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Abstract

Recent studies have reported that certain lactic acid bacteria and their metabolites, such
as exopolysaccharides (EPSs), have immunological effects and can modulate the immune
system following oral administration. Lactococcus lactis subsp. cremoris FC is a lactic acid
bacteria isolated from fermented milk from Caucasians and has been shown to produce
EPSs. In this study, the effects of lactoferrins (apo-lactoferrin, holo-lactoferrin, and native-
lactoferrin) and transferrins (apo-transferrin and holo-lactoferrin) on the growth of Z.
lactis subsp. cremoris FC were examined. The addition of lactoferrins and transferrins to
L. lactis subsp. cremoris FC cultures was found to be effective at concentrations of 0.5 or
1 mg/mL.
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AFo 2 HE oF 1009 ol 2jAloF 52 Metchnikoff(1907)7F f4ttel <Jgt Hiﬂ-ﬁ:—-’l% iy
S o} AR TRsto] FAte] dh o] HEETE AN A, BEdA, daF
o} Zo] HRAAIEY B2 YaAE o851 Qitt. HaAEe fANFY T2 AEY FH,
A 9 35718t 7198k= lactic acid, carbon dioxide, dioxide 12|l acetoing A3/d? PE]'
Fuller(1989)+= probioticsO]2H= 801& 2202 AIRtelylon, H9= A= AFotoS o <l
iﬂQl 739 ol %‘# **Ohl— nAEe] 30 QItFAO/WHO, 2002). ProbioticsE 1}141

Z &3} AE)7)s0] S8t SANEC 2 A Lactobacillus 2 bifidobacteria2 0]-83t gra-4-9} A
iﬂﬂxﬂiﬁﬁ o] o]-&=]1 Qltk 023t probiotics & FtE2] = 7hidste] #E|S) 7hA
3 RojEA0] 4 52 4o LS k= ACE UTA UrKLink-Amster er al, 1994
Spanhaak er al, 1998). 2181l probiotics= & BEEAt NS 7141 AFEolA vij-$- &3t
o2k B 1% ItiNishitani and Mizuno, 2010). &4 probiotics= 87} &3] Hil= &
AFER Ee= AAARA AFEH, o] TEsttete o5 A& 93 Y%At TFEA
PO Apgsta vtk whEbA Ao EXols fAt FE AR BEE flote] IFEE
E74o] Q3| ol& prebioticsEhal $HHGibson and Roberfroid, 1995). &, Ao]4d4, <11
g, A g I ol AW RaES A3l Oﬂoc};“ Eﬂ ole} 71'01 O]Zﬂoﬂ frolgt XJ"H”V‘“
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Z olgsl= Aoz 4A UtkKaplan and Hutkins, 2003;
Huebner et al, 2007). Lactoferrin®} transferrin prebiotics
2A 7FsAE AAEIL JHKim et al., 2004). Lactoferrine %
FolA HAsE d 2P dEHER dHA Ui Groves, 1960).
Lactoferrin &, 3, &=, & 2 4 594 243t Masson
et al, 1966). FA 71502 PHE, FHloleAE, "y
7T, TS, TUARE, A=A 28 2 bifidobacreiad] o
St AFEAET 5ol EBA UtHShimazaki, 2000). Lactofer-
rin®] EAFFS ok 80,0002 Ht AgokA] Aok wi= F440]7]
T A} AgotHA F2MS Wt o] 22 SR IS =
-2 thilE(Red protein)o]2k EHTHS prensen and Sgrensen,
1938). 3HH, transferrin A9 B4 &of 4 2842 M7t
A o]} ZAgst] NxEFAoly sRIF=R] Fito] ot S
ANlzzjo] 24tsk= Aot Yang er al, 1984).

Lc. lactis subsp. cremoris FCE 7kA1] o) Q-2 EQ] 3oz
A AL 7 As EHLE ke I7HAA A R da
S2HE 2o 7452 tiMacura and Townsley, 1984). 7}~
s 8F2EQ EARI gnlet A4 52 Le lactis subsp. cre-
moris FCO| 9§t Zol2kal 3t Smit er a/, 2005). Lc. lactis
subsp. cremoris= F&2 Q72E, WY W FAXR0||A wo] At
|53 U} Ic Jactis subsp. cremoris FC= 27424 @714+,
T 22 A2 30CoA F4Rth IR o® [aco-
coccuss tiFEo] 2 fH= Qlon, FgEAo] B
Hslo] 9)7] wiEo] AREe] 7473l digh A7t v FE5ko
J#Y Lactococcus®: F4hE SIME A AJE2/do] <=3t A
o] ZAsttta Bt Kimoto et al, 1999, 2003). £3] Lc
lactis subsp. cremoris’t AAVl= A TFAI7E AAOIA1Q] A
ZZ8-S 7= Ao HuE|QtNakajima er al, 1992).

