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Anti-Obesitic Effects of Cathepsin S Inhibitory Fraction
Derived from Paecilomyces tenuipes in Mice Fed a High-Fat Diet

Keon Heo*, Kil-Sun Myoung, Jung-Hee Lee, and Chul-Sung Huh
R&D Center, Korea Yakult Co., Ltd.

Abstract In this study, cathepsin S (CTSS) inhibitory fraction was isolated from Paecilomyces tenuipes and anti-obesitic
effects of the fraction were evaluated in mice, fed a high-fat diet. Hot water extract of P. tenuipes (DHW) was divided
into 2 fractions, water eluate fraction (DHP1) and methanol eluate fraction (DHP2) using Diaion HP-20. IC,, values for
DHW, DHPI1 and DHP2 against CTSS were 108.7, 890.3 and 2.3 ng/mL, respectively. To evaluate anti-obesitic effects of
the fractions, each fraction was administrated orally to C57BL/6 mice for 4 weeks with a high-fat diet. DHP2 had the
highest inhibitory effect on CTSS activity, causing serious reduction in weight gain, a reduction in the amount of adipose
tissue and in serum lipids levels. These results suggest that the inhibition of CTSS by compounds derived from P, tenuipes
may be effective in preventing and in ameliorating obesity.
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M 2 CTSSE Ao za Hvke AAAIE F ke 7Fsde
28laL CTSS A8 A Aej#| & LEE&Z screeningdhs 7[HESE
HTRE o =] A<} Anle] Eddol <Jsix] Aol Aol s A7EIL AUTHE).

Fd F4= Q= s oriskedl, 2 UL HEs] v TEFZTIER(PL tenuipes)= H*g*ﬂ'*— FAdshs BdAF
A QA FA LA DHE AHo| e Aoz dEXA| Paecilomyces%:9l &3l= WATLZ FE 7.6-9.5%, 2HHA
I ATH1R). vEe O AR 58 O AYES Agsle] A 57.5-61.8%, ZAY 6.4-9.8%, 3|& 3.5-5.6% STOZ FAH Q)
7ol FAAQ1 Fae vAA Hev 53] dRH, AdaA 2 om g opu|Ake E3SH 175:9] obn|iite] EoJJUTH9). o]
2k 9, 3571 Aoll, Y (osteoarthritis) 52 A FA 7T Bl %= D-mannitol, ergosterol 5°¢] $FFo] A= ASZE deiA
T 34). AAAIH SR iRk Ql7E F43] Fojual glow H] AEE(10) 71E0 W3H FEEZR| A%S Idgan,

dol A2z wadl ABels] o] AARATNAE 9 AeBRE, Guzas GAEdsEH, Beshis, BF A
Wg el WPoE BA 2w AWOR BRI Jrke). m A WHES 3 FUSHES o] UTKI01). A EEEFE

Al Bl thEk EFARl A F Wgo] HAdE Aol GrFEE] CTSSO S AfFoaEzn APAEY w3tE

Cathepsin S(CTSS)= cysteine protease®] SPFZEA] X|Whe] 27 AL B WA F Uvke AHE ERIEET12)
7 BHEE g A E7E T4 2 A(extracellular matrix ele- B Ao wE2E5FINER EFFEEZNE CTSSHE A&
men)E-S Eallshs EHS 7 e Aoz dHA Uthe). e dgHo g REsie] o] §8 A MY %S PIAE
CTSSE= AlE7-Ee] a4l Q49 fibronecting Hel o 24 % F JdEA e e A8 ]-EZEHJJ‘:” S o]&3le] CTSS
W A A E (preadipocyte)e] AWM ER O] B3l F Q3 A w2& Tl aALA )R vk fFEAY w2 E

Fejstael WskE oMKtk CTSSE Q7ke] A 2HolNE  olgdte] Pulvt AFS AT
Sd 3 Bl gl viseigel AN FrdEe 2
o] BalA wwkst WHE WAL Fol LeAThT). H2ole ME L HH

