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Abstract — The aim of the present research program was to construct an optimum fermentation
system and to characterize the properties of cathepsin B inhibitor from Séreptomyces chromofuscus
SMF28. Glucose and casitone were proved to be good carbon source and nitrogen source, respecti-
vely. The production of inhibitor was high at lower concentration than 10 mM of inorganic phos-
phate. The optimum temperature and pH for the production of inhibitor were 30C and pH 7,
respectively. The production of inhibitor was related to mycelial growth and was affected by me-
dium composition. The inhibitor in culture fiitrate of S. chromofuscus SMF28 was purified by buta-
nol extraction, silica gel chromatography, Amberlite IRC-50 (H* form) chromatography, preparative
TLC, and preparative HPLC. From amino acid analysis and UV, IR, '"H-NMR spectroscopic analysis,
the inhibitor was identified as a peptide containing valine and phenylalanine derivative.
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tomyces chromofuscus SMF28-8 A}4-8}¢ici12). ¥
2§ vk 79 RESL 2= Bennett's ¥iZ]E At
Sstolc), ofufeks HjF F49 vk 3% glu-
cose, 1.7% soytone, 0.3% peptone, 0.1% yeast ext-
ract, 0.1% CaC(O;%= FAX wiz]|E ApLslgo). 2
vl ok 0.05% KH.FPO,, 0.17% K .HPO, 0.03% Na(l,
0.001% ZnCl,, 0.0003% MnCl;-4H:0, 0.001% CaCl,*
2H,0, 0.03% MgS0,:-7TH;0, 0.001% FeSO,-7H-0,
0.001% CuSO,-7TH,0-& 71¢ wiA|Z 3}ed flask Wi
4g FajA i, ALY E A HAHFEE A
At e dH AL, Frida, Frlel2 &
€ w2 Hadlo Hrpsksdo

A B

TFA S Ax FAHDCW)E FAsrt GF
/C Whatman filter paper® wuj<fe)-& 7hsh oA/
F 2242 A3l myceliad 343% F, 80C dry-
ing ovenel|A] 24|17} Axs FAE FAIAC-
afjefel o] ¥ & v} =% Dinitrosalicylic acid(DNS)
i o @ Aakaleti13). ¢ F ol FX specific
ion analyzer(Model EA 940, Orion Research, USA)
2 2A3ch wi ok A5 10 mi<ll [SA(onic Stre-
ngth Adjuster, Orion Research) 0.1 m{-& H 7}t %
kel A o] meterd] YR AL FESE
2235199}, v|g] FFHOE o)L meters H A}
o] © ), H=2-& ammonia specific ion membrane A=
(Orion Research)S Ap&-3}%itd.
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Cathepsin B #3f #4& Barretto] WS WY
3oy 35hedti14). 96 well microplate] ZF wellel]
v of AFSo-& 10 WA #5315 5 ug/ml FEE incu-
bation buffers] =<l papaing 100 w4 ¥ % 37C
incubator(JEIO TECH CoJel 10E7F AA|slgid)k
o)o] 10 mg/m/ %2 BANA(N-a-Benzoyl-p-Argi-
nine-B-Naphthylamide- HCl) £°4& 40 w* 7}3sloq
2 TEo F F 205-7F vkgA|7]3, coupling rea-
gentS 7}sle] Wb FhAl7|Z 1087 AR 81
"k 2|7} Control-& ¥k-5- A2 Aell coupling rea-
gent3 7}3}oloml sample blankele Al&E diAle
Zako] 2845 7}sleith Microplate reader(THE-
RMOmax: Molecular Devices)S ¢]£-3}e4 405 nm
A9 FHEE HAsl FHEY FUHE T
8] wale] A Al A EE ohL- Ao E AAbsksich
1% %9t 1umole?] AFE{2-naphthylamine)& A
3= cathepsin B g 50% A3l= A3|=HE
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kg 1U(unit)= #9sldt}

% = 3| %}"éﬁé—'}g X 100

(A: sk} BIFH7A] &4 84, B: ke HrpA
it g4

Trypsinol] 23k A& 42 N-a-Benzoyl-p-Argi-
nine-p-Nitroanilide(BAPNA)E 7] 4 2, papain®i] *&t
#13 #AL p-Glu-Phe-Leu-p-nitroanilide(PFLNA)E
714 &, pepsine] tHg+ A3 A2 bovine serum
albumin-g 7]3 =, serratiopeptidaseel] o3 =3l
#A1S hammarsten caseing Z|AZ 27z} A}&-5)d]

