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(57) Abstract: The present invention relates to a non-reducing end of unsaturated mannuronic acid oligosaccharide, the oligosac-
charide being degraded by an alginate lyase with a poly-mannuronate substrate and having a molecular weight of at least 100-3000
Da. The present invention provides: the non-reducing end of unsaturated mannuronic acid oligosaccharide; and a pharmaceutical
composition for alleviating, preventing, or treating obesity, diabetes, and climacteric syndrome, and a probiotic for promoting intest -
inal beneficial bacteria, both of which contain the same as an active ingredient. According to the present invention, anti-obesity, an-
ti-diabetic, and estrogenic activity effects and an effect of regulating intestinal microbiota of the present invention are remarkably ex -
cellent compared to those of a mannuronic acid oligosaccharide of a non-reducing end of saturated mannuronic acid oligosacchar -
ides.
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Sciences (19th ed., 1995)o] &AH3] 7]1AF o]

o] oAgtE ZAHEE AT EE ‘ﬂ]ﬁ'? Fod £ gloH,
st AstAlE AT Fo WAooz ALAT. |

B 4R gAY 2AHdEe AP FAFS AAZ Uy, §F
WA, B A, AF, A, BE AH, 52, Fo AR, 54 A=,

T 2 oukg AeAT 22 8dsd s dusA AYE 5 9
+ Y AT 2AHES dukHd FoAZFE A JFEe=Z
ug/kg - 100 mg/kg HH Holth,

2 o kAT AHELS F

A7 golsA AN

1T

A 4
=

T4 AANe 7R d A T Wy we
FAGHoz FHRHAE A L/EE EIFHAE oLt AAdFTozH
@9 8% FHE AzgAY £ 8% 47 Wl WaAA AzxE F
ATk olm AFL oY e 4 AT &8, Fugd, AHA EE
wE FEolAY dxA, A, BEEAl, #AHA, A e AA
FHY 7= oy, 44 Ee dAFAE FHHcE XFE 5 .

£ HAAAAM g “faMdEoR TFSE" ofF A nddA
e BE3Y wnEd 221y ' EE 248 gAdste d
TEY Fe 2t AL AnEn. e 9gdd 2o Exsy
84 Sdlage] B 2He 2A4Ed 2dE 4 AEE AL
AT HH WelM deste dAZ 5 3ot
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% 52 ¥ Sbhe H|FUA Tue Bx3d w2
Aol o& ALEFH A AR F 4 S
f2k, aP2, C/EBPa % PPARy 9 2d oAl a9& Yeld
= 6a WA 6ce  HEHLAY dGde E
22| 2F(USMOS) A el g FF- Sl
Akt ¥ p-AS1609] HEHUYE YEIA
T 7a 2 7be U Toe] BX sy w24t 2813 (USMOS)
Pz

3
w843 wE =B8H AW nAE #F & PCO(principal coordinate)
4 Z3%EF YEphdt

T 92 u3YgAd Zdeo ExIY g4l &8 19 (USMOS)
+8AAHN mE =BH AW ¢F WMIFE Lhylum)olA wlw 4
AZRE YEIAT.

2o

E  10a ¥ 10bE HIAAE =EY EXFHY  TUFE
&2 T (USMOS) Ao wh& pS2, PR L CTSDS] mRNA 2 %& vebdch,
11L& wiggA doke] B3l w24k 22l 19 (USMOS) A el

w2 PGC-1a, ERRa, GATA3 % FOXA12] mRNA 23 kg viebdich,
T 128 LA Ty Exsdy wREA &2 22 (USMOS) 9

2

b1
&
rlo
=
el -
rio,
ox,
U
av
o
e
Hd
o
o i
¢ d
4r
e
r b
o
i)

0
=
w2
=
S
@
o

[29e A8 98 TAAA Ue
olst, AAl dE B =

o w—g— 9% A3 d¥stnz @
olg A4 di e2x B ¥3e w TAHCE 49y A Aoz,
2 owge axe] meh B o33 W97t olF UA del 943 A=A
Fethe RS F AACNA B A4S AR Aol golA AR Aol