*Corresponding author: Keon Heo, R&D Center, Korea Yakult Co., = s

Ltd., Yongin, Gyeonggi 446-901, Korea TEETINRE AATTE R Hol A& w2553}
Tel: 82-31-899-7845 = 6 Zz222 Jl8l 3 o°CcE 147 EoF 1S}
Fax: 82-31-899-7710 o ST O 045 um membrane e ASHAZDHW)
E-mail: gunny@re.yakult.co.kr _

Received May 27, 2009; revised June 24, 2009; © A|]1 Diaion HP-20(Mitsubishi Chemical, Tokyo, Japan)
accepted June 25, 2009 = /\Pl A 24M7F FRF methanolel]l HHFol EEEH 71EE

446



A oS HHE oA £

i

R

A A3FATE. Wet volume 500mLe] XS 27 5cm, 9|
60cme] frEjdde] FXAZ $ 712 219 methanols} S/
£ ol&ele AR F£AE AFSIAY w1 EEeE 95
FEE AFd 500mLE TR FEAFLH 2L FHRTE
AHste SRR ke AEES WE 2o} DHPICE Y3}
o} A SFAEESL 219 80% methanolZ FEA|H B
W 3kitt. DHW, DHP1, DHP2= B 72t 21t
Easisl 7 o A ARS-SHAT

CTSSMIEY &4

TEEEsE F8 BIYEECTSS JAITAL Shindo 5(13)
o] WS 5-83le 43T} =, 100mM potassium phosphate
A8 N (pH 6.5)°] 5mM DIT, 4mM EDTA, 80 uM Z-Val-Val-
Arg-MCA(Biomol, Plymouth, PA, USA) 2 #&3l swo| w15
ZoE AEE TS ¢ HETHSZ 3nge] CTSSEA(Biomol,
Plymouth, PA, USA)YE #7}5to] wk-g-gle] 35 Hu]7} 250 uL
7b HeE @ & A0S Al en 37°CAlA F 25
o WHSAI7|THA] 3= (excitation/emission=360 nm/460 nm)E
g3I3AT) CTSS Al &2 ol e 2oz Atslditt.

CTSS A&l&(%)=((A-B)—(C-D))/(A-B)x100

AN ot

A: Fluorescence without test sample after incubation for 25 min
B: Fluorescence without test sample before incubation

C: Fluorescence with test sample after incubation for 25 min
D: Fluorescence with test sample before incubation

HES=Q AF % 40|

AZF 8-13g%) 37F ] 2 C57BL6 vH4-22F Japan SLC
(Kotoh-cho, Japan)ollX] F3ted 157U FF P40l T3
WA el AR 3 ARSSiTh A8 71t F vheAE
AR gy le] dewo® vtk ddesd

2 ul =

Table 1. Compositions of experimental diets (Unit: g/100 g diet)

&l cathepsin S #13f &5 2] |7k oA &3}
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IA A oS FF3 HFDE, DHWS A oldl] 1% &3
slo] FH38 DHW-1-, DHWE ZAWoldl 02% E3Hste]
=3¢t DHW-0.2, DHP1-E& AW ole)] 02% st 353
DHP1, DHP2E AW olof 02% E3sle] F53t DHP2Z
ojRem HHe Fx&t7] Y3 ZA|2o]ZE Research Diets
AKNew Brunswick, NJ, USA)2] D12451(Z=Z2] +4: AW 45%,
Be3lE 35%, T 20%)S ARSEIITE 24 AEFEES] AR
242 Table 19 YERHI. wh-2w & Alo|x]o] 1m2]¥] A}
SEom AL Ll 24°C, FEE 50%, WS 1247 7H
Aoz 243}

