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Abstract

In this study, we evaluated the antidiabetic effect of a submerged culture of Ceriporia lacerata mycelium (CLO01)
on hematological indices, as well as protein and mRNA expression of the insulin-signaling pathway, in db/db mice.
After CLO01 was administrated for 4 weeks, blood glucose levels decreased consistently, and plasma insulin and
c-peptide levels each decreased by roughly 55.8%, 40% of those in the negative control (p<(0.05). With regard
to HOMA-IR, an insulin resistance index, insulin resistance of the CL01-fed group improved over that of the negative
control group by about 62% (p<0.05). In addition, we demonstrated that the protein expression levels of pIR, pAkt,
PAMPK, and GLUT4 and the mRNA expression levels of Akt2, IRS1, and GLUT4 in the muscle cells of db/db
mice increased in the CLO1-fed group compared to the corresponding levels in the control group. These results
demonstrate that CLO1 affects glucose metabolism, upregulates protein and gene expression in the insulin-signaling
pathway, and decreases blood glucose levels effectively by improving insulin sensitivity. More than 90% of those
who suffer from type 2 diabetes are more likely to suffer from hyperinsulinemia, hypertension, obesity, and other
comorbidities because of insulin resistance. Therefore, it is possible that CLO01 intake could be used as a fundamental
treatment for type 2 diabetes by lowering insulin resistance, and these results may prove be useful as basic evidence
for further research into the mechanisms of a cure for type 2 diabetes.
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1ge] Al 28 Frgoltks). Al Aol o 8E= A+
i A 54 2 dedAAs 9 -9 23]
AR em AEG, =54, ATsUt 59 FAES
sl7] wjiel o] HAs) st WS TEASRE
5% 7 Jde €9 Ast &A1Y o] Fastthe).
¥ =3 %A (GLUTS, glucose transporter)= 14 & o]
| 2= dAM MEZ U2 IEFS o] 5AI7]=
=23 988 43317 (7) GLUT-1,2,3,4,5,79] isoform®]
ZEA3Hh(8). 53] GLUTA4(glucose transporter )= T2 =
Aoy Az Aol A A, g FE AEZE Yol ¢
A8 AThrE Qlgdol o8 AEo g o] Fste] EETF
45 71714l ©] €28 GLUT4 translocation©] 2}
Fho-11). E=Fo] Al FrAH™ Adgdo] ErlH ]
M 3EH9] insulin receptor(IR) 2} AEsle] A3 Yol =23}
< tyrosine kinaseS ZA43} A|711, 1&d 71T A
insulin receptor substrate 1(IRS1), insulin receptor substrate
2(0RS2)°| AF3te Q14ks) Htt. o]FA <14ts) H IRS1
phosphotidylinositol ~ 3-kinase(PI3K), phosphatidylinositol
3,4,5-trisphosphate, AktS T2 2.2 14kl 9 X354
2t} Akt9] $14F8}= GLUT4 translocation Z7HA# &
35 2HETH12-16). T3 AT AE WY adenosine
monophosphate activated protein kinase(AMPK)7} ¢12}+3}=]
of AWk 4kstel & 5 £XIA17]AL GLUT4S] S
frEdte] s 2ATTH17). GLUTS fr3iz dde
A QlEd NIzl S vXE o= g9l HuoH
GLUT4 312} - o) JedAgde 3 DAz o
AZTH18).

Ceriporia lacaerata™ 77 ©] M Al & (Polyporales) +24
31 2FH Al Ik (Phanerochaetaceae) 2] WAl 02 Eajo] AEZ
22 FMAER A Blad 55 Edlshe WA R
(1922 C lacerata P2 TAHA| ] A& 28 nfo] &2l A A
(20), dimethyl phthalate2] AJ&3f(21)o B3 AT Fo] B
1 Q) oJekstA ALE O lacerata TAMA BN ==
2] Al F= FoA e s A3K22), C lacerata
TAHA] i FE-2] A2E ol x o] B} A oA
o] 71" A7 23)7F BRaHU) olof] & AFME C
lacerata 7TAHA] Wl FE2] A 23 Y sEED A9
1AL AF37] Y3t C facerata TAHA Bl SES 5=
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Azste] A 28 Gt FEoIN B, 214, c-peptide
52 BA8D, Q¢d A5 A /18 Ao f9 wud
=

