-1 receptor= neutrophils, natural
killer(NK) A %, BAIZ 2 TAHZ 52 WY Al FojA 2
o] gRIFUL 1 Lol thFet AlE B A oA FHE
SHA| o] B UTh(19,21-23). 2 A= 74
< cytokine?} chemokine®] A4S Fdted FH th2
dendric cellDC), A E B NK Al 22 S-S E314
A MNEA WA A Qg WA 27 Aoz de
A 5 e tig WA A7} Wigksta H wskA w-g-
T Ul REETH?24,25).

LP-BM5 dE&ZH}o]# A= MAIDS(murine acquired
immunodeficiency syndrome AIDS)S =38t 5314 2
S o 07]=H(26), human AIDS2] S} vj$- A}
el ol ATyl A RdE g AREE o] gttt
(27,28). LP-BM5 g Ezupole] 27} A E a1 S4]8H] o
™, human AIDS$} F-AFSHAl CD4+ T-A] E(helper T-cell)2]
71s 8 wEL, AT E e STUMA dutd e R
HH LRI nlA B =2 AS W AxbeS ST
TH21).

wabd B A7E 3398 4uR A pullulans EHE
=9 B-1,3/1,6-glucano] W Aol W= FFS Lot
H7] 98k, B-1,3/1,6-glucan A 2] F W< /o Fofst
= NK AZ2Z} th2 A 20| S =S AT B3l o]
B-1,3/1,6-glucan A 2] & WS B3
Hpolg] 29| Ha) Href Wzts %

lo

2
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Mz 2 dh
B-1,3/1,6-glucang &

B-1,3/1,6-glucane A pullulans®5-E] Kim 5(29)2]
W&ol we}t FEte] AT B-1,3/1,6-glucan®]
2 Czapek A ¥j#] 20 mLo] ¥+ 100 mL AH2HE ek
o HZ3ke] 30CelA 72413 vl Fatich. v ol
T 10 mL& M2} 15 mL YA & FEol| #3ke] 4,000
pmC 2 103 AiliEElst] X E AAAZ F, e
5mLE 15 mL YA4EE]E FHA F3i%ich 97]¢l] 5 mLe]
e Frisle] 183 ARG T wh-g-al-S o 75l
oA Zutel] EAss ZHE FEote] A

e -

M= 2| L ot
B A8 A& 658 Balb/C female "}+-25 YA
TE(F

+

23+2°C, AHEE 50£5C FAA 15 B¢t 237
A Agof o] gttt 47|37 FoF AIN-93G 4
5455 AREA AFHEIEE Stk vAA = v~

o=
(57)(Seoul, Korea)oll A F43te] Wt 12417 &%
371
2l o]

So i e mol

[¢]
H| o 2 RE FE3l] AFESIRIT vl B[S Fat
2 0 2 ZAZ3}o] Roswell Park Memorial Institute medium

1640(RPMI1640) -9 © 2 A2 Thg 7PF A Eafste] A
£ Azt ZeE AE dAG9YeRRE  lysing
buffer(Tris-buffered ammonium chloride; 0.87% NH4Cl,
pH7.2)E o] &3le] A2 | ASta thA] RPMI1640-2-
Aoz MH gt T, 10% fetal bovine serum(FBS)(Hycolone
laboratories, Logan, UT, USA)7} %7} RPMI1640°] &€
skl ARG-SEITE Aol AFEEF Yac-1 AE, SC-1 AlXE
2]l RAW 2647 A= American Type Cultured
Collection(ATCC; Rockuille, MD, USA)ol| 4] H-<F wro} A}
431993, YAC-1 M= 10% FBS, 100 mg/L penicillin-
streptomycin(Hycolone laboratories, Logan, UT, USA), 2
mmol/L. L-glutamine(Hycolone laboratories, Logan, UT,
USA), sodium pyruvate(Hycolone laboratories, Logan, UT,
USA)°] ¥3H RPMI1640S ©] 83199, SC-1 A|E<}
RAW 264.7 A|3E= 10% FBS, 100 mg/L penicillin- streptomycin,
2 mmol/L. L-glutamine, sodium pyruvate’} 3% High-
glucose Dulbeco’s modified Eagle’s medium(DMEM)<- ©]
§314 37T, 5% COclA] vl 3ttt