14



10

15

20

25

30

WO 2016/159554

AAl 1 &4 &2uge] A=z
E T EAH(poly-mannuronate; poly M)S AFE3st7] st L4t
UEF 1 g(Wako, Osaka Japan)@ &7] 0.3 M HCl 100 ml2 23 100°C o)A
2A1t B¢ JMEEgith. Jldd €974 JYEE-HCIR NS 500 g2 5 B
T A4 EEEid EEE HAELS FHRFA L8AAT. SFHFF
Sl HHE] 0.1 Mo] HEE A
zA@ste] 500 g, 5% T¢ 94 EYZ FAAN HAE

=
R EA SEld AlXE HE 71E2 AMEsHth(Haug, A et al. A study
of the constitution of alginic acid by partial acid hydrolysis.
ActaChemicaScandinavica, 1966, 20(1): 183-190. ¥ Joo, D. S. et al.
Preparation of oligosaccharides from alginic acid by enzymic
hydrolysis. Korean Society of Food Science and Technology, 1996,
28(1): 146-151).

H YA wde B33y wg2d 2du3de AxRsr ¢sd
2009 29 Uiz o5 ZEdA AMAsts A& AU DNA HERRE
glolgelglola AEd vREAF EBiiso] 3 ORFlld g EHE

FAAE pMAL-c2x 2d
dAlst AxdE F@A
10-1277706) .

40 Lo A (ampicillin, 100 pg/me)o] A7E  Luria-
Bertani (LB)oll 500 mée] A7) A= 82 A #5755 AFs 37T A
sk, 600 mellA  FFEIZE 0.4-0.57F HAE  wW, HjgA
IPTG(Isopropyl-3-D-thiogalactopyranoside) % %7} 0.3 mMo] HEZS
HAE & 12417 Fob wjdeigich. wikol ¥ F wjgAL 158 B
9,000 goll Al A4 Feldt] AEE AHAZTG. AME AXE pH 7.09 10
mM ¢14F 9+F 9l (phosphate buffer)2 2 X/ A7 FA)

x
3ty =1 B3 (sonication)E AAEIT ZEALE F
B

)

of =TI ¥ BL21(DE3) w#Fo £
3 FE o] &3} FEE3F

ol
W o
rN
e
44

O
=

158 &<]F 9,000 golA dAEZHE AAEAH. dAdE" F EddE
FedeE  FEAZ ARRESien,  vEEAN TR E4H(poly-

15
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mannuronate(poly M))& 0.3% ¥EZ2 pH 7.09] 10 mM A2F &ZF8 1L
59 & HAF 5571 1 mdo] HEE AgNO3E H7bstch. 2.5 L @& 7] (KBT
KB-250, Japan)E ol&3to] 45TColA 48A Tt 71E Ei ¥EE
A&, vks F ExFF 3,000 Daolste] &nF EFES
3he] of 3t AlA®l(VivaFlow 50, Sartorius, Ag, Germany)l % o
ol T4 dx ¥ ¥ nHIAdH T Exsy UrEL &9
Azt

S ngde A AFRE FAsy] At weta2utE a9 (thin-
layer chromatography)g AA

dkel Exsy mREA &89S 0.1 mg/

ol

¢

AAgs Q-F&e @ XL 0 E = 4

ge] =Xy

uhAA] o (obL] 22 b el Bho] =
2

0.
m)& AH&ste] elngde] EAE AU,

AAle] 20 nEAY Tde EXHY UREN Hxd 74 2

724 53 ¥4

2 AgddAe AlyDil &k BalEaiE o] &3k
LRt EANS &3 F F2EE usdd 2dY EXHE mREA
2dugd EEEL FYddgd A== (VivaFlow 50, Sartorius)& ©]-&3td
A% 3000 Da ©]dte EIES FHIY. HFYE ddY EXIHY
SR EA SEln'e FATS E487] fstd, EHlE AEE o] ud
4+ AW (Hitrap DEAE Sepharose FF, GE Healthcare)& ©o]&3to] A A 3%
T 54z AZRY. AAE vggd 29 BEgY wREd
gugde Ed &3 T UPLC/NS A" FAFozH F4T E4&
Tt | .

