FIAETHIA A3 A1
Korean J. Biotechnol. Bioeng.
Vol. 23, No. 1, 59-64(2008)

Streptococcus faecalis var. liguefaciens MMIE 1NMTIHE 0|28t
Casein Phosphopeptides 4

- B

oz

[

ol 7| A - Al xj§

—

Ho

st
5t

0x

]
(™% : 2007. 11. 7.,

Ady g tABS
I 4E3es
ARISS! : 2008. 2. 20)

Production of casein phosphopeptides using Streptococcus
faecalls var. liguefaciens cell immobilization
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Optimum conditions for production of casein phosphopeptides (CPP) from sodium casenate by immobilized cell culture of
Streptococcus faecalis var. liquefaciens were investigated. Immobilized cells were made by mixing 60% sodium alginate
solution with an equal volume of culture broth at the end of exponential phase and subsequently dropping the mixture into
CaCl, solution. Optimum conditions for CPP production by the immobilized cells were the same as those (50T, pH 7.0, and
10% substrate concentration) by the crude enzyme solution from the supernatant of culture broth. Optimum loading volume of
the immobilized cells into a batch reactor was 30% (w/v). Using a continuous reactor loaded by the immobilized cells under
the identified optimal conditions, we were able to produce CPP continuously up to 30 days with a maximum CPP conversion

efficiency of 20%.
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ARG, 1)0] Utk AL o] &3 w2 A g T
o AR HAPoR st AFAREAN o] &Aoo e
Aol glon, S48 {9 proteases LFEES CPPE
d&F AT, ke HRol AUtk HIZde HaF 7HA4
o] AYIHA Ao 2 vIAE FH: < proteaseE AHE
3o CPPE A2 Bzt Johs). weEtA, v fedl
proteaseZ ©]&-3HAA WA S A% ANEIAHHE
o] &% CPPe Ak AAAH AHE /Mot A
REAEZTAANA B9 & AN Bol kol A
333 e wAE ¥ 2 AQA A 2FHAA kg
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(CPP) RS BEHoZ fakde A%< Streprococcus faecalis
var. liquefaciens7} A3eh= EAF ol g3luzl AAE nA3}
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AP%‘E-’F
B AP A ALRS FF= Streprococcus faecalis var.
llquefaczensolfq Trypic Soy BrothZ 23] Atk & glycerol
o] 20% FHE wiA] W BAsh

Casein phosphopeptides (CPP) 3|

287129 sodium caseinate®] A}ETFF HFAS 15%
748t 50Tl A 8A1ZE B¢t ¥H-3-A171 & 100TAA 102
7 B82S AR gg EAEHEES casein® FAFHQA
pH 46914 AAAZT A5 94L 3,000 rpmol A 1023+
ANEYsIY A5HE FFsln CaCLE ATdd s
2%, ethanol 50% 713l AAANZHoH, AAES Ax3

of A8 CPPE 3439t

MAE CPP 2R3 =3

AAbE CPPe] B B el B 4L et Swank
T (16)%] ¥ wa} sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE)E 3}3}%it}. Separating gel
buffers+= 1% SDS, 1.0 M H3PO, (Tris €7]Z pH 5008
Z2H)E A 125% gel FE00A 60ve FHgtoez Ao
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5000 rpmoll A 308 T AR FAE 35
BTE SHRFE 338 AFso gA] nYHAA Ags}
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ALES Gt #ARASE Y8 AFEE EF 9 alginate
TEe HTHOE 3% (wv7l HEE XA T 4% (w)v)
CaCly = 2H,0 £ A&AA 7 <F 3mm9] Ca-alginate
bead & A3t

=z
T

A
2

m F°"

L

LN
©
=
7.0
e

ok r[r ofo

Immobilized cell& 0|&%t CPP2| A=

CPP A zAEL HA387] 8t 98 7129 sodium
caseinate®] 4712l A3 H Ca-alginate beadE 7}5}e] W2
NZ F, o] wrgdS 100TAHA 1087 B843F A7) oe
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2ENES pH 46904 THFA A F T 45HE& 3,000
rpm°ﬂ’"] 1027t AAEYS S A5AE 35 &, CCLE
Aol tjdte 2%, ethanolS HHS-d HFFEe| 50% 75t
o AAANZeH, HAEL AZ3Y9 CPPE A=A

Batch typett27|0 2|5t CPP AAt

Batch typetit-S-7]o] 9|8 CPP AlAe A2l ZalaaE AL
st g3 % bead A}% 3, P%iE 7149 pH, 713
T 59 o7 27AA ¥EAA H-LAI7He] ©E CPPY
FE 2Asd W HAH 24E FYPH.

