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Abstract

Melania snail (Semisulcospira libertina) was traditionally used as the healthy food in Korea. It was generally known
to improve liver function and heal a diabetes. The aim of this study was to elucidate the anti-diabetic mechanism
of melanian snail hydrolysates treated with protamex (MPH) by investigating the inhibitory action on protein tyrosine
phosphatase 1B (PTP1B), the improving effect on the insulin resistance in C2C12 myoblast and the protective
effect for pancreatic beta-cell (INS-1) under the glucose toxicity. The melania snail hydrolysates treated with protamex
(MPH), which showed the highest degree of hydrolysis (43%), and inhibited effectively PTP1B activity (ICsy=15.42+1.1
pg/mL), of which inhibitory effect was higher than usolic acid, positive control (IC5=16.65 pg/mL). MPH increased
the glucose uptake in C2C12 myoblast treated with palmitic acid. In addition, MPH increased insulin mRNA expression
level by over 160% with enhanced cell viability in INS-1 cell under the high glucose concentration (30 mM).
These results suggest that MHP may improve the diabetic symptom by the inhibiting the PTP1B activity, increasing
the glucose uptake in muscle cell and protecting the pancreatic beta-cell from glucose toxicity.
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o slem A wE AEe EAE deds A2
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Ao EHlgd® Eetal 3t 25 B AEE 9
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Ak g $kake] i R-Ee AFAEta SUThé).
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71e< st A HEREZE vrtdd o2 &3AA
Ax Aedg FA ok B ez "ok a3y o]t
ded FAIE AEG FE 7Fsdo] u§ & EAES
AH 3L Tk6,7). kA A7) 8 Alol® 7 WEA 2
B3 7152 7HAA A8Y 8 glo] 89 FAE vl
FpH o2 IEa FAlof Jded AdS AT F U=
A3 HAE F9] i AA7F A3 sl Asto)
o AE7A avlE 89 A Sde 7= AdEel=
i, d=ol, Fo] W=, WAl 2 1 #H LA 5ol
UTHB-11). v} o}A7HA] Fiagrte] F7leof Hlal %l
AE FHe] g Ao AR meket FEolth
%71 (Semisulcospira libertina)= dFd oY T4 4]
A &3] B T e aFREA &g ARE
aehE A FE o R QA E o] glo] dH o] 2itete
=R Ee g, 273 o= 23t 2851
(12). T B B E27RoA 71549 vl ofshd th&7]
= d=25FYH 1t4d, sk At 5o A5 2 A
o|g=o] ghom, B35 AMEF, 2A45(T) 59 8o
= 9y o] &F o] $tk13,14). Tkl tigk 2o =
AFoll= 715l A= 93(14,15), 2FTFH A 2
FAEA16), HE71F 559 kst 407, TlAE 7E
ts7] FEEY A4 54 Hla(13) Fo] Eawof
ATt ey olelgk B 71R] dAFelM = thET]e] 7124
A A ET Ko S ¥ 1Ed SolA dF
1 Y AT ol g A A= vy
gk Aggtolth 9Al HE APEE A Ao|2 FaE fE
gk nhg-2o A tE7] ZhEslEe] dAtst 1 2 A
B3 5 @9k §92 Budk b ). ¥ d7dlHe
tE7] 7kridlEe] Yeille &3 24 717k gRlst

7] 9lste] #F WERE INS-19]412] 1% GEA
3k B35 gvkel C2C12 ZHAFM Y T F4 532

3 stz skt

ERTE

A=

B Ao AL8-H 7| (Semisulcospira liberting) -2
2015 e @ A FAF B oA Al g ol 4 5o
AHgEtTh Tl Rl g4 YA e s de Ales
= alcalase®} protamex(Novozyme Nordisk, Bagsvaerd,
Denmark)®] % 2 F2| E4F F438lo] AHE-3I9Th Protein-
tyrosine phosphatase 1B(PTP1B, human, recombinant)<
BIOMOL International LP(Plymouth Meeting, PA, USA)A}
oAA FheHA