Z3AF o A AZRvtEOdH (Ultra  Performance  Liquid

Chromatography; UPLC, Waters) 413 ACQUITY UPLC BEH C18(1.7 m
1.0x<100 mm, Waters) BHE o]L3Fom 0.4 mi/EoA 128 Fot &0
A[15 mM Amylamine 2 25 mM HFIP(Hexafluoroisopropanol)]¢t &%) B(15 mM

16
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Amylamin 2 25 mM HFIP in Acetonitrile)®] A3 Tuj& Zdsct. C18-

UPLCE & 5ol Y g s AFEA7])(Quadrupole-Time of Flight, Q-

TOF, Waters)& #3710}, Q-TOFE ESI WJAEH REoA B3 on,
ADels) 2 WEYF(sampling cone)®] AL zZHzt 3 kY L 40 V,
28l (desolvation)® < 600 L/h, 2% 300C, a2 2E% 120T
oM ZAAR. TOF MS dlojBls 2fAIZE2 0.5 & m/z 100-1300
Helol A EAssit. 49 ASEE H3 BE B4 2 ng/we] 72
AAZH(leucine enkephalin, ESI U[AEH ZEZoA 554.2619 Da)&

ST g o]l(lock spray) & A3},

E 24 @ F UFel, HaAy P TIHY VR

gengel AREY 2% wBAY Voo BEAY BREN 2L

d WA 7R gez TA4Hel gow, 53 s Rng wREN

23ng ARz wrh 8ol AL HASol VIR we B B2
'8(:)1 o) A

AAH HgdAd ZTde Exg b EA gelado] Ao
H A dorel ¥31y g E4F 28 19 (non-reducing end of Saturated

Mannuronic Acid Oligosaccharide; SMOS)RE T}t $A3tA] &AL &

kg gde ExId wwEAd S USMS)H HIgHdA

Tde X3y b EA YuF(MS)Y HES dEd Aades T 39

AARAT. = 37 Zo] udy T B wREA 2Jngde

gL 2dy 3Y 9REdt 2Ya3 B #Ha 2v) o)t HdA
o}

S =
24 Y 2A%E oed Zoh 19
(m/z 193),% (m/z 369), 3F (m/z 545), 4% (m/z 722), 5% (m/z 898)
6% (m/z 1074), 7% (m/z 1250).
47 wgdd wde Exgy

H &g 4387 Aot 99 F oM &3 (Circular Dichroism; CD, J-
715 spectropolarimeter, JASCO)S o] &3} WUH3F oM RF 25 E
43tk A7) D Az A2oAM 1 ] FHE ]88k 190-250 mm
ddolAl FHAHsGon, dBFAY e D A2EE 471 Hstd A

=22
HEYA 2de] EXsy gl 221192 1 mg/m FEE ARSI

2

HREd 2Py WHE
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RHREALZ2ZEA TAHS QolHy] st AA(peak, 200 m THE
Z&), A A (trough, 215 nm EFE ZHE ZAstE wtREan ZFE24

H&2 AdsRen, Avde gest 2o

Lo

o

(1) peak/trough < 1, mannuronic acid/guluronic acid
2.0(peak/trough)
(2) peak/trough > 1, mannuronic acid/guluronic acid

27(peak/trough) + 40

T 4ol & F Uxo], HIFYAM "o EXFY w24t
219 e BFEAN/FEEA HlEo] 2.12(peak=6.66, trough=6.42)U<&
gholst AT},