E A= L Jactis subsp. cremoris FCOl| %1014 lactoferrin

group(native-lactoferrin, apo-lactoferrin, 12|31 holo-lacto-

—

(0]

ferrin)#} transferrin group(apo-transferrin} holo-transferrin)
o H7P7k Aol BlAE JTe Loha] Ssto] Sasioirt.

Nz I O

1. M=

Bovine lactoferrin® REU7F-A(Zama, Japan)S 23 Y T
diokth. Apo-%} holo-lactoferrine ©]d ¥ 1% Shimazaki and
Hosokawa(1991)2] vlof w2} A| %3199t} &, native lactofer-
rin& 0.1 M citric acid(pH 2.0)°l 24417t 59 B4A|17] & ThA]
SHEol 48417 T8kt 181l W $ 0.05M NaClZ i3t
0.05 M phosphate buffer(pH 6.5)°l £45}%ic}. dojxl 8942

54 Az apo-lactoferring Ut} 3HH, holo-lactoferrin
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< apo-lactoferrin 0.05 M sodium bicarbonate citric acid
(pH 7.5)° &3 &, iron(ll) ammonium citrateE Foj5}1, 37T
oA dAAZF AA5HEEr 1813 0.01 M phosphate buffer®
B33}E heparin-sepharosed] -€HS E}4]7] 3 0.01 M pho-
sphate bufferE o|-&3s}al €&3}9] holo-lactoferring& Litt.
SHH, apo-transferrin®} holo-transferrin® Sigma(USA)Z €]

Fstel 4gel olgigint

2. @3 4 Hix|

Le. lactis subsp. cremoris FCx= Caspian Sea YogurtZ4-E £
25t #5E g0 o831t Le Jactis subsp. cremoris FC
&AL 3t quajdEiAl= De Man, Rogosa and Sharpe
(MRS) broth(Difco, USA)E AM&3IEE. 183l Aol HEF
2 1%= sk oHH, lactoferrind} transferrin A7F AAATE
ZX517] 5k viAl= MRS broth ¥%& 1/59] =2 WA 24
sto] 7129 4 ofRE &Ho3ttk. Lactoferrin group(apo-,
holo-, native-)} transferrin group(apo-2} holo-)2 Ead &
F50) 94 Br g 835le] 0.22 ¢M syringe filter (Advantec,
Japan)E ol&sto] Byt datE 249 SHlE 1/55%9]
MRS HA|9] lactoferrin group(apo-lactoferrin, holo-lacto-
ferrin, native-lactoferrin)@} transferrin group(apo-trans-
ferrin®} holo-transferrin) 4, 2, 1, 0.5, 0.25 mg/mLY] &
= Z7tsielch

3. wasy
Lc. lactis subsp. cremoris FCY| BAZZS 9|3t ofjujufjofe &
wE MRS brotholl AZsto] 30T 87|04 24417+ 57] wijkst
Aot Lactoferrind} transferrin® A7t 9t A=A ofF=
96-well microplate®< ol-&ste] ERlstt. 96-well micro-
platel2 Z wello] £H]E native-lactoferrin, apo-lacto-
ferrin, holo-lactoferrin, apo-transferrin, Z12]al holo-trans-
ferrin 4, 2, 1, 0.5, 0.25 mg/mL9] =& F71581997, 1/5 &
9] MRS brothE o] & 200 pl7} E=E ofitt. 123t ofjH]
HioFE Lc Jactis subsp. cremoris FCE 1% HZ3t3ch 12|10
30C HiF7|oA 18A1I7FE3E 27] i FaldAl 3AZakcE MPR-A4
microplate readerg °]-85t9 660 nm9 SHEE A& RS

24geteint

s
Za @ o

Lc. lactis subsp. cremoris FC2| §4] tist lactoferrin group
¥} transferrin - group?] 71l gt Axk= Fig. 1~50 YA
o}, Fig. 12 1/5 %2 MRS A native-lactoferring &%=
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Fig. 1. Growth of Lactococcus lactis subsp. cremoris FC upon in-
cubation with and without native-lactoferrin in 1/5 MRS broth at
30T for 18 hours. Control, not added the native-lactoferrin.

