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Casein Phosphopeptide (CPP)—Producing Activity and
Proteolytic Ability by Some Lactic Acid Bacteria
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Abstract

Casein phosphopeptide (CPP) enhances calcium absorption in humans. Lactic acid bacteria (LAB) are capable of synthe-
sis of cell-surface proteinase, which can hydrolyze milk protein and release several types of peptides in the medium. This
study was conducted to characterize proteinase of LAB and to evaluate the CPP production from bovine milk. The content
of CPP of milk produced by cell-free extract of LAB was determined based on the quantity of decomposed peptide from
casein using the O-phthaldialdehyde (OPA) method. The proteolytic activity of LAB was assayed using fluorescein isothio-
cyanate (FITC)-labeled casein. Casein appeared to be a better substrate than whey proteins for extracellular proteinases of
LAB. During fermentation, milk proteins were hydrolyzed by extracellular proteinase of LAB, resulting in an increase in
the amount of free NH, groups. Overall, the results presented here indicate that CPP produced by LAB may be a promising

material for novel applications in the dairy industry.
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o] o}m|i=ito)] Q1L Wo| FH3laL
3k, CPP= %}HO]&JJr Aglsle] 7]41
27 WellA Zgo] FFEHe AS FIAT 7] UH
(Naito, 1986), A% 44/\] A Bago] 714 2
&4 JtHKitts and Yuan, 1992; Schaafsma, 1997). CPP
= vl F oFA3E B EA 2% Hrlslo® 7HEseE
ol Zall B Fre] Eo] A9l glon, vk 4R}
9] 7|50l g= st 7hs e ZleE AR th(Lee
et al., 2008).
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BN 287 2 peptideS 71l A1A 2R peptide
oAt AFElE FFAE e et A8 X
FoH(Law and Haandrinkman, 1997).
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Ax], A=, QF2E 9 2lAfole] FRS AEE AR
3Fa] MRS agar(Difco, USA)OI 37°Coll A 48417+ &<t Y
et the A Jeks He 7FE dgste] &F B

it T2 BES 918t EE @55 MRS broth
of 33 At] ujst ths, YAE2](VS-4000N, Vision,
Korea; 4,000 rpm, 20 min)3}o] A|¥ A E-o ©x)EHF
(10%), glucose(2%), yeast extract (0.3%)7} 72 vjX|=
Azt EFIA). oL vialol 1 mLY B3l &
A7Zslal -80°C] WEarel BastHA ARE-STh

FAk2e| 16S rDNA £

fAHtS MRS brotholl %3+ T3 37°Coll A 18AI13F 2
2k Al v eFste] wi g 2 mLs ¥4lE2] 71(MICRO
17TR, Hanil, Korea)S ©]-83}>] 8,000 rpmol| A 18 F<t
At A dtd de AE JHEL 0.85%
NaClZ 23] AlFsIATh Ald 3, lysozyme(10 mg/mL)
0.5 mLS F7¥she] 37°Co A 1A17F B2t A5k} Pro-
tease K(10 mg/mL) 20 pLe} 10% sodium dodecyl sulfate
(SDS) 25 uLE 71§, 60°CellA 308 A28ttt &
2] Phenol-Chloroform-Isoamyl alcohol(25:24:1yS- 7135}
of 3t & YAEF7|(MICRO 17TR, Hanil, Korea)S
o]-gstd 14,000 rpm 2 5% B 4°CollA] A4l st
of ARt A v oA whESHT Aol 4 1/
2 volume2] 3 M ammonium acetate(pH 4.8)2} 2 volume
9] 100% alcoholE H7}star -20°CAlA] 1X]7F AX|5FAT).
14,000 rpm©.E 5% E<F 4°Co|A PAlRe] dlo] AlE 3
AES IRkl s $3] AAZE $o 70% ethanol
1 mLE Y3 THA] 14,000 rpmO2 5% $9F 4°Co A €
e ek F5A AA F, FRE 100 iLE 93
HalE T2, RNase A(10 mg/mL) 1 pLE F7}3kaL 37°C
oANA 1IXRE AT

Rito 3
FA2Ht2] 16S rDNAS ZZ3}17] 93 forward primer
(341f): (5-TAC GGG AGG CGA CAG-3")9} reverse primer