! mRNA &3S B3} ch

Rz o e
A=
B AF o) ARSgE 1 F= @ETulo] 2 8l(Woarld Biotech
Co., LTD., Sangju, Korea)ol| ] B3+ C lacerata T A E
potato dextrose agar(PDA, Difco. Co., Maryland, USA) 5] A]
o] &3t 25TollA 9Y &<t v dsted AHESHAH C
lacerata TAMAE AR 4 gL, X= 20 gL, FAS= 600
= Tt TE AA vl pH 5, &% 23T, 3
£ 300 ipm = 109 B3 Aujatdth dufjeko]l 5
H AR wjSFd S AR 125 gL, EAUTE 2.5 gL,
2A] 0125 gL, BAIF 400 LS E33te] ks A uj=]
ol &7 pH 5, €% 23T, 3715 Y% 1.0 keffem’, 37
£% 100 pm . Z 9 FF vt ATt. vt C faceraia
AR HFES 55 JRCL0DE Az T3 7S
2 7} Ao &3] A ARSIt A AHeE
metformine TFEulo] 8l AK(Glupa Tab. 500 mg, Seoul,
Korea) Z5E] 7-93}] AM8-3}%]3., GLUT4, IRSI, Ake2,
beta-actin primer= A= (Daejeon, Korea)oll A U3t
1, p-IR, p-PI3K, p-Akt, p-AMPK, GLUT4 &3] 2 71 9]
A]¢F-2 Sigma Chemical Co.(St. Louis, MO, USA)ol| A ¢
sttt

M= HjQF ¥ GLUT REX Hsd =3

GLUT4 37+ HdS Hrtstr] Aal w92 2542
(C2C12 myoblast)E American Type Culture Collection
(ATCC; Manassas, VA, USA) S 2 F-E] - dlo} A}-8-519)
T}. C2C12 myoblast 4| ES 2x10* cells/mLE 10% FBSZ
2743 115 %= glucose(d.5 g/L) DMEM Hi A9 A 37°C, 5%
COE ZHE CO, miF7IollA 72 AlIZE Bt v et A=
7} ¥ 80% confluent 3 H S W} 2% horse serum®] H7FH
DMEMH| A2 083t & 4U7F v dste] 2{AEE 23}
3l tH24). £318F A EE 6 well plate®l] 1x10° cells/mLE
B3k CL01S 2+ 100, 250, 500 pg/mL=Z A 2] 3]
24X 7 Wi & MEE FASIY PCRe T35

ASIEE 4 AETo B

& 5FHY 47 C5STBLKS/)-dbydp vF$-2

(Central Lab. Animal Inc., Seoul, Korea)S ¢ 3led 797+

3R] FH A ARSI T8 &% 2343, AU
=l

Ju

=
AT AR EES ACIAT 3utkE] o]&tE x| et
Aoy, Ad7|7F 9 AFE+ Teklad certified
irradiated global 18% protein rodent diet(2918C, Harlan Co.,
Ltd., Indiana, Indianapolis, USA)E A Folataal, 25
© A3E A BATE AFEA AAANAH
7 AT sviEy A g9 St 7 o] Hat
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kel #5skA HEE 729 A e ok AT
S AN Z (BT FAHE S (Daihan Pharm Co., Ltd., Seoul,
Korea))(G1), CLO1 300 mg/kg F47+(G2), 3t (H]
E X1 300 mg/ke)(G3) 2.2 TAst] 4537+ ARS8t
CLO1 F& CLO1-S A8 (Daihan Pharm Co.,
Ltd., Seoul, Korea)oll =& A+ Fo& Ed9} FAE
ol43}e] 10 mi/kgS Folshla, SAMETT Pz
T A7 FUT §YO| RFAEFG BFFAHEF
=9 MEFVE AT FAS 45 B F 13 A%
2 AYS Sk FL VPRl P A
o} glucometer(G-Doctor, AllMedicus Co., Ltd., Anyang,
Korea)2 SA3H3TE S EAFS A7uto| AlH TE4
3 5-7] 9 ¥ 3] (Institutional Animal Care and Use Committee,
IACUC)®] =41 stell 35kt

EAYEEH XE =Y

AY T3 5 AHFES 447 H2A]17)2L isoflurane O
2 vt AES & ool dos AFH AT A
Z g FAE- clot activator’} £ 0= vacutainer tubeol|] %
o] A-2oA 30 o) SaAIT ¥ YAE2](4,000%g, 10
min)3t] S Al tubeol] B F A4S A3 -70TolA
B3ttt 59 wv PR35 7] (Adiva 2120,
SIEMENS, Munich, Germany)E ©|-8-3}4 3743191,
insulin & c-peptide= 22+ kit(AKRIN-011T, AKRCP-031,
Shibayagi, Japan)S o] &3}e] 243}t =43 TG,
insulin FEE o|&3l dEd AFPES Y
Homeostatic Model Assessment-Insulin Resistance(HOMA-IR)
+ Matthews 5(24)2] #Ho g2 AXsHth