Aol dHH AFTrtge 1579 23] St 45 A
A7 AAAR vy gEEe 2 vFARL - At

S &

= 7
AAE 2 A71AEs e S 4°Col 7,000xg2 1587F

BE ZEstden A B4l AR-sAY 80

g3 9o A, F ZE2HE, HDLEY ZHE I3 &
e 5 olAbA| 9K )(Seoul, Korea)?] do A48 kits o] &
slo] A3} &, SRS Triglyceride kit, & S 2HE
£ V-cholesterol kit, HDLZd|2H]| =& HDL-cholesterol kit S ©|
319t} FWASER| 4 (Artherogenic index, Aly= T3k 74o]
AXrEATh A= Ed|2EHS-HDLE Y| |2 )/HDLZ Y ~H| =,

SEfstS WHsl 3

Az o] FAE S48 St s A5 Fagk 2w
H Arkbgd oz AHS O AAAE RS
231tk A4 AWAE 2715 E9l
Z4o] ¥ AYE4S 4% formaldehyde8-<Y
o2 A% thy FAe @5 #H S AR T paraffing S A
2J8}e] paraffin block2 Y& 5 4 ume] F7|2 AH3)510] hema-

BN

Experimental groups

Ingredient
HFD DHW-1 DHW-0.2 DHP1 DHP2

Casein 233 23.1 233 233 233
L-Cystine 0.3 0.3 0.3 0.3 0.3
Corn Starch 8.5 8.4 8.5 8.5 8.5
Maltodextrin 10 11.7 11.5 11.6 11.6 11.6
Sucrose 20.1 19.9 20.1 20.1 20.1
Cellulose 5.8 5.8 5.8 5.8 5.8
Soybean oil 2.9 2.9 2.9 2.9 2.9
Lard 20.7 20.5 20.6 20.6 20.6
Mineral mixure" 1.2 1.2 12 1.2 12
Dicalcium phosphate 1.5 1.5 1.5 1.5 1.5
Calcium phosphate 0.6 0.6 0.6 0.6 0.6
Potassium citrate 1.9 1.9 1.9 1.9 1.9
Vitamin mixture® 1.2 1.2 12 1.2 12
Choline Bitartrate 0.2 0.2 0.2 0.2 0.2
DHW? - 1 0.2 - -

DHP1¥ - - - 0.2 -

DHP2 - - - - 0.2

D2Research Diets D12451 mineral mix S10026, vitamin mix V10001
SDHW: hot water extract of P, tenuipes

YDHP1: water eluate of the partial fraction unadsorbed onto HP-20 resin of DHW
SDHP2: 80% methanol eluate of the partial fraction adsorbed on to HP-20 resin of DHW
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Fig. 1. Inhibitory activity of the fractions derived from P.
tenuipes on cathepsin S. Each value is expressed as mean+SD in
triplicate experiments. DHW: hot water extract of P. fenuipes,
DHP1: water eluent of the partial fraction unadsorbed onto HP-20
resin of DHW, DHP2: 80% methanol eluate of the partial fraction
adsorbed on to HP-20 resin of DHW.

CTSS inhibition (%)

toxylin} eosin®.Z FA3 F FdAn| Aoz AA3IS )
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23y oa
CTSS Xl 2ol MxE

DHWZRE| CTSS sl 2e 42e Edgoz 55
A7) skl %71800E o18F FE W TFF FAAE o]

23 ARvEDHE 58 A&3 Eo FHEH5A2 Diaion
HP-200] CTSS A3 A& Eolo a3t IS LA =AUk
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Table 2. IC,, values of the fractions derived from P. fenuipes for

CTSS
Fraction IC,, (ng/mL)
DHW?" 108.7
DHP1? 890.3
DHP2? 2.3

"DHW: hot water extract of P tenuipes

PDHP1: water eluate of the partial fraction unadsorbed onto HP-20
resin of DHW

YDHP2: 80% methanol eluate of the partial fraction adsorbed on to
HP-20 resin of DHW

th. ztzbe] B3] tste] CTSSAS A4S =Hs) & Ax
DHP2oIA 7FE =& A3 &S BEAtkFig 1). 4 E3E9
CTSSel st IC;& A& A3} DHP27L 2.3 pg/mlE 452
A A Aol wjsle] oF 5082 12 743l Diaion HP-207
A& o]&3s CTSSAsEEe] de ARES EHF R 17
4 55 F JSS IRNE 4 JJTHTable 2).