AAld 3 HZEYEAd "o EXIY A &gngd o
AAAFE AEHA A

313-L1 ARAFAHAZE DMEM ujj 2] o Bl %5} of
HAZFAAN (confluency)ol o2 0.5 mM IBMX(isobutylmethylxanthine,
IBMX), 1 mM “*—l*}ﬂ]*}t(dexamethasone)"7!! 1 pg/md QA& 31(01"‘ MDI) o &
2¢ X A” F 1 pg/mt de™ol ZPE DEWER HAZ 4842
o7 iﬂiﬂficq 7%% ¢ ARAEE 32 FEsHT. H]Q}%L}é

Aestaled, 7°a‘ 3}1 AAEL] AY FH R ES A 7‘3‘5_% ed

T 5o AAIG wie} Zo], FAALE 29 HE 0 AAE GG &
FeEn Aoz AEXE @A A I Tdo] Ex3y gLt
22uFE 0.2 mg/md FEZ A Al d2T diH] APAEY 24 H= 0
AARE7F WA F) FHAT. dolrt 0¥ A= 02 FAE FAR] o] A
MAE ZZ3la A A7 vFYA oo o)FAFS FAF USMOSTH
PzT e FAAE FHE o 40 % JAEF e, wdA Tk
3y wReA ggude Af AWNEH As adrr dxzT el o

18
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15% BER Asgol el o] F A7 P40l FulT el 2% 8498
g3k}, | |

313-L1 AWATHATE FLT WHoR AMAEE EIAA
Mgdy B BTy HREA 2 0.2 ng/ml FEE A F
GeneJET RNA A=Al 7]E Hiiol wlet RNA & F X% &3 AxU aP2,
Zut B3 #aE §AX C/EBP a (CAAT enhancer binding protein a) %
PPARY (Peroxisome proliferator-activated receptor) y W3 A 24 E
= 49 eI

T 50 uUekd uwRe} Zo], HEYY T EXE RFEL
&3 A HEF 6] LdFe] aP2, C/EBPa % PPARy & Z+Z}b 255,
60% Z 40% JABE FAFFAU. T3 vFAA LYoo 23HF RtFEL
2 ug di8] gujgk g3t oS A5 ATt

AA e 4: HZPA 2o EXsy WUl &7 25T 24
g -

L6 ZSHAEE 10% o] did DMEM ®iAol wid F 2% &
A2 mAsE L6 AEXE 43 EAT. @43 £33 L6 25
Az WixE ¥ DMEM wixE w3ste] HiFAA %}%91 ExX3ty

=
e H
o
o,

0.2 mg/mt, FFoZ 1 AELG Ay F
9 %}-—ﬁ}"o o2 A gt’/] Zol A= HHX]E 21]7%0}'7 U]E] 7} 5

EAqste  EETS AAFAT. [3H]-2-d A S F 222 ([3H]-2-
0.04 wf BE2 158 AAF F (B2
HEA| 2R 2 2E L83 KRH 45 AE &3] AAstn WYdE PBSE
o, AlE 83 &FA(Cell lysis buffer)E
F  AFAIe7l(scintillation counter)i
A (rad10act1v1ty)*§— SAsto] ¢4 2T Agd @E &

= 6ol AAIG whob FZo], nlgAA TEY =T

g wwEad
2 1Fe A Al FANRERFA A&+A(0.2 pMF Bmdte FAE A
U 9 5471 8L st usidAd 2de x3d UwEA
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Al

A€
w2 o] AMPK(AMP-activated protein kinase)® <A<l

0.2 mg/ml FEE
C.C(Compound C, 1 pM<t vl 3

A A" A FETFIE Aol wet v

Akt -2 AS1609]
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H&ta, =23 DNAY  FEY «EE A7) o} 8] A
== (nanodrop) & E&3d] FAHF F, optr2A AVEETEES T
£33 DNA W= A3 E EYE DN ¥59 <25 &9s5igtr. 228 DA
M2 165 rRNA AR ZZ 2 93ld AFo] Eoldoz AFsE= VI-