Western blot analysis

Qo] 2 AAdsEe v BiES B riArSs
HE3ATh A& 28-S ZA B8 lysis bufferS
©0]-8-3t proteine 2] 3HATE 2] ¢ proteinS BSA kitE
0]-8-3} proteine A F3IL LT protein YO Z 3]45}
o] acrylamide gel®ll 7|53}l nitrocellulose membrane
of &7 & U} A pIR, pAkt, pAMPK % GLUT4Z
HH3-A1Z T Membrane A - o]} AR g AIZF F<2t
HH-8-A]7] 31 ECL solution kito] X &He -§-9of 137+ §HE-A]
71 ¥ Chemidoc(Proteinsimple, FlowChem®, Diisseldorf,
Germany) .2 ©hild dhe-S A3

RT-PCR

Western blot A| 2&3¢ & 15 mg % CLOIS A
C2C12 AEE 27} trizol& AH8-5}9] total RNAS &3
& NanoVueplus spectrophotometer(GE healthcare, Wisconsin,
USA)E o]-8-3}o] 4 2F3}al Reverse transcription mixture
(Improm-II, Promega, Wisconsin, USA)<- ©]-8-3}4] cDNA

A3t cDNAE FAS F A | 25T 75
0] &9l primer(Table 1)2 ©]&3}o] Ztzte] Z7i(Table
)22 PCRS 43315t}

T

\°]

Table 1. PCR primer information for identification

Sequence

F 5’-AGAGTGCCTGAAACCAGAGG-3°
GLUT4 131
R 5’-CAGTCAGTCATTCTCATCTGGC-3’

F 5’-CAAGGTCATCCATGACAACTTTG-3’
GAPDH 500
R 5’-GGCCATCCACAGTCTTCTGG-3’

F 5’-GATTCTGCTGCCCTTCTGTC-3
GLUT4 168
R 5’-ATTGGACGCTCTCTCTCCAA-3’

F 5’-CCAGCCTGGCTATTTAGCTG-3’
B R 5’-CCCAACTCAACTCCACCACT-3 1
F 5’-GAAGACTGAGAGGCCACGAC-¥
R 5’-CTTGTAATCCATGGAGTCCT-3’
F 5°-GGCTGTATTCCCCTCCATCG-3’

[B-actin 154
R 5’-CCAGTTGGTAACAATGCCATGT-3’

Size (bp)

n vitro

m vivo
181

Table 2. PCR conditions
Denaturation ~ Annealing
GLUT4 94T, 45sec 57C,30sec 72TC, 45sec 34

Extension ~ Cycle

o GAPDH 947, 45sec 55T, 30 sec 72°C, 45 sec 34
GLUT4 94C,30sec 66T, 45sec 72C, 35 sec 28
o ISTI  94C,30sec 66C,45sec 72T, 35sec 34
e Ak2  94C,30sec 66C, 45 sec 72C, 35 sec 28
Bactin - 94C, 30 sec 66T, 45 sec 72°C, 35 sec 27

SAHXE]

2E AY Ade Hagd £F8AE UERAT SPSS
Statistics 22 for Medical Science(SPSS Inc., Chicago, Illinois,
USA)E ©]-&3}4d Student’s t-test2 43S QI3 o
H, A4 NETH CLO1 T 7He] BlaE AAIsHAth
p<0.05%! B¢ SAtHo® Fosirtal AA AT

Zot ¥ nE
ZEMEO|AM CLO10| GLUT4 &8lo] OjX[= dsk
w2~ ZEA| o A CLO1 {29 wE GLUT4 mRNA
W3 oks eldt Adb(Fig. 1), =5A1¥F] CLO1S 247}
100, 250, 500 pg/mLE A 2]gS o GLUT4 327 573
izt thel 242t oF 180%, 178%, 189%(p<0.01) &=
o} £ AelA CLol MEE Sal 5424 GLUT4
mRNA H3o] 7tk A& glsnh
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Fig. 1. Effects of CLO1 on GLUT4 mRNA expression in C2C12 cell.

Control, negative control; CL1, CLOI treated at 100 pgfmL; CL2, CLOI treated at
250 pgfmL; CL3, CLOI treated at 500 g/mL. Data are expressed as meantSE (n=3).
The results were statistically analyzed by Student’s t-test method. ~ Significantly different
from control (p<0.01).