Chezlel daas 2y
Z7]9] AR BAe AOACH | e} $3) 8ttt

(19). & B4 7t z, 235 1433}
Zehil A o Kieldah! 2] 3L ZA] W2 soxhlet'd O 2
3tk ©48EL 100004 i, 2, 224,
2o w zto 2 ARSI

rTa v

fou g ZE

Ch&7| 22712812 (MPH) 2 =

U&7l BA712 ddeH et S5 thiHl 5o
0.1 M sodium phosphate buffer(pH 7.0)Z 7}g+ 3 50°CellA]
1037} preincubation A]Z1t}. &4~ alcalase(A), protamex(P),
alcalase+protamex(A+P)E 7217} 2.4 AUkg7} H =5 H7}
33l 50°C shaking incubatorol| A1, 0, 2, 4, 6, 8, 10A] &<t
712t 7Rl E stk o] F 100CAlA] 1581 A2
sto] Theisl Whe-S FA oM, A7 F, 4,500 pmel]
A 1087 QAT Asdle FAEsI] A AR

stk

TingdE 54

t&71e] FE224AY Jleidlse 24 7sRd Bl
20% trichloroacetic acid(TCA)S £ 3 7}slo] A4 &g
(2,370 xg, 5 min)F FZENS F 3} Lowry assay(20)S
°o]-8&-3F 10% TCA 7Hd Tild w3 Sl thy 2o
A% st T

10% TCA7}-8-4] whala ek
A &

% 9
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PTP1B A3l &4

tE7| E47keR8l%E 6 1L, PTPIB 6 L, 12|31 PTPIB
buffer[S0 mM citrate(pH 6.0), 0.1 M NaCl, 1 mM EDTA,
1 mM dithiothreitol(DTT)] 40 L E3&ol, 71291 2 mM
p-nitrophenyl phosphate(p-NPP)E 100 pL 3 7}8}ed, 35Ce]]
A 30%- 7+ WHSE 3, 10 N NaOH 50 1ILE H718ie] W&
FAANZY. AAdE  pitrophenol®] FE+E microplate
reader(Epoch, BioTek, Winooski, VT, USA)Z ©]-8-3l] 405
oA FFEE SR eH, 34 hxT= DW, ¢
]2+ 16.7 ng/mLe] ursolic acid(Sigma, USA)E ©]-8-3
ATt

C2C12 myoblast H{ =

C2C12 myoblast cell& 10% fetal bovine serum(FBS,
Hyclone, Logan, UT, USA), 100 units/mL penicillin % 100
wmL  streptomycin(Gibco, USA)°| Z7}e  Dulbecco’s
modified Eagle’s medium(DMEM, glucose(4.5 g/L),
HyClone)°l1 4] 37T, 5% CO, Hl k7]l A] vl eksldch. Al E
7} ¢k 70% o 2 v SE S v 2% horse serum, 100
units/mL penicillin 2 100 pg/mL streptomycin®] 37}
DMEM E3}ul| A 2 w$ts}te] tube formations +%=317]
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ColA] 5% CO, 102 w2 A vl =
351 ) "&'SP%iE‘r.

C2C12 myoblastoAe] MPHS| MEZEM(MTS assy)

A E=ZA]2- 3-4,5-dimethylthiazol-2-y1)-5(3-carboxymethonyphenol)
-2-(4-sulfophenyl)-2H-tetrazolium(MTS) assay S A}-8-3}o]
Bttt 96-well plateel] 1x10* cells/well®] C2C12
myoblastE 73 ¥ 37T, 5% CO, incubatorl| 4] 24 h
Hjekslsith MPHS w52 = 1, 10, 100, 1,000 pg/fml
o2 AHglste] 24 h F<t A6l FskSi T HH d T 7+ well
2 20 pLe] MTS solution(CellTiter 96“AQueous One
Solution, G3850, Promega, Madison, WI, USA)S %7} &
CO; incubator®l|A] 1 h ¥F-& F Microplate Reader(Multiskan
GO, Thermo Scientific, Finland)E ©]-83}] 490 nmol A
R !