4, 2, 1, 181 0.5 mg/mLE A7FF Lc Jactis subsp. cremo-
ris FCO AL Z74% Aolr}. x-H(FH7HHt vlastod
native-lactoferring #7135t RE Alg= A4 228 YERY
Ak A7 AIEFE 5 7P AARE A o s 1 mg/mL
Fow, o2 0.5 mg/mLE 7K Alg-telqict 1=y
native-lactoferrin® #71gFo] =2 A|¥+9l 5% 29} 4 mg/mL
£ 29|18 5% 1 mg/mL F7IeE A|@E 7ol vlH|siqlth
w2kA e factis subsp. cremoris FCO| A& Z70]| RSt IF
S u]XE& native-lactoferrin® sE+= 1 mg/mLe|iT}.

Fig. 2= 1/5 5% MRS 8z holo-lactoferrine 4, 2, 1, 1
2|3 0.5 mg/mLE A7I5t] Lc. Jactis subsp. cremoris FCY
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Fig. 2. Growth of Lactococcus lactis subsp. cremoris FC upon in-
cubation with and without holo-lactoferrin in 1/5 MRS broth at 30T
for 18 hours. Control, not added the holo-lactoferrin.
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AL 2435t AFo|tt. Holo-lactoferrin A7Ist BE A9+
R HER7IEe] vlote] Aol SX1= 7P @A A%
HolE F7t AJ84= native-lactoferrin®] 27} 5U5H &
T 1 mg/mL Al@TollA oot 02 5% 0.5 mg/mL
£ 7R A7 A SXaRE YEtE 18 s 29
4 mg/mLE 71t AldTE SYE A% 2E UeigleH, &
T 1 mg/mL Al@ol Hlste] @A) W A& aE ey
Ak WebA Le Jactis subsp. cremoris FCO) A3l holo-lacto-
ferrin® #7Fa3= native-lactoferrin® A3} o] k& 1
mg/mLollA 7} AR A% 2 a3E eIt
Apo-lactoferrin 1/5 ¥%=2] MRS HiA9] 4, 2, 1, 281 0.5
mg/mLE 371519 Lc. lactis subsp. cremoris FCS S &4
e A¥k= Fig. 30 eI @A 35 a3 et &
T 0.5 mg/mlL A7 AldTEoH, B% 1 mg/mL A7 A
HHYGA] HRHEFE7De] Blote] ofgte] A% £XETE Hof
Ft 1y s 291 4 mg/mLE A7 AldTolA = 26]F
JERHE7MDES A AAEIE Ho] F20f native-2F holo-
lactoferrin? o2 A3E VeI

Fig. 4= 1/5 5% MRS B§A|°] holo-transferrine 4, 2, 1, 1
23 0.5 mg/mLE A7I5lo] Le. [actis subsp. cremoris FC2
S 743t Z23tolot. Holo-transferring F71%E H& Ald-
£ HERHFH7IDe] Hlste] LLo61A gl ER= I 7FE @
Agt LS B = 0.5, 1, 181 2 mg/mLE 371 AIE
Tt % 4 mg/mle WERHFE7D Blste] woket A%
280 Yehdeh webA Le Jactis subsp. cremoris FCY
237gl holo-transferrin® 71a¥k= 5% 0.5 £+= 1.5 mg/mL
£ 7oks o] A EX10] 22 aE Yefls 208 Alad:

E
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Fig. 3. Growth of Lactococcus lactis subsp. cremoris FC upon in-
cubation with and without apo-lactoferrin in 1/5 MRS broth at 30T
for 18 hours. Control, not added the apo-lactoferrin.
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Fig. 4. Growth of Lactococcus lactis subsp. cremoris FC upon in-

cubation with and without holo-transferrin in 1/5 MRS broth at 30T
for 18 hours. Control, not added the holo-transferrin.

Fig. 5= 1/5 5= MRS 8iA|°f| apo-transferring 4, 2, 1, 71
0.5 mg/mLE 371819 Le Jactis subsp. cremoris FCS A%
< 4% 272 it} Apo-transferring F71H RE A=
RHEF7HR0l Hlote] S<4=51A] Aol S|t Bl 34]
ZPINE B 1>0.5>2>4 mg/mLe] <0 o] Zx519.0H,
o|% =& 0.52} 1 mg/mL 7t Al 22 A 7S Hole
%At} Apo-transferrin 94| holo-transferrin¥t o] =7t ¥
AN 2 AERGINE YEROITE mebA] Le Jactis subsp.
cremoris FCQ A apo-transferrin®] A7[ade= 5= 0.5 &
£ 1 mg/mLE F7I5k= Zo] A% &30 2 a3E YESIH:
Kitazawa 5{1991) At uH|QE A4l Villi" 258 H e

g

£ 1
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Fig. 5. Growth of Lactococcus lactis subsp. cremoris FC upon in-