Continuous typettS7|0fl 2|5t CPP M
Continuous type¥r-&7]o] ¢J3 CPP A4H2 A s A
g ‘5‘}37101] A872E FYstoq 3719 3&4
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“2H,0 1 g& 315193 Reagent BE NaCO; 20 g3} NaOH
4 g& THST 1,000 mto] &334 Th Reagent C= reagent
BE 1:50¢] Hl&=2 Tt AEstdx, A7 F A
ZA sttt CPPE AHEA 317] Y3t &4 05 gol
71k 1087 WX S 3 2v) 4%
Folin-Ciocalteu’s phenol reagent 0.25 m(E 7}3te] 2087
A 3tATk. 660 moll A o] E3tele] FIEE ZAHS AT CPP
9] A2 AGE crpe] ¥ HVME Z1AZRHY A
2 4 = Jd CPP 49 vl Y3
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Streptococcus faecalis var. liquefaciens proteased]
9|3t CPP MAIRS

10% Sodium cascinateS 33+ Wl R0l Streprococcus faecalis
var. liquefaciens cell.& FF3 & 37CAA 20417 F<F vl
A71EA CPPY] A8E FRAG A MY 8AIZA| o] CPPY
Aol 71 Bk Azl Aol wel Cppe A4t
FEL GG £ AFFE ATARE T8
Al&ated 16417t W4F4 7] 2717F HATEFg. 1). WF

Foll Streptococcus faecalis var. liquefaciens25E 2| ¥
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protease®] HAEA &4 2HE olR7] 9519 10% sodium
caseinate &9 "]'7]—’] W FAS 1.5% FYsted Zzhe
&%= % pHol & CPPe| AMFES 24T A 50T,
pH 7.0~80°14 ol BirakE e AThFig. 2).
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Figure 1. CPP conversion efficiency by Streptococcus faecalis var.
liquefaciens (culture ®: Cell growth, 4: CPP conversion efficiency).
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Figure 2. Effect of temperature (A) and pH (B) on CPP conversion
efficiency by the culture broth of Streptococcus faecalis var.
liquefaciens.

Streptococcus faecalis var. liquefacienstl 2|5t CPP
9| &&II8st

10% Sodium caseinate & Wl A Streptococcus faecalis
var. liquefacienss W &ste 38 CPPo ZaA A

38 APE 47 o] 2.5 mM, POSTE 10 mMY o)
0.15 mg/mé® CPPE EFste] ZHgo] 100% &= At
Z, Zgd s 15819 CPPE AMSStH Zgd BR84S
A = SE &Sl SHT ol Streptococcus faecalis
var. liquefaciens®| 93] A4+d CPPY ZH71437t 7t
g 243 n, olgjd ZFAE Naito (12)9] Bish 22
Aoltt,

Characterization of the produced CPP by Streptococcus
faecalis var. liquefaciens

10% Sodium caseinate &g 7142 3t Streptococcus
faecalis var. liquefaciens®] W) g3 A}83}o] A zd CPP
9] By BEE golry] 9sta] SDS-PAGES 3ttt
71491 sodium caseinate-S-%, AHAHEQ] proteaseo] 2|3 3}
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9] B¢ BAFE 17,000 oo oM, crude CPPY] Ex}3
< 3,000~17,000 °|ith ol EAR o] 4,6009] a-CPPS}
Bzpeko] 3,1009) B-CPP 9jof T & FF9 peptide EF 0]
ZAsn 97 JEoE ALsE. A4E cppy A EF
a-CPP$} B-CPPe| A& & & glorz a4 o3 casein
B3 ES CPPEEE (a-CPPY} B-CPP)OlE} 3= Ao AT
g Ao|t}. Ca-ethanol AR 2 A 33 CPP= A
2o 3,000~6,500%8 =2 e
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Figure 3. Effect of CPP concentration on calcium phosphate solubility
(Ca™= 25 mM, PO, "= 10 mM).
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O 3 ol28lek} B3k dLARE 4.
A 23 g e A A2 2382 23
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a7t Bho Azto] Aol whegl 7o o] HH
6AZREE F 71A 18 wWyd gE EAW AFSF
o ztol7h HolF & ¢ F UXAUTHFig 4B). FAWE A
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Figure 4. Comparison of immobilization methods on CPP conversion
efficiency and cell growth in the bead (®: Culture broth immobilization,
A: Washed cell immobilization).
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ye