BSA-Conjugated Palmitate H=

& APHS Fx3l7] 93] BSA-conjugated palmitate
(PA)E A Z3}H). Free fatty acidZ+% palmitate(Sigma
Co)E AHE-3I31 T} PalmitateE- 70°C 0.1 M NaOHol| &-3j|A]
71 T, 55T A4 10% BSA(FFA-free BSA, Sigma Co.)¥}
10823t HP*’\W% HAIE @A, HF s 5 mME
z7Jste] W5 Bastal, Al 4*‘16}71 19 ol 3]s}
o ARg-sk3iT
C2C12 myoblastold =z E+(glucose uptake)

ad Aol fed A t&7] 7=
o] gt 543 C2C12 myoblast®] glucose &5l P|X] =
e A, AL Y2 GUNE TR FrEL
=38ttt 96-well plated] C2C12 myoblastE 5x10°
cells/well®] =2 53}, 447 FopjA 2 #-3 =
% BSA-conjugated palmitate(1 mM PA; sigma)E 16|13t
&<t Aste] Q& APAE =8I, serum free
DMEMP@| A 2413 F<t wj Fetinh. o] & th&7] 7kl
E5 $%H(10, 100, 1,000 pg/mL) = 3A13F F<k A2 g

&, 100 nM insulins 102 F<F A 2|etit) vix|ete =
50 puM fluorescent 2-N-(7-nitrobenz-2-oxa 1,3-diazol-4yl)
amino-2-deoxy-D-glucose(2-NBDG; Invitrogen, USA)E 3
7Vete] 158 B<F uptakeE F=3t1L, FS NS 96-well
platecl] &7 F & EA71E B3l Stk B =
£ excitation 485 nm, emission 525 nmd}ol| A =% 31t}

PTP1B2l mRNA &8z &3
PTPIB mRNA2] & %S C2C12 myoblastel 4] RT-PCR
= o] &3t Hrtsiith 443t fﬁ‘rﬁ Al el 4 BSA-
T =
[

conjugated PAE 16717+ &<t A 2]g & MPHE 5="4(10,

100, 1,000 pg/mL) X+ 100 nM insulin©. 2 %} 2] 3}e] 3A]7F
Zof vl oF3ti T}, vl 9k & total RNA extraction kit(Doctor
ato] (RNAS ¥]38l9),
ImProm-IITM Reverse Transcription System(Promega,
USA)= ©o]&3}o] ¢DNAE 43+ t). PTP1BS] primer
A2 5°-CCT ACC TGG CTG TCA TCG-3’(F), 5°-CCA
CCA TCC GTC TCC TAA C-3R)= AF&31%1 1, Bactin>
5-TGA CCG AGC GTG GCT ACA GC-3’(F), 5-ACC GCR
CAT TGC CGA TAG TG-3’R)E AHE-3I31t}. Dr. TagHOT
Master Mix 2X with Dye(Doctor Protein) 10 pL, template
cDNA < 500 ng, 10 pM primerE ©]-8-5}] PCR=S A a5}
_0_131, 95Col|A] 5% preincubationd}il, 95T, 45%, 57T,
15 30%, 72T, 45529 272 = 30 cycle ¥H3, 72T, 5
RO i HP—:—; F5 5l th RT-PCR 4AHE2 2% agarose
geloﬂi\i A7) d5sle] =AY ©1, mRNA e =S
H w3l7] el B-actin@He] AthA <l Bv]&-S elakg]th

Protein, Seoul, Korea)S ©|-&

AYHEME INS-1 M=EEHE =A

A WM EFQ INS-1 cell> 10% fetal bovin
serum(FBS), 100 units/mL Penicillin % 100 pg/mL
streptomycin(Gibco), 50 mM 2-mercaptoethanol®] Z 7}
RPMI 1640 medium(Welgene, Gyeongsan, Korea)oﬂfﬂ 37T,
5% CO, 27102 ksl o XFE 5 EE=I(CG,
control glucose)< 11.1 mM=E, I1FE L% (HG, high
glucose)= 30 mM=Z 3}$th
HFHEMZ INS-1 MZESH HIL(MTS assay)

