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SUMMARY

Lactic acid bacteria (LAB) have been studied for use as probiotics for
dairy products and dietary supplement. We found among strains of LAB isolated
from various sources such as dairy products, Kimchi, raw milk, and infant feces
with regard to the ability to bind Ca ion from laboratory growth medium.
Ca—binding Lactobacillus strain was isolated from Kimchi and the strain was
identified as Lactobacillus plantarum LDMb534. by use of API carbohydrate
fermentation pattern and 16s rDNA analysis. And we screened and characterized
CPP produced by L. plantarum YH from infant feces.

Probiotic study was to investigate the comparative antioxidant activities of
23 probiotics strains according to their free radical scavenging activities against
DPPH (1,1—diphenyl—2— picrylhydrazil), L—lactate production, Ca—binding activity,
Tested strains were grown in MRS broth and 10% skim milk at 37C for 24 h.
The bacterial cell were centrifugated at 6000 x g for 20 min at 4°C to obtain
cell—free supernatant. The L—lactate ration, DPPH radical—scavenging, Ca—binding
activity of all tested strains were in the range of 50 ~ 80%, 90%, and 1 ~
2.3mg/L. respectively. Based on their lactic acid production, 10 strans of
Lactobacillus were isolated to assess the ratio of lactate isomer using analysis of
L—lactate dehydrogenase activity. L. caser and S. thermophilus produced D(—) and
L(+) lactate at the ratio of 0:100 whereas L. acidophilus strains produced L(+)
lactate at 80% ratio. L. plantarum YH with antioxidant potential and CPP
production will improve the beneficial effect in intestinal microbial ecosystem. This
strain may be a promising material for new applications in the dairy industry.

Calcium plays a role as a signaling molecule in various cellular events.
It has been reported that cellular calcium inhibits lipid accumulation via

suppression of adipocyte differentiation at the early stage. In our study,



mobilization of intracellular calcium using calcium ionophore, A23187, at the
early stage of adipocyte differentiation (day 0) resulted in the suppression of
adipocyte differentiation and this result is consistent with previous report. This
calcium effect may be due to block the expression of C/EBPa, PPARy and
SREBP which are known for key regulators in adipogenesis. Vitamin D3, a
calcium effector and regulator in our body, also has a inhibitory effect in
adipocyte differentiation at the early stage. VDR, the cognate receptor for VitD3,
has no suppressive effect on PPARvy—mediated transcriptional activity in the
presence or absence of VitD3. In contrast, VDR/VitD3 reduced LXR—induction of
LXR element—fused luciferase, suggesting that VitD3 reduces fat accumulation in
adipocyte via suppression of LXR—mediated transcription activity. High
concentration of extracellular calcium increases calcium influx and thus causes
suppression of adipocyte differentiation at the early stage. However, it was not
clear whether increased extracellular calcium has the similar suppressive effect
on adipocyte differentiation and following lipid accumulation in the middle or late
stage. In our study, high extracellular calcium (10 mM CaCly) treatment to
3T3—L1 cells in the late stage (day 3—5) of adipocyte differentiation leaded to
reduction of lipid droplets in adipocytes with reduction of mRNA level of
adipogenic transcription factor such as PPARy. A23187 (4uM) also showed the
same effect with extracellular calcium in the late stage of adipocyte
differentiation. Furthermore, mRNA level of aP2, a well—known differentiation
marker of adipoctye, was also dramatically reduced, suggesting that increased
intracellular calcium may reverse back the adipogenic program by reduced
expression of adipogenic transcription factors. PPARvy, the master regulator of
adipogenesis, initiates its expression at day 2 and facilitate adipogenesis by
upregulation of adipogenic gene expression. In reporter gene assay using PPAR

response element—fused luciferase, A23187 (2uM) inhibited PPARY induction of



the luciferase activity in a dose—dependent manner, indicating that calcium
suppresses adipogenesis not only through reduction of PPARy expression but
also through inhibition of PPARYy transcription activity. Rosiglitazone, a PPARy
ligand for PPARYy activation, partially recovered A23187—mediated suppression of
adipogenesis at the late stage (day 3) but not at the early stage (day 0). Since
PPARvy initiates its expression at day 2 during adipocyte differentiation, this
result further strengthens that calcium inhibits adipogenesis in the late stage at
least partially through suppression of PPARvy—induced transcriptional activity.
Calcium has been reported to activate ERK activity. ERK phosphorylates PPAR
v, resulting in reduction of PPARYy transcription activiy. In our study, inhibition
of ERK activity by an ERK inhibitor, PD98059, did not rescue A23187
suppression of adipogenesis, indicating that inhibitory effect of calcium is not
due to ERK activation. Since milk calcium samples (pH 4.0, 3mM calcium) has
low calcium content, we increased calcium concentration using CaCl; and
adjusted to 5mM concentration in the differentiation media. Milk calcium (pH
4.0, 5mM) also showed strong suppression of adipogenesis in the late stage and
this results suggest that milk calcium system used in our study may be applied
for developing new milk products which have the intensified capacity of calcium
influx.