=3 s}oir),

B Q¥ Z=H

F 2} A Ao ABAE ¥ 2E 0.85% saline solu-
tionol] x| F HAH glycerold 713l 20%
(v/v) Fx7) S5 3 7L 4F EiE tubed] 5
m/ 253 oh&, —50C deep freezerel W FH I
sl =g}, S v k& 50 m/ baffled flaskell S+
w2 100 - i A} =L JAgk A Es|
rotary shakerol 4] 150 rpm 2.2 27t sfFgF ¥+ £
ol HEPow ALsigicl A EH2] Wilel v
e odokle] <A3kg FAREH] #3le, BAagst
A4de] 25 ¢ 3%, FUU449 v, AR F
2529 xxo o33kg 500m/ baffled flaskE A&
8loick

B2 pjeke. 500 m/ baffled flaskel]l  ujYguix]E
50 /4 @3 T4 lgAE 5%7F HEE HEN F
309 rotary shakerell4] 150 rpmo.& 347t wiek
i), WEZXE o] &3 3F Wik 251 HaEax
(Korea Fermentor Co.)& AM&-3lod gl £x=5 300
rpm, £7] 22 0.5 vvm e 2 A A3k pHe| 222
SEA] HxE o]&3te 2N NaOHe} HCIE pHE
AA s A S2AA Fck gy Lxo dgk2 @ik
£% 300 rpm, £7]% 0.5vvm, pH 72 A3} vl
of 22 95 30, 35CE e|sly wFsHA Alw
2 25l AsEAe] FAE vwslsich v pH
9] of3ke wul £% 300 rpm, 713 05 vwwm, X
30CE AT pHE 6, 7, 8 9= el sled ul o
st A|RE AFsle ANEAS] BE v
.

Cathepsin B X832 =

Butano! && v J4-& GF/C filter paper(What-
man) & ojzate] ofZ}edg& 100CeH 10873 dA
2] 5}¢ic}. Rotary vacuum evaporator(EYELA, Tokyo
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alkakikai Co., Ltd) 2 wjefel}-g& F&3led Ru&E &4
F xZoBe] 3u) ¥-39] p-butanol®E. FZF3}A FF
g ZIty-Edtgh 54 YAE B84 EES
A= 2 A Az

Silica gel chromatography Butanol &% =2%F
e P4 x=HE silica gel column(2.8X50 cm)e|
% 2FA]71 3 butanol-methanol-water(d : 1. 2)& %
zshgch A4 £3& Yol evaporatorE ZEH
F SR S A1 R

Amberlite IRC-50(H*) chromatography Silica
gel chromatography2%-8 42 &4 F&59S Am-
berlite IRC-50 column(2.8X25 cm)ell F2+A1F] F 3
2} 2% 80% methanol, 80% methanoi(0.04N HCI
H7h o8 &A1z} 34 £3& Rol evapora-
tor2 71zE3% ¥ methanold] =%th

Preparative TLC Amberlite IRC-50(H") chroma-
tography 238 4.2 A NS silica gele] ==
thin layer chromatography(DC-plastikfolien Kiesel-
gel 60 F254,‘ 20X 20 cm, 0.2 mm) plateol] streaking
sladc}. Butanol-methanol-water(4 © 1: 2) Z7§-8-ui
2 AARZI ¥, UV light(254 nm) 3}el|A4 band=
gol8}al spatular® & F<% t}E n-butanol=
33 FZ3lgick FF9-& evaporatorE. AUAFHE
F Eo &3jA1A FAAEEHAL

Preparative HPLC Preparative thin layer chro-
matography 255 -2 A F2& HPLCE -&ue
L8127 F 244 2L YAFesle AAL
A} 2ol & membrane filter paper(Whatman, 0.45 um)
2 o33tgdch Al53 GS8-310 column(JAIGEL Co.}
o] 221§t ¥ 70% methanol(0.01% TFA )& £
o] = 3}od preparative HPLC(Waters Delta Prep
4000)E S8 3tg ). Flow rate 5m//min. & 31,
UV detector(Waters 484)2 214 nm2} 3}Abe]| A €]
FPx g 23yt 8AE3 L evaporator® ¢