7} g & (hypervariable  region)< x3sl= 27F A v}k
= g} o] 1) (GAGTTTGATCMTGGCTCAG) &4 518R ek
I 2} o] M (WITACCGCGGCTGCTGG) & o] &8t 94TColA 58 F<¢  =x7]

H A (denaturation) Al17]1al, 94 TCollA] 30%, 55CollA 45%, 72TColA] 1&
Z=2 308 HbESle FE PRE 43 & QlAquick A F& 7]E(Qiagen,
rmany)E S8 AAFT PR AEE GS Junior Titanium system(Roche,
rmany) B7IMEEAIIE o] &3td  mle] 2 A A (pyrosequencing) &
st on olzAFdd Fod WRF ¥wFEL A X I AHRoche) 9]
ol Wl @A AT 4 (Chunlab, Korea)oll A Faa-ict,

T 7o AAG upel Fo], H|FUAY Ede EXsiy whwEA
EACE Fog ] gt FE 2 #3 %!
A A F(Firnicutes)ol &34 i A FFF2 Roseburia sp. =
ctobacillus sp.7} &MY = HE, ux¥A o] high fat diet;
D) thHul Z+zh ok 4% 2 2% FUF st #EF WUt dojwon, g
g M o (Bacteroidetes)dl &3t Clostridium sp. 3 Ruminococcus
TF7F 2z oF 198 HAEE SUEAT .45

T 8o AAE wlek o], PCO EAE T3 v Lo
X3y RFEA $Y13E S8AHAT =AY A 1MdEY HY
3 AR 7AdEY FHe AW gEIs
ATk T HFYA Ty E¥XIy TREd Lnd AH
Hd&E 3 fArg AW 4FE TS st

T 9o AAIG nupel Fol, wiFAdA wdol EIIY wFEL

2}

r

8] @AM T (Bacteroidetes)?t  °F  22% TUFEH, Adldoz
o ]

FAbsH st e RS
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A 6 HgQy dee EXsY wHEd gdndd
AEEZA 534 7% &<
2 dFaA A}8®  17B-estradiol® Sigma (St. Louis, MO,
USA)oll A FAste] AMR3F on), DMEM/F12(Dulbecco’ s modified Eagle' s
medium/F12), $-Ejo}d A (Fetal bovine serum), Opti-MEM ®ix] %
AYHA-2EFErto]aE  Gibco (NY, USAOAM  F4s3ith. PBSE
WelGENE(Daegu, Korea), AIX A4 J]E(CCK-8)= - Dojindo Molecular
Technologies (Tokyo, Japan), RNeasy 4% 7]E& QIAGEN(Hiden, Germany),
A S=dL  Cell Applications(San Diego, USA), FuGENE HDE
Promega(Madison, WI, USA)olA sl AL-&31% o},
MCF-7 A EE 10%9] ¢ejoldd, AUAdB-2EHEr}o]4l(100 U/me)
2 1% A& QlE™ol XFE DMEM/F1Z wiXelA 37C =] w3l
NrEZA F7A AL A3 A ERE(estrogen response element)-
g

olz &4 % pS2, PR, CISD, PGC-1a, ERR, GATA3 2 FOXO1

94 2oy EXdy w24 28lu3E 0.1 mg/m FEE

} pEGFP-C1-FRa, 3X

ERE TATA luc ¥ pRL-SV40& FuGENE HD A]2FE o] &3t MCF-7 A%l

EW@2HH(transfection) & &3t FAlHe o= BAS AR oH,

GeneJET RNA A Al 7]E wWslo] wal RNA 5% ¥ pS2, PR, CTSD, PGC-1a.,
ERR, GATA3 % FOX019] L@ 4g A-AIZF PCRE &EQ13}SiT,