Milk mineral also called as milk calcium was produced from two
different sources, skim milk UF permeate (SM—UFP) and cottage cheese whey
UF permeate (CW—UFP) after concentration. Lactose, the major constituent in
SM—UFP and CW—-UFP was crystallized out by the addition of ethanol followed
by heat treatment. The calcium content in pilot calcium product produced from
SM—-UFP and CW—-UFP was 14.95 and 20.35%, respectively. Pilot Ca product
produced from CW—UFP provides the 1 : 0.7 calcium to phosphorus ratio that is

close to optimal absorption ratio of 1 : 0.8.



There was no significant difference in solubility between pilot Ca products
and solubility was greatly improved as pH decreased. When Ca was added at the
level of 300 mg/ 200 mL more than 98% of Ca was present as soluble form at pH
4. In terms of sensory quality, no difference was found between control and Ca
fortified acid beverage (pH 3.5) at the same additive level. The Ca fortified yogurt
(200 mg Ca/100 mL) showed the same quality attributes including acid production
viable cell count and sensory quality. Based on the result, pilot ca product (from
CW—=UFP) can be used for the production of functional Ca fortified yoghurt
without sacrificing sensory quality. Considering acidic nature of yoghurt, it can be

used as a suitable carrier to deliver functional Ca to our body.
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A 1 A : Probiotic @4 H7} € calcium—binding
Probiotics9] At

IR R L

7h wAEe £, 4 R BE

2 Aol ARERE Akt FAlE, W FlA ZEg #FE AFESEA
t}. MRS Agar plateol] 23&¢] FAibitS& 717} streak plate &=
AIZE skl ' REkS B = colonyE AEste] &g ekl AdE w5
+= Bergey's Manual of systematic bacteriology % Bergey's Manual of
Determinative Bacteriology®l W&} 12+ M catalase ¥ 3% KOH test 52 XA}st
3L, Biomerieux API 50CHE o] &ste] $AS ¢hmsil. fAikete BEs 913
MRS Agarell streak plateS ©]&3lo] =452 3 T MRS brothol 2% Ah uj
&t 3,000rpmell A 1023F A4 Zelste] el wZlal pelletel skim milk
(10%), lactose (2%), yeast extract (0.3%)7} &F5 X & A 23t &35 o]

AL vialol 1ml¥ BF38te] 524A%38t3 —70C Y deep freezerd HA3lHA AL-&3}
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dedx Q7] wiitel olE ke ulAbd WlalE Hoh SiAQl x3e] 89-%Enf pH
1.5, 2.0, ¥ 2.501A4 $=33}3ich W4k H7k= 0.05 M Sodium phosphate &8 A
Z3te] HCIZ pHE 1.5, 2.0, 5.22 ZASAL. 7)o 3729 HAHFS MRS 2
GAM brotholl Al 18A17F v Fgt & CellS HAIF2(2000 rpm, 15%) 3 ths 0.85%
saline®® washing(33] ®H2) 319t 27457 10%ml X7 52 0.05 M

Sodium phosphate buffero] & 3 & 37°ColA 2A17F AgujEr]oA wjgst &
AdFE SAHs Wkd S vl st WEHFAHd H7k= MRS v #]o of 3} A+
H oxgall(Difco, USA) & ME oxgall HFO R 0.5% (w/v)7F HEE H7lslo] 1]

3 vhe WA A FUIG fAE AR FESe] 37°CAA 24417 wjFtol

w

oA A o % ) 9ol ulikg Bokel AHEEgE 49%9

E
4AZE Al eESt Thg A Aol HEE MRS soft—agar(50°C)E T35t thA] 37°C
oA 2447 wjFate] Al A FFE AT HHH P A g €

1 MRS brotholl M ke faket s Fle A2 (5,000 rpm, 15%) dto] A=
AAG thi 1 N HCIE o] 839 pHE 6.52 ZAS & 0.45um filter2 A 73]
AAE MRS agarell HA3}e] clean bencholl A AZR(E 204 10)A1Z & o 7]
0.05M sodium phosphate(pH 7.0)°l protease—KZ 1 pug/mle =7} =& Alxd
24 2ugs EHE A HAFS ZA A A sk 37°Col A 1A17F vl &35S
t} HkS-o] 9B H plateE A Aol 1% HBEH MRS—soft agar 7 ml $53te] 37°C
ol A 24413 wjste] oAgke] FHE gRlstdlth. olul fAREY Ao RE F