MEZSYH AH

96 well plateol] ¥]ZHA 9} A M E£Z 2t welld 1x10°
cells/well®] 23t} B-1,3/1,6-glucans 242} 0, 10, 50,
100, 200, 400 pg/mL FE=Z A elate] 37T, 5% CO,lA]
24A17t B2t uFst T EZ-cytox cell viability kit(tH v}
°] @, Korea) 2| Ez-Cytox-£-% 20 uLE 3 7}3laL ELISA
reader(VERSAMAXSL-20 Molecular Devices, Sunnyvale,
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CA, USA)E ©]43t9] 450 nmoll A FHE=E S 3I3ich

Yac-1 M=ol tigt Natural killer MZ(NK cell) &
g "ot

NK A 4971 71228 0 2 Vetvicka(30) 2} Seo(31)
o eJafiA xard Wl e saativh. e (it
AelshH, B AAEE 96 well platec] ZF well'd 5x10°
cells/welld B-F8l1 %A MEE Yac-l AEZ 1x10°
cellsfwell®d 534t 3-1,3/1,6-glucan 242} 0, 10, 50,
100, 200 pg/mL =2 Helak] 37°C, 5% CO, 27 djl|A
NA] 4RIt Bk vt AT M F T A 50 uLs Al E
& plate©l] #5331 Cytotox 96 Non-radioactive Cytotoxicity
assay kit(Promega Corporation, Madison, WI, USA)E ©|-&
3lo] ELISA readerE ©]-€-3l¢] 450 nmollX SH=E =%
ste] NK Al 2] SA=E gl

CHAM Mz o &35t &3

W2 A ZZ 96 well plate]] 2} welld 8x10* cells/well¥)
TS T, B1,3/1,6-glucan= 242} 0, 10, 50, 100, 200 pg/mL
FERE A28t 37T, 5% COlM 24711 F<t Hl 33
t}. Cytoselect 96-well phagocytosis assay(zymosan substrate)
kit(Cell Biolabs, INC, USA)E ]88} 450 nmel| X F4=
g 24se gAAEe BHES Slekdh,

SC-1/LP-BM5 MEZZFo|AM Hio|HA =HAH s £
SC-1/LP-BM5 A ZFZ 6 well platec] 8x10* cells/well¥
o] 4x1zE Pt & B-1,3/1,6-glucan= 712t 0, 10,
50, 100, 200 pg/mL == Zg]sted 37C, 5% COxoll A
24417 Fot v ket RNA 52 $13F9] RNeasy
extraction kit(Qiagen, Gaithersburg, Maryland, USA)Z A| 2
Ae] protocolel] Wet A -S x1e)ets] o, cDNA &
213k iScript cDNA synthesis kit(Bio-Rad Laboratories
Headquarters, Hercules, CA, USA)E A1-8-3131th /A4S
o] W& S =43}7] Y3ste] SYBR Green(iQ SYBR Green
Supermix, Bio-Rad Laboratories Inc., PA, USA)2 ©] 83t
AAIZE & PCRS A8 AL, 7171 Real-Time PCR
(Applied Biosystems, Foster City, CA, USA)S AF&-3F31 T}
7} 7 Ake] e GAPDH Al Hd e B3l vl
B389 2L Aol AR8-¥ PCR primere] 47141 <€-2 Table
17} 2t} Real time PCR RH-8-2 3 20 pL Woll ¢cDNA 2
pL¢} 2X SYBR mix 10 pL 3 7}8F3 . Forward primer<}
reverse primer= 212} 100 pmol/uLE 1 plL2 H7}3F5 o,
U A& H02 AHFA 5ZF cycle 40 cycles A4
atlom, 5% WAl= v 2k Hot stats 912l 95°Co
A 108, 5Z A9 denaturations 95TolA 15%,
annealing< 60°CollA] 13 30%, extensions 72 CollA] 30%
ZF dr 85| 7} cycle?] extension F-of| Fte] 7] =% ATt

A23d A62 (2016)

[e}
melting curve 412 AAISFHTE Aol £4-2 Applied
Biosystems©l| 4] A3} One step system software v2.1 2
A5t