(534r): (5-ATT ACC GCG GCT GCT GG-3)E AFE-3FA
t}. PCR premix(Bioneer, Cat No. K-2012)° &7/ 17 uL,
forward primer 1 uL, reverse primer 1 pL, DNA 1 uLE 3
7Fsted &£38F & PCRS F33th. PCR FHL& 94°C
oA SEIF A2 F, 94°Col|lA] 135, 62°ColA] 40%, 72°C
ol 402 30 cyclesS WHESIG OB, 72°Co| A 402 E
8-S FTE3MATE PCR WESAHES 0.8% agarose gel=
A7196S AABI ERIs1.e™, PCR product purification
kit(Intron, Korea)S AF2-5la] A5t DNA 97144
2 ABI 3730x1 ZAFs 9714 E #4718 ol83stieH, &
2123} = NCBI blast(www.ncbi.nih.gov/blast/)2] databaseZ
o]-gste] ARSI

FAUZ ME FEE2| M=

MRS broth 200 mLol] f42HTF 2 mLS FE38}ke] 37°C9|
A 24717k vieRl TR @41E-2](VS-4000N, Vision, Korea;
3,000 rpm, 15 min, 4°C)3te] fAkd AEE 3575 & o
719l 50 mM Tris buffer (pH 7.0)5 A7}k icedl| A =
S5 7](VCX500, Sonics & Materials, USA)S ©]-8-35}
o TAE IHSHATE. 1 F oA AAlEElE Bt 3
NS 3|58k ths 500 Da FAS o83t 4°Col|A] 48
ARRE B T4 ohe, RS 218 AlEE ARSI

Sodium caseinate &3l % Casein phospho-

peptide(CPP) Enrichmente]| M=

Sodium caseinate %-3l& A|Z+= Adamson¥} Reynolds
(1995), Corsetti 5-(2003)2] "ol wie} th3-3} o] =3
3t} Sodium-caseinate(Armor) 12.5 g& 50 mM potassium
phosphate buffer(pH 7.5) 250 mLell =<1 &, 43} /-4t
T A A5 100 pLe} chloramphenicolS- 0.1 g/L 2
3L HHE] wRkspHA 37°CellA 48413 WRSAIZ] TR, -20
°Cof| A HWk2-S AHR|A|A sodium-caseinate hydrolysateZ A
Z3tch

A|ZH sodium caseinate F-3& A]F9] 2 N HCIE ©]
831 pH 4.6(£0.2)0 2 Z43F thS 94152 (14,000 rpm,
10min, 4°C)3lth. s dES FHdt 2N NaOH=
pH 7.0202)2.2 ZA3ta HZF volume 1%2] calcium
chlorideE ¥il 2 S35 & J2olA] g AIRF A8
o). HZ volume T ethanolS Y1l &5tsle] QAR
(MICRO 17TR, Hanil, Korea; 7,000 rpm, 10 min, 4°C) 3+
s IAES 353l 54 Axst Al52 ARSI

Casein phosphopeptide(CPP) &2 ™7}

7o g 54 71Z%H CPP enrichmentE 1 g/mLO]
== potassium phosphate bufferol] =91 & 4lEe] 3}
o] AH5lS A|E 2 o-phthaldialdehyde(OPA) S AR
sle] AlgF9] CPP &S H7F S tH(Church et al.,
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1983). OPA HI'H-2 di-sodium tetraborate 7.62 g@} SDS
02 g& SHS 150 mLoll =o]3l, OPA(97%) 0.16 g& 4
mLo] ot 2zt S-S A|H Tt L thS- dithiothreitol
99%(DTT) 0.176 g& Y3l & volume®] 200 mLo] H&E==
ZHE 2 OPA reagentE YH=IT) OPA reagent 3
mL7 @ ZREREE 400 pls EFSEie] 2% Fo
340 nmollA FBE=E SHIATH AFEEES serines
ol-g3te] 1 ke Al
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bt BlePds AT ikt MEAol EAISIE proteinase

o] & HrIsE] 9181 fluorescein isothiocyanate(FITC)
7} BAH caseing 7122 AMESI] 83 spectrophotometer
(Synergy HT, BIO Tek, Winooski, USA)YE ©]&3slo] H7}
3} T}. FITC-labeled casein(Sigma, Product Code PF0100)
714 20 pLell AE 10 uLE incubation buffer(20 mM sodium
phosphate-150 mM sodium chloride, pH 7.6)°l &3}38}]
37°C 272X 6021t BHSAIZATE. o|u, Akt vl
NS pHE 652 2T thy viE AP, AE
AAELS 50mM tris buffer(0.5 g/mL)ol] &3A)1A 23 &}
Ao}, WEg-59l trichloroacetic acid(TCA)ES 150 L 37}3t
T 37°C F2FEAA 308 T4 ESAS) AR F 108
b QAR & A5 10 uLe}t assay buffer(500 mM
tris buffer, pH 8.5) 1 mLS & &3}3}4] excitation I}3+
485 nm2} emission I 535 nme] ZANA SA3FAT