457k CLOL Fojol] mE AlF ¥Hss dvr7] 95
T 13] AFS SASAHTable 3). AF 54 23, e
AN o2 WshF A ko AF 7zt
Ul AlFol] S7ete A3 RAth A7t 59 ¥
I H3ls =Asy) Y F 18] AF 24 F 9L =F
SHAtHFg. 2). T 153k CLO1 Fo7-o] o] F71st
of SANETH 5|7} szt A| Rk 25 E
| 7AAste] SAANZRZEYT oF 123% 89 FX|7F B A
=4 HJa, AE T A FAUERTY °F 110% T
(475.40£31.16 mg/dL) .2 7HAaateh 4F7re] d9 wish
£ B3 A3, cro1o] AE sl vls) ade

70
T

O

=
Sou 7] Bol A AE AYFIAA S oF 66%
9% 2 Beo] Y= AL X & A

Table 3. Changes in the bodyweight of C57BL/KsJ-dlydb mice fed
diets supplemented with CLO1

Periods Gl" €] ®3

0 week 32.25:039” 3148042 3145047

1 week 38.0940.32 36.66£0.67 36.330.59

2 weeks 40.48+0.46 38.64+0.82 38.95:0.50

3 weeks 40.46+0.54 39.63+1.05 40.61+0.60

4 weeks 40.72+0.58 4111115 41.77+0.54
Weight gain 847045 9.63:043""" 10.3240.39

l)Gl, negative control; G2, CLOl administered at 300 mg/kg; G3, positive control
(metformin administered at 300 mg/kg).

Data are expressed as meantSE (n=5). The results were statistically analyzed by
Student’s t-test method.
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Fig. 2. Changes in blood glucose levels in CSTBL/KsJ-db/db mice
fed diets supplemented with CLO1.
Gl, negative control; G2, CLO1 administered at 300 mg/kg, G3, positive control (metformin

administered at 300 mg/kg). Data are expressed as meaniSE (n=5). The results were
statistically analyzed by Student’s t-test method. ~ Significantly different from G1 (p<0.01).

91 ¥, c-peptide F= A3}al, HOMA-IR S35 A4k

= =

= T

stk WA, €3 W 99
o

FAE AuRE AR
Hsl| NS FYZFoxE ddo] s
(p<0.05), CLO1 F-oJoll A o)A d2 YA &AA 9k
2E A thFg. 3). €4 U JEd =5 43
A7, PR A9, STt oF 65% 7HAs)
o 1.43+0.29 ng/mL(p<0.05)2] F=F YEFH AL, CLO1F<

79 AL, SAgET g Ed F57) oF 558% A
- =

D W cpeptide Ao+ AR 4573 A2 FoF
T ded v gadt FARE FHE A AE <
F Ak AE T8 F FINETY cpeptide T 7
o

Z79] °F 20% <) 87.56+28.50 pg/mL(p<0.01)<] &
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Fig. 3. Effects of CLO1 on plasma glucose levels in C57BL/KsJ-dlydb
mice fed diets supplemented with CLO1.
Gl, negative control; G2, CLO1 administered at 300 mg/kg; G3, positive control (metformin

administered at 300 mg/kg). Data are expressed as mean+SE (n=5). The results were
statistically analyzed by Student’s t-test method. Significantly different from G1 (p<0.05).
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Insulin {(ng/mL)
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Fig. 4. Effects of CLO1 on plasma insulin in C57BL/KsJ-dlydb mice
fed diets supplemented with CLO1.

Gl, negative control; G2, CLO1 administered at 300 mgfkg; G3, positive control (metformin
administered at 300 mg/kg). Data are expressed as meantSE (n=5). The results were
statistically analyzed by Student’s t-test method. Significantly different from G1 (p<0.05).
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Fig. 5. Effects of CLOL on plasma c-peptide in C57BL/KsJ-db/db
mice fed diets supplemented with CLO1.

Gl, negative control; G2, CLO1 administered at 300 mg/kg; G3, positive control (metformin
adtmmstered at 300 mg/kg). Data are expressed as meantSE (n=5). The results were
statistically analyzed by Student’s t-test method. Slgmﬁcamly different from G1 (p<0.03,
p<0.01).