Table 1. Primer sequences used in real time PCR quantification
of mRNA

Primer names Primer sequences
GAPDH_F 5" CAT GGC CTT CCG TGT TCC TA 3
GAPDH_R 5" GCG GCA CGT CAG ATCCA %
LP-BM5_F 5" CCA ATG TGT CCA TGT CAT TT ¥
LP-BM5_R 5" GCG ATG AGC AGA GAG AGA AAG ¥
SHXE

2 A= SPSS(Statistical Package for the Social Science)
version 20 L2182 o] &3l BAEgon RE =4
ZA 3= 3 (mean)+ E 5 2Kstandard deviation, SD)&E &
Alstath 153k BA4 #7<9/d < Duncan’s multiple
range testS AAISF M p<0.05 F<Eoll A frelde of
£ A5skd

& A Zlo|th. 28y HA L B RE ] Bglucan BiHS of 2]
712 ol o] w27] wiitol|, A pullulanss: ©]-&-3t] Hrk
8421 Bglucans A4ketar, o] Bsol g A= 118
o} geK16). ©] AT $2lE A pulluansZHE] YA+
H B-1,3/1,6-glucan®] HAA Lol 1] X = J-S %313
=3

B-1,3/1.6-glucang| MEZZA Ay

-1,3/1,6-glucan= BZGA o} T 2] A 32e]] 24417t A 2]
3le] Al YEES S AHE Fg 13 Fg 20 YeR)
At} B-1,3/1,6-glucan 247+ 50, 100, 200, 400 pg/mL-S
23k A3}, 0 pg/mlS 100% 2 Hok-e w) v ol M=
247} 117.3+0.9%, 113.5+2.9%, 107.8+3.7%, 113.8+2.4% =
HE BEEC] 238 S7kke Y veplilen Alx
E/do] UehtA] @sket. i Al el A= 502} 100 pg/mL
A2 Az 747} 99.0+0.3% <} 97.7+1.9% = 0 ug/mL+ 2}
ARl Apol & Ho|x] 9kTh AR 200 == 400 1
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gmLAME 96.4+1.1% = 769+1.7% = Fr2] 291 2jol &
Btk & O g 2324 E A8 ttestE A SATh
7 A7, 200 pg/mLell A= 0 pg/ml Hwaslg o Qb
A7} <k 4% = AA Zol7} glol BAo] fle A= Bl
F27t gl 2oz 2151, 400 pg/mLelAl & o 713]

o)Al Afo]2 HYlomR HEEHo| 9l Hoz Fth
shath wepd] B ATl e AT S40] e e
9190 200 pgml & AN EER o] §3ie] MY B4 =4

= #7383t Hoffman(32)52] 7o w29 fungal
-glucan< 500 pg/mL ©|3le] FE=2 A2]3S u tumor
necrosis factor-alpha(TNF-a)7} E43}e 11, 1 o] 115 %
2 Aglshd 258 TNF-a] &4 Al ettar a3t
A A Eol] Be %] Bglucans A 2]8ke] & viabilityol &

a®
b:
50 100 200
B-1,3/1,6-glucan (pg/mL)

Fig. 1. Effect of 3-1,3/1,6-glucan on cell viability in splenocyte.

Data were expressed as percent growth rate of cells cultured in presence of (3-1,3/1,6-gucan,
compared with untreated control (0 pg/mL) cells, taken as 100%.
All data are presented as meantSD. Means with different letters are significantly different

from each other (p<0.05).
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Fig. 2. Effect of B-1,3/1,6-glucan on cell viability in macrophage.

Data were expressed as percent growth rate of cells cultured in presence of (3-1,3/1,6-gucan,
compared with untreated control (0 pig/mL) cells, taken as 100%. All data are presented
as meantSD. Means with different letters are significantly different from each other
(p<0.05).

A9 Je)A) ekgkr] Wl Rol, o] & Aa)7} Bglucans]
24 YRS oz SAA R, B AT AoNE 4]
A Zo 1529 Bglucan®] *12]7} viabilityoll & 3FS ]3|
= Qo vehydth o A7k Bglucane] HA Wolut
A L] e 5ol FoldlA] 71918 Aoz ek,