TARTS 10% Gl vidsted €4 223 ohe
ASHNL 045 um syringe filter® J3}slo] A5 2 ALE-
st HETEE 10% SRl lactic acids ©]-&3sh

pHE 452 AT 5 3,000 rpmellA 1023 €44 &
Sl TR 52 0.45 pm syringe filter2 J37}s}e] 3
7Vt 24 2 Quantichrom™ calcium assay kit
(BioAssay systems, USAYS Al&3}o] 96-well plateo] 2}

An Y

it &3

229 tgt FAHTS 16S rDNA sequenced] T35}
543 A= Table 19 EA|E vle} 2T} MRS agarol
FARTS =] 2523 colonyS 23+ TS Gram &
Aate] dr|Fos AEst A9 1 Fejet 5 Aot
BT gAent. A fArS Aol 10805,
kel 12852 el $U7EE) A9 o &
oA ANHE ASZ Enterococcus faecalis’} 1075
Z 552 Jehga, 2079 AS Lactobacillus
plantarum®] 120F FAA 1002 Ut-E XSk
Aoz Yo o5 BT XA ATk d
21221 5782 API 50 CHE ©]&43l9.on, o714 o
71 27} 16S 1DNA 4 AR} tha e 7571 2
Ao}, 16S DNA #2477 99%9] A4S AU+
Ao Z e} 16S IDNA TAAHRE 7|22 AAdE v
AES] &3 FTHS 28 THTable 1).

4

FokEe| CPP M4 £ vl

CPPY] 3 Hrl= AfE e 2w SAskd ¢
HAoZ 7t §= o, S Foll EAlske sl Y
T Bol Agst Hlart ofEE ©o] Ut o|9f T2
A& 7Nt 918t peptide WS 7t CPP &
FA3)7|= 3l=H)|, ©]< sodium-caseinateZF-E] CPPE A3
¥ wj] @o| ALg-E= Mo tH(Corsetti ef al., 2003). CPP
= casein 5 serine®] hydroxyl(-OH) Z7]9l] <12+7]7} A%}
o] e Fejo]7] Wl serine] TS ZANFOZH
VHHOT CPP RS WAL 4 Aok @ ABlAE
CPP] o3t 54& o83l 22F AktS -l
A S the, e EAllshe fElE serine®] W=

Table 1. Identification of lactic acid bacteria by 16S rDNA sequence

Strains Species Identification Origin Strains Species Identification Origin
A-1 Leuconostoc mesenteroides KCCM 35464 A-12 Lactobacillus plantarum Pig feces
A-2 Enterococcus faecalis Kimchi A-13 Lactobacillus plantarum Kimchi
A-3 Lactobacillus plantarum Kimchi A-14 Lactobacillus plantarum Kimchi
A-4 Enterococcus faecalis Kimchi A-15 Lactobacillus plantarum Kimchi
A-5 Enterococcus faecalis Kimchi A-16 Enterococcus durans Dairy product
A-6 Enterococcus faecalis Kimchi A-17 Lactobacillus plantarum Kimchi
A-7 Leuconostoc mesenteroides KCCM 35471 A-18 Lactobacillus rhamnosus Infant feces
A-8 Lactobacillus paracasei Infant feces A-19 Leuconostoc mesenteroides KCCM 40464
A-9 Lactobacillus plantarum KCCM 11322 A-20 Lactobacillus plantarum Kimchi

A-10 Lactobacillus plantarum Kimchi A-21 Enterococcus durans Pig feces
A-11 Enterococcus faecalis Kimchi A-22 Lactobacillus plantarum Kimchi

KCCM, Korea Culture Center of Microorganisms
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ZAFFo =M wjF A serine2] b ¥l Eth(Fig. 1).
B Ao A&-H O-phthaldialdehyde(OPA) WH-2 7]
RS- Z7ed|A 3l B2 EA) stoll opn|=7]¢} 1k

sto] AE g3 TS wiiol] Wol ARSET W=
rdate] peptidet fre] ofw|=Ate] g 74 WhHol

&4l 48 4 JAK(Church et al., 1983).