2xE T A X Ut 4L olsly] ¢
INS 1 A ZE 96-well platdl] welld 6x10° cellsS &

T TE LEBCG)S] WA oA 24413 vl g

E—EOE(CG)% IFE EEYHG) WiR A 0, 24,
72, 96X13t M FetiTh. 3k v&7] EavlielEe ] 1
T 2= o3 Al x5 ‘3] 2Ae S gotir]
f1al, CG HiA] <A} 24413t vl ke - HG HiA| S A 2] ot
2713 v FstaL, 7] ZkeEdles =, 10, 100,
1,000 ug/mL)i 24117k Bt A7lste] & 96AI S Bl S
Aok vl ¥ 20 pLe] MTS solutions #7}ste] 1At
Hk-2- & Microplate Reader(Epoch, BioTek, USA)E ©|£-3]
o] 490 nm FF oA Ak

<)

s,
SlaL

A4

—1N

4ov

] 6—we11 platec]] well

1 al CGHHZ] o] A 24A17F
e 5 HGHIAI S A2l g th= 0, 24, 48, 72, 9671 3F
Hj Fst oAt E‘:?_E} &7 ksl Ee] 1k XY =
A BellA] dded Tl wx = JEs FRls] 98,
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CG HlA] | A 24413 vl ¥ $- HG ¥iA| & A 2lste] 7241%F
vl Fatal, tE7] ZhEalES s =HE(L, 10, 100, 1,000
ug/mL)Z A 2|ate] 24413k Bt A 2jste] F 964172 vl
3Tt

u & & Total RNA extractlon klt(DOCTOR PROTEIN,
o] &3l (RNAZ 3913, ImProm-TI™
Reverse Transcription System(Promega USA)S o] &3l
cDNAZ 433199t} 914219] primers 5'-CTA CAA TCA
TAG ACC ATC AG-3’(F), 5’-TCC AGT TGT GGC ACT
TGC-3’R)E A}-83}51 21, GAPDHE 5°-ACC ACA GTC
CAT GCC ATC AC-3’(F), 5°-TCC ACC ACC CTG TTG
CTG TA-3(R)E 717t A3tk PCR WHg-2 94°C, 5
Preincubation <, 94°C, 30, 46°C, 30%, 72°C, 30%2] 4°A]
Z 30 cycle ¥H& ¥, 72°C, 5802 Whe-S FA39 T
&ele] mRNA Hd S GAPDH I 3] &<l ]
2 FAsHA

Korea) &

SAAE

A A3}= SPSS 9.0(SPSS Inc., Chicago, IL, USA)Z 2
a3 o] g3te] HAAIEt Tt H+SDE EAISHA L 7t
AMEH] E?ﬂlﬂ Frold & INS-104 9] IE % Fel[4] <]
A2 s et AT testS AABFA oM,
a9 o :'17}4 2142 one-way ANOVAE AA|813 11,
o} #7ke] ZFol= p<0.0555=°4] Duncan’s multiple testZ
AsstA

Zdn 9 ¥

AutE 2
4%7191 AW E B ZA9E Table 19 YERAATE

i 786%, & 172%, = 12%, AW 1.3% 2 23]
B 3.9%a Uepkon, ko] 76.1 keal, Z# 2<HZ 70.9
mg/100 g, FEF 79.1 mg/100 go] TS et d=x

Table 1. Proximate composition of melania snail (Semisulcospira
libertina)

Componens e b dy o
Moisture (%) 78.6
Carbohydrate (%) 172 192
Crude Protein (%) 12 56
Crude Fat (%) 13 6
Trans fat (%) 0
Cholesterol (mg/100 g) 70.9
Ash (%) 397 18.7

Sodium (mg/100 g) 79.1

538132 #2448 A75 (2017)

O{N

go g shikeld e 56%, AW 6%, =9 19.2%,
_1_3’:]'5’1 8.7% o= ehyith

im 59 AT = B&7] dxFHFo s 2oy
=] 60.74%, ZA] J 71%, 3% 14.3% 113%, 2] S-frH Tk
=2 77149 &S gska 9o Ca, Cu, Fe 599
sht= o a4 } 17} UTHL B335} Shim 5(21)<
A th&719] +4 A3, FE 80.7%, A 1.6%, THA
10.6%, 3|2 29%°| 2t B315}9] o™, Lim 59 ¥.31(16)
NME At 7F &Y FEE 71-81%, 23T
1.9-6.4%, ZA - 04-1.6%, %w—;e 11.6-16.9%2] araF
HAE veido] 2 A 2o vk 23S JERRL
}.