Shindo 5(13) FE£&%53x2e LS &2 Paecilomyces
carneus®] W FN O ZHE] Paecilopeptin®|2= CTSS A|A|1E &
g 2 7z T4 Aot Paecilopeptin® CTSS2| 71291 e}
o|lE9} fAE FRE JHAAL Q7] Wil AAA A& eS8
Aoz HRlth FEEFsIFRAE Tds) ofn|icite] TR
Ao dHA Jom(9) w8 W=t ARS-E Diaion HP-
20 FA7F HEPOlERE FA8] EElshet A ol 8Ea
7] wZell(16-18) wEEZF 32 &5 DHP2dl| 554 CTSS A
g A= Hepo|=Fd 7FsAdo] itk 53] DHP2E TLCE #
NE F HAelo|=FE BASET 20)E ninhydrin® 2 A
AE W FH24 spoto] A vehbe & olE SREE|IF
S tH(data not shown).

% fff

¢

CTSS XMafl &&lo| MESS7t ou &2t

a2 el EREEE il IS 4ol 4470 9 ¥
As st % Aol dFHFS S4F AFHE Table 30 e
th 45 B9t ¥ AFEHES A¥EYH DHWE 1% 9
DHW-1%(4.85+0.77 g)3} CTSS #3l&8<Ql DHP2E 02% =<l
DHP2-(2.24+1.26 g)°] HFD* (11.86+1.47 g)oll ¥lsled AT 5
7I7F A2 ZAsthp<0.01). AF S7F AR HH
DHW-1+3+ DHP2Z°] ZHz} 59, 81%2] 9Al&-S T DHP2

Table 3. Effects of the fractions derived from P. fenuipes on the body weight gains, the food intakes and the food efficiency ratio in mice

fed a high-fat diet

Group Fraction Body weight gains Food intake Food F:ﬁ'lcie?cy
treated 28 days(g) g/day (g/day) Ratio (%)*
HFD - 11.86+1.47 0.42+0.05 2.84+0.17 14.86+1.11
DHW-1 1% DHW" 4.85+0.77** 0.17+0.27** 2.17+0.08** 8.00+1.32%*
DHW-0.2 0.2% DHW 10.3£1.66" 0.37+0.06" 2.57+0.14%*# 14.26£1.61%*%
DHP1 0.2% DHP1? 11.58+2.04* 0.41+£0.07* 2.65+0.12%% 15.57+2.49*
DHP2 0.2% DHP2? 2.24+1.26%*# 0.08+0.05%*" 2.214+0.25%%* 3.76+2.27**H

Values are means+SD (n=8 per group).

*compared with HFD group (*: p<0.05, **: p<0.01, t-test unpaired comparison)
“compared with DHW-1 group (*: p<0.05, #: p<0.01, t-test unpaired comparison)

YDHW: hot water extract of P. tenuipes

f)DHPI: water eluate of the partial fraction unadsorbed onto HP-20 resin of DHW
9DHP2: 80% methanol eluate of the partial fraction adsorbed on to HP-20 resin of DHW
YFood efficiency ratio (%)=body weight gains/day per food intake/day X 100.
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Table 4. Effects of the fractions derived from P. fenuipes on the
adipose tissue weights in mice fed a high-fat diet

. Epididymal fat pad
Group Fraction Fat pad (mg)
treated at pad (mg
Fat pad (g) /BW (g)
HFD - 1.09+0.18 36.41+4.76
DHW-1 1% DHW" 0.34+0.04** 14.14+1.61%%*
DHW-0.2 0.2% DHW 0.77£0.19%%# 26 5844 4**#
DHPI 02% DHP1?  0.97+0.14* 33.01+3.29*
DHP2 02% DHP2Y  0.21£0.08***  10.43+3.74***

Values are means£SD (n=8 per group).