Serine®] S SHst] CPP TS 1 F4% 2
3} peptide $HE-2 0.760 mg/mLE S E A}, H]= 2 ok
Hol CPP F-& AgsiA 4 she A ofYARE &
A AR vk AFlo] vkl AdE AT

22%9] AT E. faecalis A-4 2 A-5, 18]l L.
plantarum A-9TFFZ A|2)3F YHRA] 197-F+= ZTFHET}
E& peptide®] FFES 7L Ao, 7P w& dEF
= E. faecalis A-2 52 1244 mg/mL=E YERGTH 1 v
A% L. rhamnosus A-18 7} 1.237 mg/mL, E. faecalis
A-11 T57} 1.171 mg/mL, L. plantarum A-10 7}
1.137 mg/mLE YEPHTHFig. 1). 28\ E. faecalis A-2
TFE 10° cfumL FF22 JTE L8 AFolA
pH 450 Z=2dh= Ato] 30A131e] Ay WA frol A&
7)==t a7t ALAGE L rhamnosus A-18 T
+ 8 12A17tel] pH 459 =St af Az F
g7t gls Zo=2 AGEHAT (AT v]AA).

Shihata®} Shah(2000)= OPARPH-S- ©]8-3fe] S. thermo-
philus, L. delbrueckii spp. bulgaricus, L. acidophilus®] -
shtol] @lE i B3l E4do] uia Hishylow
Koroleva 5(1983), Klaver 5(1993), Singh®} Sharma(1983)
T frhtel] @l ke E8f &Aool dtkal ®Barskiich
mepa] B Ao HriE 4R fikre (1 H o=
CPP A%t Fgo] Utial dAdtEw, o]F o3t CPP

B Rodo ox

14

AR SH0) e AR io] 7hed Aes Ve

SAk22| Proteolytic 241 H|1t

e Bl aie - To il Aga=d|, 5
o ZA= casein 7}E3)| =] o] phosphoserine2- 3t
3k cpp FEIZ EslEth. cppe AU 2+ FFE
AA F= o2 48A ot B AFoMes
Sl A Q] casein®l] ¥ 3F-EZ Q) fluorescein isothiocyanate
(FITCYE EAXA S WS ARSI ¢/ &
9] casein2 fluorescein thiocarbamoyl JE|Z FITCS} |
S3FaL, ©] 7]&9] trypsin, chymotrypsin, elastase, sub-
tilisin, thermolysin 53 Z-2 T Hsjaio o5 7}
el He 4ES ol83t casein w3 E4E =
2 =Hsl= WHo|tH(Twining, 1984).

EAFo = 4Rt proteolytic B4 S4S 28l &
A Bas T e trypsing ZTE 3k casein
= 58S vusiydh

B % 2o

z X

£ AY4ksl=H| endopeptidase, aminopeptidase, dipeptidase
o] ¢EA Jom wHd Faahe AZAYdE &
AstA g B Ae AERoZ FHlETh(Law and
Haandrinkman, 1997).

B Ao AFE-E fAkte] 739, Al (intracellular)
A9} AL (extracellular) E42 ZF2; 9] proteolytic
248 Frleladh Axd G40 23 proteolytic 24
L E faecalis A-6 TF7F 7P =& 202 YEltoH,
MEL] Gkl 23k proteolytic BAJL L. plantarum A-14
FFAA 7P BA UEThFig. 2). £ 29 A
proteinase &2 E. faecalis A-22} A-6, E. durans A-21

0.8 A

06

04 1

Casein phosphopeptide content (mg/mL)