N

7h2sl Alztoll mE 7HE2siz Hlw

Tl © 200] 7kx| o] ofu]Abe] %3O @ LA o]
9lom 7zt 1 7)en EAo] thath ujeha] Atelu ot
g I 854 ﬂﬂoﬂ ofaf tFet 249 feoler 74
H AERAES A% F 9o, o]2d R Ee
9] chalA o] H]aH 0% ot 7lsde Uehla sl

a2 Aol At ol o3k 5}ehA ?1\“/] Fral &4
33} Do) iqte] B4 Fof EAA O] of7lH 3 gle
22 540 o3t BE VR E o) AER 7S
WAl S 7Bl ATt Wol AlEE 3 QUTh22,23).

2 AFNAME th&7] A=A 715485 =017 Hsl
B 7R E AAsk e, o 7kl B =E Fig.
19 e AT alcalase, protamex, alcalase+protamex2] 3
T 239 93 v TEel e A9 Hlssg gh e
= ARbel] e} S71eSIT oF 4A WA 547 ST o] %
1077 742] AlEAQ] 57132 BT ©] F protamex
o o9& 7krEal =t 7P =9kem, 1043t 7l 5
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|
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Fig. 1. Degree of hydrolysis of melania snail hydrolysates treated
with three types of enzyme (A, alcalase; P, protamex; A+P,
alcalase+protamex) at different hydrolysis times.
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PTP1B inhibition &4 7}

A P LAl i dFE FE a
-glucosidase®} a-amylase &4 9A|, AMP-activated
protein kinase(AMPK) 243}, peroxisome proliferator-
activated receptor gamma(PPAR-y)5~8-# &/J3}, glucagon-
like peptide-1(GLP-1) agonist ‘5 72 Z30] 7| E=
A eh, 7Ggl, 1A, FE, AAF 9 BRI 59
FARgol Has 3 glo] Aol Alghe] 3 Uth24). 2ol
+ protein-tyrosine phosphatase 1B(PTP1B) A3l & target>
2 3 A7 25 QITk25).

215 A3 g43kE-2 a-glucosidase e} 2 BHskE

ol o8 FalHlo] Ao FEm, ool 3
T =T GEHZEHE, A7) e e dede 2
v 3} Eo) BEujE olsele o&d uhe 2z ol 28
A E, 7F S0.2 o] Eale] A TeE FAS A
A7) 1, 28 2@ AL ENNE TEY 52 26}
o] 8% ¥IvY =2 243l 93S S8l gk
olgel Wk ZAA e T FrAe o A5

0,

Dr)1zto 2 AyE 4= gtk #F el EY)H insulino] <1
%%l 4=8-7(insulin receptor, IR)2} AHehd <led Ao
2714s @AskE 2, ojolA e 84 714 I(insulin
receptor substrates-1, IRS-1)2] Elo] 241 zk7] 9] Ql4ks}7}
A} 01AkskE IRS-12 Phosphoinositide 3-kinase(PI3K)
o} 9h-g-3lod PI3Ke] €45 =35}l Phosphatidylinositol
3,4,5-triphosphate(PIP;) & AJ/Ad3t}.  o]ojA]  PIP3&=
Phosphoinositide-dependent kinase 1(PDK1) <] protein
kinases S 2/43HA7] 3L o] kinaseE°] Y| <4k}
£ Zgetar AkES 2HSAIIT 2AstE Akte
glucose transporter 4GLUT4)E 77| L A2 &0
GLUT4 A°]E F=3FHGLUT4 translocation). L =3 4=
|49 GLUT4= &% T2 AEZHZ F9(glucose
uptake)dte] 5 ¥ % 5 ZHsA $Hrh26-29).
PTPIBE ©]2]8t & A5 D724 IR % IRS-19]
Efo] 241 24719] Q14ksNk-g-S Wafjste] davle] 415
2 7S Welsta, dFA0 R Al 28 SRS FEAl]
' AR 49A 9vh30-32). PTPIB #3271 Al A€
PTPIB Y o}-(knock-out) S& 59 Ao, Z5A 21t
A EE0] lEdd Wizt vEg-ahn 23 Yol &
HhE) 2] ekokthe Hart 91%1em(33), vhuhE ¢ (vanadium
salts)?} 22 PTPIB A a4l 50| & AHE Hole 2
I Had v ATh34).