*compared with HFD group (*: p<0.05, **: p<0.01, t-test unpaired
comparison)

fcompared with DHW-1 group (*: p<0.05, #: p<0.01, t-test unpaired
comparison)

UDHW: hot water extract of P. tenuipes

PDHP1: water eluent of the partial fraction unadsorbed onto HP-20
resin of DHW

9DHP2: 80% methanol eluate of the partial fraction adsorbed on to
HP-20 resin of DHW

29 AEF7 A %S DHW-17 B} 23 (p<0.0)o2
=9kt DHP29] FolZko] DHWS] 589 1 59U< 7okt
W DHP29] AF Z7F Al E5°] DHWO) |3l Y53 =0}
oS ¢+ AUtk Diaion HP-200 F2=A] 43 S/HFE &

Z5 Y DHP1Z 02% 9<l DHPIAE AT 571 A &
7 JeRA] gkokon) DHWE DHP2¢F EdaHA 02% H<

DHW-0270l e AE 71 oA @371 nu|siinh. 4ol 4d3
2o RE A3 FEo| HFDT(2.84+0.17)) Bl fodeg 7+

2 cathepsin S A3l] 2] 2] B]RF A &3}
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28 AFS Yo 3] DHW-1:(2.17£0.08)2 DHP270]
71 e HelAth2.21£0.25). AF 57 AAEAE AP+
59 AMEE &S BT HFDwl Blete fejAo=z 7hAasaich
HFD3*, DHW-15*, DHP2:9| AlE& &S 717t 14.85, 8.00,
3.76% SIdl, DHP27-2 HFDT %F ofyz} DHW-13-l v]3}
A% AR EEo] FolFoR TAasHATHp<0.01).

DHWZ 1% $8lAY DHP2E 02% T3k A9 AlEas
AAT] ZaAA ASF7HE JAeke a3dE RoFie o
t R 2olidF o] S5 Wi AT
AZog CTSS Aol 23 Aol Acta)
& AolidF o] o= A& 7|AES FeRE B
Q. B FrHoR Aol go] FU HHEEE restricted
pair feedingS ©]8-3F A¥-S 3PS oo
g woh gahe deke yE e Zlojth
X|xZEo| FAHf Z=Zo| Bi5|

AHSE SIYAI - ANl Farsk A 24
dlo] S-S ZHBIATHTable 4). F23 A 239 53
9 Aol e 2A FHOR 3AEte] vws)E A3} DHW-1
(14.14+1.61 mg/g Body Weight, BW), DHW-0.2(26.58+4.4
mg/g BW), DHP27(10.43+£3.74 mg/g BW)2| AHtz4e] o]
HFDw*(36.41£4.76 mg/g BW)ol| H|5l Fo]d o2 Wotth(p<0.01).
DHP2-9] 73-9- DHW-1°]] H]&tH e 192 (p<0.05) o2 W2 2
I5 HolFo] DHP29] A 74 &¥7F DHWHUE 5% &
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Fig. 2. Effect of the fractions derived from P. tenuipes on epididymal fat pads in mice fed a high fat diet. Epididymal fat pads are stained
with Haematoxylin and eosin (Original magnificationx 200). HFD, Group fed a high-fat diet; DHW-1, Group treated with 1% (w/w) DHW (hot
water extract of P. tenuipes); DHW-0.2, Group treated with 0.2% (w/w) DHW; DHP1, Group treated with 0.2% (w/w) DHP1 (water eluate of
the partial fraction unadsorbed onto HP-20 resin of DHW); DHP2, Group treated with 0.2% (w/w) DHP2 (80% methanol eluate of the partial
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Table 5. Effects of the fractions derived from P. tenuipes on serum lipid levels in mice fed a high fat diet

Fraction Triglycerides

Total cholesterol HDL cholesterol

Group treated (mg/dL) (mg/dL) (mg/dL) Al index”
HFD - 62.30+14.69 157.24+16.56 87.5411.80 0.8120.25
DHW-1 1% DHW" 53.90+8.34 108.20-18.06** 84.70+15.56 0.43+0.41
DHW-0.2 0.2% DHW 54.64+1891 136.22+19.58" 80.13+8.60 0.69+0.33
DHP1 0.2% DHP1? 54.64+3.72 155.42425.50" 98.36+4.78* 0.46+0.23*
DHP2 0.2% DHP2” 43.47+3.99* 117.44:32,08** 73.03+7.92* 0.73+0.45

Values are means+SD (n=8 per group).