cubation with and without apo-transferrin in 1/5 MRS broth at 30C
for 18 hours. Control, not added the apo-transferrin.
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lactis subsp. cremorisE w25l o] FoEHE FFALIS
ARG, SATYAA 5o IRIEIH. o2gt A= F
G2l AHAR]] JFeTh= 5F W] TS Boto] FEE AT
1 5H3TE Toda 5{2005)2 Lc. /actis subsp. cremorisE ©l&
St BFERE IFHANHA 67.1£4.8A)01A] 47147t Fofst il
HjHso] S7stglal, o] e, A & uljiizio] 45| Fopxlrtal
SHth. 3t ¥<9] Clostridium perfringens®) AZ0] At
1, WA Bifidobacterium® 57t Z7FFatal 5kt Kosa-
ka 5(2012)2 Lc. /actis subsp. cremoris FC2 HWezd ans
Asta=d, 1L-129) I-18& B3 NKOF T cell25- INF-y 2
AL @A 5] FrEstirtal Barstyitt. INF-72F INF-y A84F Al
Z= Y E7), A 2 S 22 ookt Aol diste Sa3t
Hlo] 28-S 3ithy & A It Chesler and Reiss, 2002; Tkeda
et al, 2002). WA Lc. Jactis subsp. cremoris FCY o=
A U NKAIZS}F T cell2 2 A=l & & 11, A%
ok= -89t fARFOE 7IhE 4= ltHLeon er al, 2003; Ko-
saka et al, 2012). uF-A0f QoA e Jactis subsp. cremoris
FCY] A+ EodE influenza virus(FV)2] 749} vH 12 g34
A3Le st adpF Yok sFtiMaruno et al, 2012;
Gotoh et al, 2017).

g =7 Akt FUAle] BA7E AgoE ASH A 1990
W7o Y271 Lo Qlojals AR Aofo] Hlsto]
Lactobacillus, Enterococci, Bifidobacterium® 47t A1, X
LAl SVl Ao g A okBjorkstén er al, 1999,
2001). &of7]o]| SlojA LH=7]19] ARl FtA| Folof ofet &
W Al Foll thgh V2 oJgF wiRolct. wheta] A AlitEe] +3
= FARA LEE7E AA5H] YsiAl= probiotics®] Foi7F &
as}t}. Probioticse 954 A2 Gionchetti er al, 2000), 7
1A ASEE(Niedzielin er al, 2001), "HdS(Gionchetti et
al, 2003), 183 ZeftoldA U 3RIASE HAAHIsolauri et
al, 1991; Majamaa et al, 1995)9] g0 o]-8=1 Qlt}. 13
U probioticsol] &J3F 27148 A B3 Fo|AE BluA
2719 T A, 1 57 QAT Had 2 AloAE Bt
njoksicty B1Elo] QtiHelin er a/, 2002). 3HH Sziksz 5
(2012) Aol 9 dadh dRo= Qe 2earddt 22 Pre-
biotics® ¥H=27] AX =] B} 9L 7Hs/3E AT
$-2]+& o]A bifidobacteria®t Lacrobacillus acidophilus® lacto-
ferrine Bl viAlol H7F6l9lS o S o EE Attt
Lactobacillus acidophiluse holo-lactoferrinl A @At A%}
ZA 3= YePd BH apo-lactoferrin o 43RS YERY
A ket y BUSIAITHKim ef al, 2004). $HH, bifidobacteria
oM BifidobacteriundB) longum RSt B. bifidum, B.
breve, 131 B infantis= apo-2} holo-lactoferrin E5FolA]
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At Xt Barsiylnh 2 A A3 AP lacto-
ferrin group¥ transferrin group?| ¥i%F ¥iA| W H7k= L. Jac-
tis subsp. cremoris FCS] A& EX1AFH . WetA] lactoferrin
I} transferrine FW FAE Lc Jactis subsp. cremoris FC2)
Ay AES |AANAZFE prebiotics?] EHZA 7|HiE T Qlck.

2o
Lactococcus lactis subsp. cremoris FCE= 71435 Q72 EQ]
HAo g ARt AL 7 AE EHLE ok AL AW &
go] HgfEHE EE 72 Qrh B A5= Lc lactis subsp.
cremoris FCQ Ao tgt lactoferrin group(native-lacto-
ferrin, apo-lactoferrin, 18] holo-lactoferrin)¥} transferrin
(apo-transferrin®} holo-transferrin)®] 717} A& n2=
kS dolR 7] Yslo] £33}, Le actis subsp. cremoris FC
o] A lactoferrin@t transferrin® A7Fa3= 0.5 E= 1
mg/mLY == H7Fol= Aol Y EXlof| £2 83E Ueil=
AOE ARG,
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