£ T4 E PTPIB A& AR 3l 7 g4
7HE 8 E(1,000 pg/mL)e] 7HEEal Algtel w2 PTPIB
A &S vlastithFig. 2). 7kHrEel 2413t ool
LE gAvleRa 5o PIPIB Al @40l F43] 716
Hom, o] 10AIA] ete] S7kste] <F 100%<] A8l
45 Jehligdth. F5 1043 & 7F JeEe B

A=
T =

PTPIB A3l 45 ICs #2-2 Bl w g A3} Table 29]
et A FF e 2% o|n] PTPIB A&iA 2 <&
2 9= ursolic acidE A28+ th ProtamexE ©] &3+ th&
7] 7VEHEMPH)S] 7, ICxo #°] 1542+ 1.1 pgmL2
e o] Fd 2= ursolic acid®] 16.7 pg/mL Bt} =2
o] A e/dS Ueflio] v %2 PTPIB A|alA| =4
o] 7FsAE Blth o] F MPHE o]43to] A|Eol|xe]
g G2 Fdsiinh

ap
BatP

PTPI1B inhibltory activities (30)

Time (h)

Fig. 2. PTP1B inhibitory activities of the melania snail hydrolysates
(1,000 pg/mL) treated with three types of enzyme (A, alcalase; P,
protamex; A+P, alcalase+protamex) at different hydrolysis times.

Data are representative of three independent experiments as mean*SE.

Table 2. ICs) value on PTP1B inhibition activity of melania snail
hydrolysates treated by several enzymes

Sample ICSO (ug/mL)
Ursolic acid (positive control) 16.7
A 3632412°
Melania snail
hydrolysates P 15.4241.1
A+P 50451.1

YA, alcalase; P, protamex: A+P, alcalase+protamex.
Date are representative of three independent experiments as mean=SE.

C2C12 myoblastollA{ MPHe| Z=E &
uptake) &Zl&3}

(glucose

S'e

ol e Tgyl o] ALS -k F2 TR
oftt. 4% FHE ledle ladl vk 2A9l 2, A
AE, 3F SO o] Fdte] N e T IS A4
713, 25 R AP RN E 22T FFE FH50] &

T s 2Ashe qge sAskaL vGs). 18

A o

L T o
&
i)
oft
9

olo
X
b
il

oy
ox,
o=

2
(o]

3} IRe] Aol E he wAL A%
AYEA go} @ 242 go] At Ae)7h LR
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(33,36,37).

MPH7} l&d A& NAdstd, L= S5 $71
AZ1EAE ERls7] e, e vhEA2L2] mouse 2l
54| 32 C2C12 myoblastol] BSA-conjugated palmitate(PA)
£ 18M3HESt A2lsln MPHE =¥ 2 3417F A 2)3le
I FrEFE gtk A 285AE CC12
myoblastl] tg th&7] 7l EMPH)S] Al 25442
golalz] 9l3ta], 1, 10, 100, 1,000 pg/mLe] MPH 2] ]9
9]3}F cell viabilityS MTS assayS ©]-&3fo] =43}t
O AR, BE TR oud Al Z5AE HolA] eigke
1, 23] MPHe|| 9|3t Al o] T o|EH oz F7}
= 2o = UehsithFig. 3). ol< 7] Z¥rel ol

= =
R =2
W 7Rl B S Aok ) g ie

ol

: 21g59)
< Aow Algdrh
13

~

3

glﬂ 3

r-3

|

-

=

n |

2

(&)

. 'l 'l 'l 'l
C 1 L] 138 Tvee

MPH Coucentrafion (ng/ml)

Fig. 3. Effects of the melania snail hydrolysates treated with
protamex (MPH) on the cell viability of C2C12 myoblast.
The C2C12 myoblast were treated with the indicated concentration of MPH for 24

h. The cell viability was assessed by MTS assay. Data are representative of three
independent experiments as mean*SE.
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