=5 YEl L, CLO1 T e SA4u1%

F32 172.69+54.72 pg/mL(p<0.05)¢] F&
(Fig. 5). {413 A8 AR5 o]&sto Qlad A
39S wedsls A H 2 HOMA-IR 35 AXHe A3,
IR E ST ] oF 74% AEd A
o] 7= R 31(p<0.01), CLOI FATZNAM = SAdNZT o
v °F 62% 7HA Q“D}(p<o.05)(Fig. 6). @4 U =
cpeptide 5w Qlad Y] A3xolH, SAld J=dH
c-peptide™ proinsulin®] 4 8 40|t} Proinsulin®] &3l
HAA A7E JdEde EF PgAdo] vol Bt &
H= W c-peptide= EF HFAdo] =of Azt A3
A& BHlTS ek AR &8 71E3sth)). UE

A Ae G BYstE Q& FA7} gold A=
o2 AR FLE Y-S fAske o Be SlEdol
1.9.3te] ¥ W) oL:n—;f 9 #4go] Wolzirke &43
ojm|gtth26). Al 2% TR A1) 90% o] ol <l
Aol A iﬂésr%lbé%—ﬂ = 327), S8 %OH
T, 18, vt 59 &Y A I FHEC]
Qg FrIl TNEEE FU1eH 6 TRt e
AR} O} ol do] AR BhEo] Z71aTHg). B ATl
A= cuou AF ol we} & AHgAdo] fdEE 1

%l
w2} )15, cpeptide @ S BFe S & 5 Uk
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Fig. 6. Effects of CLO1 on plasma HOMA-IR in C57BL/KsJ-dlydb

mice fed diets supplemented with CLO1.

G, negative control; G2, CLO1 administered at 300 mg/kg, G3, positive control (metformin
administered at 300 mg/kg). Data are expressed as meantSE (n=5). The results were
statistically analyzed by Student’s t-test method. * *Significantly different from GlI
(p<0.05, p<0.01).

CLO10| =& =& &&o O|Xs= d&

CLO1°] S5A|ZoXN TETF 754 L3 nA= G
S gRlstr] Qs AlIE %%E‘T% <
B AYsle] ZEA|EES AFH et T
= 3 Tl A 2 mRNA “L?‘i% g3t Western
bloto.Z &AM Tulds =43 Z2NFig. 7),
CLO1 Foia ¥} Aol A <] pIR, pAkt, pAMPK ¥
GLUT4 @212 @do] SANZFH vluste] F71sA
t}. 53] CLO1 Fooll X9 pAkie} GLUT4 T & of

o] AT ] 242} oF 10%, 23.6% =7}3H3aL, pIRS}
pAkt 718]31 GLUT4 ©hj g o] utd o] S At 2 tH]
7247} oF 153%, 145%, 167%(p<0.01) =02 W& =]
mRNA ZHYS 13 A7)(Fg. 8), CLO1 FoI7} ¢
)z ol A 2] Ak, IRS1 2 GLUT4 H&o] LAz}
Hlw st F7F8H$al CLO1 Foftol| 4] Aki29} IRS19]
S A ZT ] Z+2 oF 129%, 149%(p<0.05) &= At
£ Ao CLol AHE B8l =T 54 ey B
H ol g mRNA o] Frkstglon 1o met
GLUT49] #do] Frtste] P 7hhol] TS vzl AL

_11}4‘
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el 4= giioh 22la CLol A3 A deds 53
IRY 4HHpIR)O T2 o] IRS1, Ak2, GLUT49] -
AR} o] AL 0 7 o] F0]%] GLUT4 translocataion2
S7HNA 89 4 aHRE HolH o] HUET R
AHEE HEXTS §A18 7)Ao 2(30), dEdl 93k
g FF 571 7183 2 A AMPK 2402 Q19 GLUT4
ZF7tlA 710 AlE F 7Y F310] e 83 Aets
I = AT LREH O 7GR Fol &= HAY
B-glucan, heteroglyca, galactan 52| H|A3Hd 84 o
F7F @7 At 78 555 Uehlle AR 4TiA
A31(31,32), Kim 52 AF33)MNX= C lacerata TAHA
Hj & AR Q] AlZ o T dA] /i) e 4] AEE
Gt EtES] EACERE Hogtial BaE vk ok
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Fig. 7. Effects of CLO1 on protein expression in C57BL/KsJ-dby/db
mice fed diets supplemented with CLOL.

Gl, negative control; G2, CLOI administered at 300 mgfkg; G3, positive control (metformin
administered at 300 mg/kg). Data are expressed as meantSE (n=5). The results were
statistically analyzed by Student’s t-test method. * Significantly different from G1 (p<0.05,
p<0.01).
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Fig. 8. Effects of CLO1 on mRNA expression in C57BL/KsJ-dlydb
mice fed diets supplemented with CLO1.
Gl, negative control; G2, CLO1 administered at 300 mgfkg; G3, positive control (metformin

administered at 300 mg/kg). Data are expressed as meantSE (n=5). The results were
statistically analyzed by Student’s t-test method. Significantly different from G1 (p<0.05).
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