&2 F FZAARAZ oS 40% methanol(0.01%
TFA 8% &9l& 3} preparative HPLCE <+
el A HE8L evaporatorZ FbEE% F
FAAZAZ) g BAAE FA

ajEalel E2dsty o &4

Uv 82 §3 50ug9 Al8-F butanold] F<l
& UV-visible recording spectrophotometer(UV-265,
Shimadzu)E o]%3}% 200~400 nmeol| A F=+ spect-
rums FAbstec)

Infrared spectroscopic analysis IR spectropho-
tometer(Model IFS 66, Bruker)& o83} A&
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Aol A F ~dEeEHS A3k 200 ug
A EA 5g2] KBr& &3H8lo] pellet maker&
E3) pellet-2 342171 &, 4000~400 cm™'9] M A
W ool 4] AH ERE ZAMSHC

'H-NMR Asleal EA IH.NMR A#HERL
Bruker AMX-500 NMR spectrometer2 37 3}sict.
A% AHEA 5mge 0.6 mie] CDsODe| =91 F
5.0 mm probeell 2o} 500 MHz2 ZA&c)

43 3 ug

HESES WE siX|=H

e gle] £7d o2 A EAL] A4 FE =
g A3 glucose(3% w/vyE Z1AE AH8-315e
A 8] 24| cathepsin B A& A4 3 A5
(Yer)o)l 7} 58l tiTable 1). A F7

2 AERAY A4 e =AR 49, 8 A
Ao B]3l] casitone-d 3H7}31s1E ol FH S 4
R A g APakAde] €-53] FskciTable 2). Casi-
tone?] %7} 718 +E @A Az S8
o} A A QAaekS casitone FE7F 3%7F €
W7tz Z7)slclrl 1 ol FE ZrAdtgich AAE
(Y02 sle] 2%E casitone A F=2 HAY
sdor. Arlkshe FrladArd Y FEE ¥HEAA A
SEAe] A S AR A3 0~10mM FX
7R = A2l 241 2 cathepsin * &&= o] A Alol]
£ zfelz} gldort, 10 mM eo]Abel| A= cathepsin
A 54 AJaryatake] A8 Aol Table
3). F-71alxgdE w2 HrlelA] o2 wfR] 2 7§—r°1
= wfofelul) FolAtgd o] Fx7l 403 mM AXEE
25} ol FF gd T} casitone S EH-E 7

Table 1. Effect of glucose concentration on the inhibi-
tor production

Glucose  Final DCW Inhibitor  Yield(Y,4)
(g/D pH /M (X10°U/1) (X10°U/p)

0 8.53 4.18 1.10 0.26

5 7.33 8.56 4.47 0.52

10 6.60 8.58 4.03 0.47

20 6.35 7.01 4.73 0.67

30 6.33 4.39 8.59 1.96

50 6.05 3.53 4.33 1.23

75 5.66 2.96 4.28 145

100 6.03 4.42 2.94 0.67

Glucose was added to the culture medium containing
1% peptone as the nitrogen source.
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Table 2. Effect of nitrogen sources on the inhibitor

production
Nitrogen Final DCW Inhibitor Yield(Y,.)
source pH (/) (X10°U/D) (X10°U/g)
No addition 724 1.01 0.28 0.28
Skim milk 6.62 — 0.73 —
Na-caseinate 6.09 4.36 2.99 0.69
Casitone 645 9.26 11.52 1.24
Casamino 825 138 1.50 1.09
acid
Peptone 591 684 241 0.35
Soytone 720 332 2.86 0.86
Yeast 708 418 4,93 1.18
extract

The nitrogen sources (1%, w/v) were added to the
culture medium containing 3% glucose as the carbon

source,

Table 3. Effect of inorganic phosphate concentration
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Fig. 1. Effect of temperature on the growth (A) and
production of inhibitor (B).

The culture was carried out using the optimized inhi-
bitor production medium containing 3% glucose and
2% casitone at pH 7.0. 25C(0), 30C(®) and 35T(A).