*compared with HFD group (*: p<0.05, **: p<0.01, t-test unpaired comparison)
“compared with DHW-1 group (*: p<0.05, #: p<0.01, t-test unpaired comparison)

YDHW: hot water extract of P. tenuipes

f)DHPl: water eluent of the partial fraction unadsorbed onto HP-20 resin of DHW
SDHP2: 80% methanol eluate of the partial fraction adsorbed on to HP-20 resin of DHW
Y Atherogenic index (AT)=(total cholesterol-HDL cholesterol)/HDL cholesterol

FE 95 U a9 AdSS ERIE F Uit e o]
g3t gtk A 2329 Z7|E St A3 Fig 20014 B
4 J5°] DHW-1+3 DHP2w9] A|W=2|e Z7|7F dA3] 7
A3t olge e AWAE B3l Fodsh= CTSSY
gAo] Asjgezxn Yehte 432 sNE & don =EF
%
=

I~

S BESol AelN Aol FHe gaAens AF
e oA YUk A5 & 5 Ak

gy XE s

7t AT dAAA FEE B4% AF3E Table 59 o}
BRI @A) AR HFD(62.30£14.69 mg/dL)ell B3}
o] DHP2:(43.47+3.99 mg/dLlA] freldo g 72123130 tk(p<0.05).
DHW, DHP1 5& 5% Aoz 84 4% 5=t
oy fojdolx] gttt 55slxe] F FuLHEY
ZA$-E DHP27(117.44+32.08 mg/dL)°] HFD(157.24+16.65 mg/
dLyll Hlste] fejdoz 7Askd ok (p<0.01), DHW-13+(108.20
£18.06 mg/dL)¥= f+914Q1 Apol& HolA] st FH=HE
S ZAYA roz gulsto A AR HEAYE 7S o)
+=(19) HDLZ ¥ 2H &8 DHP2w4(73.03£7.92 mg/dL)°] HFD<-
(87.50+11.80 mg/dL)el| ®]ate] fre]H o2 7HAgh RE(p<0.05),
DHP1+(98.36+4.78 mg/dL)°] HFDTol v]sle] fojdog Z7}
3 EH(p<0.05). &7 3}X]4=(Atherogenic index, A)= DHP1 4
H-(0.46£0.23)°] HFD-(0.81£025) HT} fo]8o = 7H4alg
Th(p<0.05).

Ttz 8% A At &= olv] Ak ®Hare np
Atk Koo 50y &538l% Cordyceps militaris FEE%S 3%
o AlEel Ao HAE w 8 AFE BAATE Gt A
g B339 o™, Koh 521-23)% Cordyceps militaris ==
Paecilomyces japonica®] AAA] = dAR] S FHlA HA
< o €Y ARE YEFe 2t du Rueld & d74
FNME DHWE 1% FA3 AdeFolr] 83 x@o] 7+4sd
ow DHP2E Fogt AgFodr s 2 a3t = 5=
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2HE 7§ &34= DHP2ETH= DHPIGA =7 Uehgsd
£E532 FFEES] Diaion HP20xZ]0] 95t 5 Zd
ZHE 2L ANAAE F e AEE°] DHP2 Hrh= DHPI

o oEREe FsAe AN AnEA FAHHe A}

o ok
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Cysteine protease®] 4&21 CTSS7} HlFhol] Fofglitl= Zlo
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E ATEs TEEFIIERERE CTSSHs 84S 72k 238
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E235% d432ES Diaion HP-20 4] & o] Fol| ujzbx
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£ I4325, DHPI, DHP27| 22} 108.7, 890.3, 2.3 pg/mLo]3}
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