= 1090 ARG e} Zo], BIZAA T

4 Exsly mbgE4
2 udg A HTUAF T ¥y UrEA ndd a2
Aq=E=A Alad &F fFHAQA pS29 Aol dxT diH] <k 5
Z7tet e, £33 JdAERZA(E2, 17B-estradiol)d vIZAA Teho
B x5ty

shr2a 2elag ¥y Ao Al AAERA $44 a(FRa .

estrogen receptor a)ol &%

Z7Fskal, CISDY 2Ha& 7

glige] deFgoes o

d4g 243 FUssich
= 110 AAIG u"pe} Zo], uHEAA Ede EBxsy RhREd

22
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g1 A7l Al PGC-1a (peroxisome proliferator-activated receptor c
coactivator-la) = HA} :E1|Ql ERRa (estrogen related receptor. a )<l
32 =J7MAAH, FRa A2 7 283+o] GATA3(GATA binding protein
3)9} FOXO1 (forkhead box protein A1)e] mRNA 2@& Z7MA 7 0 2 A
ArEZA 44 %< #E A& dUdA.

AN 7: wlgdy Tere] B¥gy o
P 2 d2ERA B4Y Fd /1A BAE
NSy Yoo 2rsy WREN 2
daEza #5Y FA7A B AAH 2=
T 120] AN wps}h Pol, niBAAY T BT Y v

SYug Ao we P, FPdu R d2E2A FeA

4
rf
>
fifo
ich
k
ofl
)
ot
=
[

K

2% Ay, B39Ad 2do EXSy whgEAs 2839 A2Al AMPK
FA3E E& PGC-1a el ®#do]l ZF7F Hi, PGC-1a¥ AP FEUYY
ERRs(estrogen related receptor a, B, y)& 43 AlA A4t B
A E 2AAZA02A FuT FgRE Ze AE G F AjG. =
% U APKE ke dAdE BEEE uidgdezA AuAE g Abs

= 28 92 PaC-1Ed e B rlEE=gol #™ FAHAEY

ubzh, v|ZIAA doe] E¥x Iy
& £F PCG-la WAL F7HAIHA,
o]

% =
Aze] wd 2 Fo FUHE T ded AL E

m ot Rt
2

Sl GATA3 2 FOX012] mRNA 2&d& F7FA71Z, ERRa % PGC-1a 9
4@ FUhAZ wet, BlEdAd g2

2,
PGC-1aol 9l&3d+E= ERa AR 98 EREE 43t AA ozE=zA
A9 71e S Ze Ao AT

w3, HBgA dao] EXxy vhy st g Al A
752 MM Fu|wt X E FF(Roseburia sp., Lactobacillus sp.)&

27427131 w9t A FEFF(Clostridium sp. Ruminococcus sp.)E& ZAAAIA

=

23
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Batzol #nuk oy A 7FE M B drEZA A4 =
a5E 2e Aoz UG

1. Qin J1 et al. A hﬁman gut microbial gene catalogue
established by metagenomic sequencing. nature. 2010. 59-65

2. Human Microbiome Project Consortium. Structure, function and
diversity of the healthy human microbiome. nature. 2012. 207-214

3. Turnbaugh PJ et al. An obesity-associated gut microbiome with
increased capacity for energy harvest. nature. 2006. 1027-31

4. Nadal 1 et al. ts in clostridia, bacteroides and
immunoglobulin-coating fecal bacteria associated with weight loss in
obese adolescents. Int J Obes(Lond). 2009, 758-767

5. Neyrinck AM et al. Prebiotic Effects of Wheat Arabinoxylan
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Fig. Sb

[2A3] YNY SAne[oY
zde

[3A3] YNY 2AnejY
vdg3/

[9A9] YNY 2A13e|9Y
ANVdd




WO 2016/159554 PCT/KR2016/002873
6/14

Fig. 6a
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Fig. 6¢
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Fig. 8
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Fig. 10a
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Fig. 10b

E2: 17B-estradiol(positive control)
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