B8-1,3/1,6-glucane| xzloll 2|st NK Mz &Ms|
NK M EZ2} Yac-1 A|EE 2ol ueFste] 3-1,3/1,6-glucan
o] Azjel wpe} NK A2 el nx|= 3= BEsiltt
(Fig. 3). B-1,3/1,6-glucans A 2] &}A] @& th 272 Yac-1
A Eo] Apd B0l 32.6+3.6% % LFERSETE whH (B1.3/1,6-
glucans 247} 10, 50, 100, 200 pg/mL 28] g+ +& z+z}
53.142.6%, 51.2+4.8%, 51.6+2.6%, 45.3+3.6% = }E}SIT}.
%, Yac-1 Al229] AFE o] dlxtol vlste] 247} 63.1%,
57.2%, 58.4% ~1¥]1L 39.3% Z7}et9eS HolFEt) o]
A= B-1,3/1,6-glucan®] A 2]seol] o242l 435 K
o] A& ol ARk B-1,3/1,6-glucan®] A g]ol] &) thZtol
Hl3l o]z oz gAido] Frtstl &g Boerh 22y
10, 50, T 100 pgmL=E A 2]dk 2 Ft o 2%= thx
ol Blgl 63-58% S 7Fet AZE YERAAIRE 200 pg/mLA]
glgt Ao A= 9 45% = dl3tol| vldl] ©A] 2F 39.3%

= S-S O

=718 Bt
¥ at 2t
I I I |
10 S0 100 200

B-1,3/1,6-glucan(pg/mL)

80

1

control

g 2

NK cell activity (% cytoxicity)
[~}
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Fig. 3. Effect of 3-1,3/1,6-glucan on NK cell activity.

All data are presented as meantSD. Means with different letters are significantly different
from each other (p<0.05).

NK Alxe] 2= 45 93 Yac-1 A2 A&
ZAF A, B-1,3/1,6-glucane] gl ofal fre]d o= o2
Alze] =7t izt vlste] oF 39~63% 7o
Ho]FQt} o] & Bglucan©] NK M| Zo|A] B = 58
A GAdslol oal] 1 EAdo] T olxle] Haele
dx)she 27= Yehdokl,12). 284 10~100 pg/mLE
A2l gt T2 Yac-1 M| 2] APE&o] it oF 2% F==
i zatol] Blste] 59% F7HE AbEE B3, 200 pg/mLell
M F45%= APEEo] TR 39%4F SUelsln) o Azt
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= B-1,3/1,6-glucan®] A el= AAH o2 U272 v wst
o] NK Al 22 243} A|7]A 9 10~100 pg/mLE =] 2] 3k
T2} Bl S 200 pgmL A2l g el A= <F 13% 7Hagh
G BAFACERE, 10~100 pgmLe] FE=E A 2]35k3]
< w B} 200 pg/mle] FEZ XS uf NK A2 24
o] Ag)EE AL on]al, NK A|XZ2 A3} st 3lo]
AAAQ F3HE 10 pg/mlollA E3HEASS HolF)

B-1,3/1,6-glucanoll 2|st cha|Mze| &M5}

B-1,3/1,6-glucans A A2 2t T2 X239 S
o] thA A ] A28 RS thFg. 4). WA A
2= FA3} A7IE Ao 4EF zymosanS HETFO R
o]-g-3l7] gl3ted, tal Al el zymosanS *2]5F] zymosan
o] thA M &2l DdskE AT B3, zymosan¥)
inhibitorE #o] A 2|3t T(zy+in) o4 zymosanS 2]
gk T(zy) @ Hlwg A3 G250] AAE= Ao, g4
9] €25 DA 3= zymosan] 98k A0S &9l shsiTh
zymosans A 2|3t Aol E4E 100%2 St B
-1,3/1,6-glucanS- 242} 10, 50, 100, 200 pg/mL 2] g+ 3}
H w3l S o], &2 282 247} 115.120.8%, 117.3+1.4%,
120.0£1.1%, 121.5+09% = Fo] A o2 F71ala= &<l
3T} B-1,3/1,6-glucan®] A 2§ %= 10~100 pg/mL7HA| &=
X 9]F2 0|9, 100 pgmL F=2} 200 pgfml = 7t
AME fFoAQl Aol E HolA] gt

= a*
120 o* b* = -

80 | er

Phagocytosis (%)
[ L]
%

control in Zy-Hn zy 10 50 100 200

B-1,3/1.6-glacan(pg/mL)

Fig. 4. Effect of B-1,3/1,6-glucan on phgocytic activity in periomeal
macrophage.