Table 4. Comparison of kinetic parameters in batch
cultures at various pH

on the inhibitor production

Phosphate Final DCW  Inhibitor  Yield(Y,.)
(mM) pH @h (X10°U/D) (X10°U/g)

0 6.19 8.03 16.09 2.00

5 6.19 7.05 16.65 2.36

10 6.21 8.11 16.68 2.06

25 6.00 6.19 7.84 1.27

35 6.29 413 6.01 1.46

Inorgarnic phosphate was added to the culture medium
containing 3% glucose and 2% casitone.

e Zlog dxksct

XNSEAle WE W WE SHHH Y

mjol %o upZ A EAe] A S-S ZAM
A3, 30Ccd o o AAAJS Bk 35CY FE
A= E7lel= 30CoA v djo} FARE AR
A2 A EA AFibe] Frlsiclrl A A A 7]
Eo7paA AIEA PakAlel FAsA AT
(Fig. 1). w9} pHel w& AHsllE2e i A&
ZARE A3, pH 704 A& Ao v xe
(qp) AAFTE(Yex) B F o A4AHY-E HcKTable 4).

A 3tE) ZTANA WAFTE o]E3sld X7k
o] WE FAZE AMERY A, T FE,
dRF o)l29 Fx WzE A3 A} Fig 29
Ao} IR F o]l FEe Z7)d kA Fr)E)
t}7} 24A)17F o] F ZrAEllew 37AIZE o] FH-E|=
FAsHA F0)sle S Bk A A AL
WAz ot FA4sHA Frksldeirr A A7)

Kinetic parameters pH

b 7 8 9
Specific growth 004 007 008 0.09
rate, u (h™ )
Maximum inhibitor 457 828 5032 243
production
(X10° U/
Specific inhibitor 052 085 023 0.19
production rate,
qp (X10* U/g/h)
Inhibitor yield, 1.14 122 042 032

Yo (X10° U/g)

The culture was carried out using the optimized pro-
tease inhibitor production medium containing 3% glu-
cose and 2% casitone at 30C. The pH was controlled

using a two-way pH controller by the addition of 1IN
HCI and 1IN NaQH.

HAERHA FA3HA ALy o] A2 E o
B AL #F7F A4Sk cathepsin B A3l E3S
A FA 3} Af/" RARAELE & F Uk ¢
2y ol Txrl FAHSHA F718l7] AlME o 3
2 ik HaEde] F73E AIHIDE HIAF
el Rl HAE F wiSY 37 A|7]E dEF
0] FEE HAHFo s A AHY ¢ Utk

X Eael £

sj el g &g F FH3t FHE £ o+
butanol® F23}%c}. ButanolZ #44 K8 =3 F
silica gel chromatography & s3stcy 1 A3 F
e A F-Eo) EAistes AL o 7 Uit AHA
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Fig. 2. Changes in the concentration of glucose (A),
ammonium ion (A), biomass (O), and inhibitor (®)
in the optimized batch culture of Streptomyces chromo-
Juscus SMF28.

The culture was carried out using the optimized inhi-
bitor production condition containing 3% glucose and
2% casitone at 30C and pH 7.0.
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Fig. 3. Preparative HPLC.

The sample solution was applied to the (5-310 column
and then eluted with 40% methanol containing 0.01%
trifluoroacetate. The flow rate was 5 mi min~! and fra-
ctions of 5 m!/ were collected.

g B3g >33 F Amberlite IRC-50 chromatog-
raphy & 5>303}sic} 80% methanol(0.04N HCl &)
& 7}3t]e o] A4 peako) vigton] MAvt A
AA=A) BARYS 533 F #38 TLCE

Kor. | Appl. Microbiol. Biotechnol.

Table 5. Protease inhibitory spectrum of protease inhi-
bitor produced by S. chromofuscus SM¥28 on various
protease

Protease Substrate Inhibition

Thiol protease

Papain PFLNA +

Cathepsin B BANA +
Serine protease

Trypsin BAPNA +
Metallo-protease

Serratiopeptidase Casein —
Aspartic protease

Pepsin Albumin -

+: More than 90%, * : Less than 10%, —: No inhibi-
tion, PFLNA: p-Glu-Phe-Leu-p-Nitroanilide, BANA: N-
a-Benzoyl-Arg-B-Naphthylamide, BAPNA: N-a-Benzoyl-
Arg-p-Nitroanilide