1338 FAE o]&3le] CPPE AN o, beadd) AL
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182%8 ¥& FF019omH bead A% HI#H 3l CPP
9] AAFEE ZV1EET i F AR EE 30%E ANS
He W S e FHAE JERIUT 40% AHE Aldie
2318 2489 hFig. SA). A bioreactor 2] bead AL
Fe NZAF dvl 30% F=7F CPPAME 3 HH=EA
ojglernz Lo RE AFL 71d% thHl 30%2) beadE
ALgstel 3PS YA

1™t eAQ o5 CPP Mitol HISR2E, W pH, 7|

To| HE

Aol ALE-F TFQ Streptococcus faecalis var. liquefaciens
9] 33 H{/LEE 37Co A% o] Fo| AA3le protease )
AR g e 50THM HheE HechFig 2). @A
CPP A}+E A% W8 258 45T ¥ 50T, 55T, 60C=
o] FHA 1PgE FAE o]E4F AE LR
& CPPY AAFE&S RAEIATH ZE 250X CPPY
ARTFEo] WE 3 10/ FE3] F7189oY 10
ARk o] ZREE XA At 121 protease’} T
¥ sjgdoz A Aol o] 50T 71 g2
%9l CPp7F AAFEII o™ 45T, 55Cote Aozt =A] Egt
01} 60T 7% CPP AXk&o| 238 YolxthFg. 5B).
ukS-7] A 9] pHol| WE proteased] FAE Yolr 7] 95t
pH 60 ¥ pH 7.0, pH 80, pH 9022 u-371Ae] pHE
zA8td A9sdd. 2 A9 v 7kA 3¢ EF CPpY
*@4 &o] AlZto] Agel| mel Frkete] 10413 wHSE

< 9 HigS Jdeldor 1047 o] FRE AAF] %i
Sﬁlt}. pH 7.0 W& CPP AAtFE&0) 714 Btoy pH
~pH 9.0¢] HHME H%d Fde BYT pH 6.0011*1“&
¢ ¥ FAE BATHFg 50). AT R JFd Fx
o) @& CPP A4r&S 3937 93+ sodium caseinate
£ 5% % 10%, 15%, 20%2 3t Adgstdth. 2 27 15%
9} 20%29] AFdE 10%RT $e £F0191, 5% 10%9
7% CPPY Ao b &L ¥%F £F& Yehd
£ I8 Ath(Fig. 5D).

_T'_’é"il' Etxlel oSt (X0l CPP MAt

S22 CPPAAHE 913t 34 whgo 93 44
H}'es‘ HH xR A& kg AT Working
volume 200 mé¥ WHE71o) Streptococcus faecalis var.
liquefaciens W) ¥H o] A3 E beadS 712 % tiHl 30%9
Fate 60 g %118}1 % T SOCE 3&4 6ks
£ 10/ B9 A4 & ukgrUE 10% sodium caseinate
49g IN HCl §9& 1%6}01 70082 ZA s}
200 mihr & &2 V1AE FY ]'—Ti AE5HA w2
AP A 4% A7 A5 A|F3HARE 10’\]
7 F BEARA TEste] 8 1097HA) CPP A4t
< 20% FELE AE FAAY 1733} bead] %’E
7t g HE AE AT wEbA 108 w8 F 4%
CaCly. 2H,0 &0l A 24712 < AAIA A ALS-3)
AT CPP AT &L 20% FEE A3 Hakgo]
A AY 5i9 Ao FHAA G AT +
AATHFig. 6).
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Figure 5. Effect of bead content (¢: 10%, ®: 20%, A: 30%, o: 40%
A), temperature (8: 45C, o: 50C, A: 55C, 4: 60C B), pH (®: pH
60, 8: pH7.0, A: pH8.0, ¢: pH9.0 C), and substrate concentration
(A:5%, ¥:10%, ¢:15%, €: 20% D) on CPP conversion efficiency.
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Figure 6. Effect of continuous culture on CPP conversion efficiency
u: CPP conversion efficiency (%).
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