Data were expressed as percent growth rate of cells cultured in presence of [3-1,3/1,6-gucan,
compared with treated zymosan (cell+zy) cells, taken as 100%. All data are presented
as mean+SD. Means with different letters are significantly different from each other
(p<0.05). in, treated inhibitor; zy, treated zymosan.

M Ze] &= 10, 50 100 2 200 pgmLe] B
-1,3/1,6-glucans A 2]dt A3 Aelsid wpet 247t of
15.1%, 17.3%, 20.0% 18] 21.5% =7}ttt 28u
10~100 pg/mLe] FEelA = BlEsHAl =7 S718HA
A7, 200 pg/mLe] FEOAAME F7HEo] BTt oA

A23d A62 (2016)

AAA) KL 100 gL A2]F oA E3HE el
& ViehiIth b 200wl FEE A T 7H
Az T4 5ol Hol A el 100 pg/ml S
ol gah= Zlo] AIA o & 74 SWelq e Aow

B8-1,3/1,6-glucanol 2|8t LP-BM5 H}o|2{A ZF4|9|
of %

SC-1/LP-BM5 A EFE o] &3t (-1,3/1,6-glucan A 2]
Al LPBMS Hlel# 2 BAl| oAl's Z2HE Fg 5o YeRiS)
t}. LP-BM5 23S GAPDH 23 &k} v walo] 7 2k3}s}
Atk B-1,3/1,6-glucans A skA] & 2ol HdAS
12 39S W, B-1,3/1,6-glucanS z+2}+ 10, 50, 100, 200
pg/mL A 2] gk ol A ZHz} 0.64+0.00, 0.51+0.05, 0.40+0.00,
0.26+0.002.2 oA o2 o] HAasth 53] v =
olzA o 7 g o] 7hAhdle] LP-BM5 Hiol2] 2~ Eajo] o
A7 200 pg/ml. FEZ A Al 7P & &35 Ve
ATh LP-BMS Hlo|#] 29| B4l 52 B-1,3/1,6-glucan®] *]
2o me} FA AT Btk gt vlolg| s HA)
52 12 BHS ), B-1,3/1,6-glucanS 10, 50, 100, 200
pg/mL 223 Foll A 2+2} 36%, 49%, 60%, 12 3L T4%H
728tk o] Z3bE B-1,3/1,6-glucane] W EFH S 2
#3h= LP-BMS Heole] 2 ghdof digh wWojdl g a2 4]
200 pgmL T=7F 7 ERALE & F Atk o]
A2 ol M= =4 B-glucan®] LP-BM57}F 741 ¥ mice
oM &xtel sl AE Hol Arh33). AR A
pullulans 2 5B 22 E B-1,3/1,6-glucan®] &3} 2 A
7} A Hol= AL, St 7R 7t ofu e} thEFAA
o] 7Fs3sb7] wWitell FEA-8-8l X = 77} Hrha
st

12

0.8
0.6 -

04

Relative mRNA expression

b*
c*
I |
I eﬁ*
10 50 100

control 200

p-1,3/1,6-glucan(pg/mL)

Fig. 5. Effect of $-1,3/1,6-glucan on genetic expression of LP-BMS
virus in SC-1 cell.

All data are presented as mean+SD. Means with different letters are significantly different
from each other (p<0.05).
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o o]
I =

B-Glucane E U HAlo] AlEHoly &2 4fd
EodE HA 3lgEo, W Al AElS EA3) dtia

A A ST} Aureobasidium pullulans 8732 B-1,3/1,6-
glucan< Al & A= A pullulans Z5-E] A%
H (-1,3/1,6-glucan®] W&ol #Ag FHE AL
sk, Hedg el #odat= NK A=) 2793 th2l A=
o 2= FE FASIATE NK Al Zel| 2] Yac-1 AlE
o] APE &L B-1,3/1,6-glucans A 2] 3t T2 A 2| ehx] &2
o 2ol et 63-39% S71ehs Ao 2 e,
A Zo] &2 2H8-2 zymosans A 23 HEU} 1521% 57t
= Hith LP-BMS5 Hio| 2l EA] oA 52 Rls}7]
9)8ke] SC-1/LP-BM5 A £l B-1,3/1,6-glucanS %] 2] 3+
A3} 200 pgiml # 2]l A] LPBMS Hbo]2] 2~ Ba] o] )
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