Fajslsich 254 nme] A4 Z2 band2 Role
RE(Rf=04—06)& FHel butanol® FE31%
t}h, FENE F5F F FHAF3I 70% methanol
(0.01% TFA #H)S &= 3] E£3& HPLCE
T3 eyPslact. FEAEYE Yol 53 F F
AAZE F, 40% methanol(0.01% TFA T+ &
2 sled o}A] £-28 HPLCE F3W3ksdciFig 3).
o] 7le] peako® FE|Hwdl I F 87.58%
peakoll A A& Bl BAFHE 553 F &
AAxs] Y] S dith

A ERNS WY AHETH

2] AAE A EHY {71 A EHA
Ao g A} A2 Table 59} 2o} 2 AAR
A s AL cathepsin B #%t oljg} cysteine pro-
tease?! papainoll | E A s| A& el AL,

£ serine protease, metallo-protease, aspartic pro-
tease ol A3 BAS epiA] 9o} cysteine
protease o]l HEAYE o + Uk

M 2Ae E2lHes | 4

+34 HPLCEZRE d& HIEHLE Y2 X
22 4], butanoldl]l 3¢ UV FF=E =4 A
27349} 2580 nmellA FIFEF eplicHFig 4).
IR ~#H e8]+ 1635 & 1540 cm™' F-ZolA &
3)2)2) peptide bond® C=0 FF3F7t UL,
3300 cm Lol amide Fs#HANE RoFAcKFig. 5).
=3t 2059 cm ol G7t2-¢ C-H streching band”}
Far= et o)eppe AxEHE Fed HIyPEHE
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Fig. 4. Ultraviolet absorbance spectrum of the purified
inhibitor in butanol.

50 pg of inhibitor was dissolved in butanol and ultra-
violet absorbance spectrum was analyzed by using an
UV-visible spectrophotometer.
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aromatic ring-& 7}3l peptide 292 <& 4 9k
3k2x]qk A& E2 8 conc-HCIE X 311471 & 115Co)
A 24417k HESAIR ohE, obW|xAl ZAL B
A3 valine?t #AE AR v AE), IH-NMR &
A A3 7.3 ppmell A A3 Q) aromatic CsHs peak 7}
A5 en, 0.8~09ppm Alotell A valine®) CH
(CHa)* proton peak&o) ##5%vKFig 6). o]s}z&
Az Re F2 A EAS valine®} phenylala-
nine XA 32 aromatic o}v|xArL 8l
peptide’d =2 FH= ). olejyt Fxo) Tae
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Fig. 5. FT-IR spectrum of the purified inhibitor.

200 pg of inhibitor was mixed with 5 g of KBr and
KBr pellet of inhibitor was made by pellet maker. The
infrared radiation range was 4,000~400 cm™!,
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Fig. 6. '"H-NMR spectrum of the purified inhibitor in CD;0D.
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@Al 742 Mid cathepsin B Ad=Ad= & 7
o2 FA").

2 o

Streptomyces chromofuscus SM¥F280] Aibsl+= A
FAleF cathepsin B A3 &2 wa 54 A
A 24S S73)7] 5t I S B¢ U8
THEH AFE Rt A S e A
Ao A BAHF AT/ ZH 2 )+ growth asso-
ciated typeelglor, &4y A4 FH) =
To ZA 43S 9wl "o 2= glucoser}
WA Ajrslglon, A FEE 3% o= 9y
Ak AA2NO = casitoned AHE-313S o A& EA
HArAdo]l A Frkstede). F-7]9l4td e Fx7) 10
mM o]3ld w Aibde] & AR jePgow,
Asl-g-A AAtell #HAH§ 2xef pHeE 22k 30Ce)
pH 74l 7122 utsdZc} Streptomyces chromofuscus
SMF28 vljckoll © & B ¥ cathpsin B #] 8l -%-2- buta-
nol %, silica gel 227227, Amberlite IRC-
50(H* form) I Evwle 18y, 38 TLC, 3%
HPLCE ARg-3te] E23palct. A AHAEAS
UV, IR, 'H-NMR spectrum HA3} ojn| 4l A
24 73} valine®} phenylalanine -§%A)2} 7
aromatic °}v]:cAFS §-8-3 peptideA] EAZR F

A=t
aAe| 2

B AT #TleAd A AAL U Axr|s)
WAL A dFue] i e Elgick & Al
W Eae T AW ER A0S dTAE ¢
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