A-l A2 A3 A4 AT AS AT AR AL A-ID AL A-12 A-13 A-14 A-LS A-LS A-1T A-LE A-19 A-20 A-2] AD2

Tested strains

Fig. 1. Casein phosphopeptide (CPP) content of cell-free supernatants prepared from reconstituted skim milk fermented by lac-
tic acid bacteria at 37°C. CPP content calculated by o-phthaldialdehyde spectrophotometric method. Results are means of at

least four experiments.
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Fig. 2. Hydrolysis of fluorescein isothiocyanate (FITC) labeled-casein by intracellular extracts ((0) and extracellular extracts (H)
of 22 strains of lactic acid bacteria. Proteolytic activity measured using FITC labeled -casein and reaction mixture. The excita-
tion wavelength was 485 nm and the emission wave wavelength was 535 nm.
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Fig. 3. Comparison of calcium assimilation by cultures of 22 strains lactic acid bacteria. After incubation in 10% reconstitute skim
milk, 10 mL of culture were withdrawn and the spent broth was analyzed for calcium content using phenolsulphonephthalein dye

at 612 nm.

7“:94 A5 AEW &go] frojHom =& dS B
O}, iR Akl ol AR Ao
/‘1 O =2 Ao= ettt -2kt proteolytic 8792
caseine A2 peptidet}t ofv|=At 502 EIJAIA A
ZAoz HkEIA FUHELDRE AREHY] wiEel Ml
aagAo] = AT @A TS 28 o=
2o UERAFY Fr], 227 9 &0t Tl 2433
Q] H3kS 1tx]7] W&ol proteolytic S Ql¥Ho =2
A AF FES FPTIE A7 28T Ho]
TH(Law and Haandrinkman, 1997).
NEZzTZE AFE trypsind} FAHT2] proteinase S

Bluel] HetS w2 zpel7h ARl kAT AIE A
ol g Aol A EFollA proteolytic T3-S Ko
o) olge TR AFNLS I SZARE A180]

7Fs & Ao = ATEHITH

R2l gael i BAEY

e pH 4&—3011& F314
Aele] Aere WAso] Erlow Wade Aurk 2%
olMe) Ergol Bk B AP farrel dald 4
o drh} Eokd = YETHE EAW] SAdte] Wi 3
SIS B4 FHe Wdle] ga EE F1E B

o] 7}t Bt 784
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TS AT A ARSgE thERT = ARSSE 10% &
AFE A wjdo] obd &% Ao R pHE 24
st EAS T dlZre] 78] 23 9.604 mg/dL
2 ZA3Eon, frhtoz wainygs Al o]Fo 7}
|4 e 22 FFE AQsta g A5
A o)) Ao Ao YePdtt. E. faecalis A-5 T2
735 wg- e 78 AEES B B 4 dgol
E. faecalis A-5 2] XA Z F3}(assimilation)= o] ©]
LHARE Ao 7 FAHEAY. 28y Leuconostoc mesen-
teroides A-1(11 mg/dL), E. durans A-16(10.481 mg/dL), ~L
2|3 L. planatarum A-3(10.356 mg/dL) 752 ZA-L-ol&
HxzTRY =2 18 s el oldd &
g g e AEdEeRZ FolEo] o &HAAY
e Aol 3k Ao F AE = o, B A
pHE E5F X237 wol o5 HHHT= 72
o MEolA F8ES AR FFHJT. 1y 4
T o] &30l tigh 713k Fr A7t Xl Eojof st
E3}71Ho] visld Aol

fr

o OfF
) =

FAIE, AA 2 Aol B FAA frkts st
o $ caseing HHAIA FFTH EATH= serine
o] stge Ao gH 7FHEF o E CPP AARS Hr)s)
ATk CPP A2t e OPAWHOE =AHIYS v E
faecalis A-2 57} 1244 mg/mLE 74 22 peptideS
ALt SHATh B A AR k] A, AlEd &
2o} ML B4 Z4ZF Yo proteolytic B4 H7}
3 A3} M| G 23} proteolytic B2 E. faecalis
A-6 TF7F 7P =2 Ao® Yo, Al29] a4
2J%} proteolytic B2 L. plantarum A-14 TFA 713
A vebgtt. 718 B8RS Leuconostoc mesenteroides
A-1(11 mg/dL), E. durans A-16(10.481 mg/dL), 12]1. L.
planatarum A-3(10.356 mg/dL) T5-2] 7450l HZTH

=2 Y ZEdEs JERSHh weba ol g
2HtE o] &8st A Uold ZE 55 SuisirZ
T U= Aol Qo ol AT o8¢ iTE AlF
7Wko] 7hsE Aol

HAtel 2

B =Ee 2000 FAVIERAE ] A7H] Ao
olgle] SaEl Aol ol 7} Eguh
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