=4 3 Aol £ Lactobacillus delbrueckii /factis ATCC 47975 1)



kel Ak A s vuslr] $8k 0.5% CaCOs7F 3 7FE MRS #j
Ao GAEN 10mlE paper discoll HASH ths, 24A)7F, 48417 HlF & 0.85%
lactic acid control®} B]A3dFe] CaCOs9 faAS vlwalF ) =3k 2 xko] o] A4 A

Hl&S AW 9ste] HPLCE ol§3kel Leleh DR ele) &g Brlakct

2. Calcium (Ca®*") Assay

At E 10% skim milk wiA ol widste] A4 Zelate] A5 E 0.45um
syringe filter2 o¥sto] Alm2 ARESRlth, = 10% 2A #iAel lactic
acidE o] &3te] pHE 452 ZA3 3 3,000rpmolA 10587 €4 Este] A5
0.45um syringe filter® HE 3] A}&3F9}). 24 =S Quantichrom™ calcium
assay kit (DICA=500)< A}§-3}] Table 1.7} o] 3148 £ 96—well platel] 217} 5
WA 211 612nmolA EFEE =A59 0, calcium standard curve®t B]mEte] TF

e Axagr

Table 1. Diluted standard

No. Premix + H:O Total Volume (ul) Ca(mg/dL)

1 100ul + Oul 100 20
2 80ul + 20ul 100 16
3 60ul + 40ul 100 12
4 40ul + 60ul 100 8
5 30ul + 70ul 100 6
6 20ul + 80ul 100 4
7 10ul + 90ul 100 2
8 Oul + 100ul 100 0




u}l. Protease 454

Protease fluorescent detection kit(Sigma Product Code PF0100)E o] &3}
=43 th. Pellet& 50mM Tris buffer(0.5g/ml)oll &3)A1#A AF&3}SI T Incubation
buffer(20mM sodium phosphate with 150mM sodium chloride, pH 7.6) 20ul,
FITC—casein substrate 20ul, sample 10ulE &3g3sle] WS wkx] kA 24

951\

microcentrifuge tubeo] ATl Blank= samplet 4l D.WY MRS brothE AF&3}
3 thZG+= FITC(Fluorescein isothiocyanate) 0.5pg/mlE A5 Al H7lste] 2 &
gtk & 37C &2 FxolA 603 A3l 0.6N Trichloroacetic acid(TCA)E
150ul H7kgE ¥ 37C &2 4 302 Ft A8kl 14,000rpmell A 10837+
AlEE gk & A5l 10ul9F Assay buffer(500mM Tris buffer, pH8.5) ImlS Z &

gtate] 485/535nmell A =43t
B}. Casein Phosphopeptide (CPP) &3

1) AN=e &4

MRS broth 200mlell A& 2mle ¥ 37CollA 24A17HsoF wjkalar 4C
A1 3,000rpmo. 2 158 FA st F5 A pelletS 2tz w2 Hd FHo| B
33t} Pellet 0.2gol 50mM Tris hydrochloride buffer(pH 7.0) 2ml& &334
sonication$t TF3- (1% sonication, 30% F21 =7H), —70C deep freezerol] H #3155 S

] B o] gato] —4TAA 48AIZF FABke] EAAZ F —70C deep

2) Na—Caseinate Hydrolysates
Na—caseinateZ 50mM Potassium Phosphate buffer(pH 7.5) 250ml%d 12.5g&
=0 10ml® 53 o8, 4|3 sampleS 100ule} chloramphenicolS 0.1g/L ¥l
Egtsle] 37CoA 4841 7F WX 8l th(Shake 130rpm). I & enzyme WH$& AX|A]
7171 #18 —20Co ®AsIt



3) CPPs Enrichment
Enzyme WHg& AA A7l samples 2N HCIE ©]&3l4 pH 4.6744 @311
ACelA 14,000rpmo2 1023t 4] F 45 d& 2N NaOHE ©]&3tef pH 7.0
T % CaCly(Calcium chloride)& ¥ar & &%
9] ethanol(99%)S A7t & =313k =
4°C, 7,000rpm, 103 FF A4 Eeld v, F5 e WAl pelletd 4 %5}

—70C deep freezerd] H &3} A5 2 AFE-3FAT

4) OPA(O—phthaldialdehyde) &3

Peptone standard(0.25—1.5mg/ml)2 ZA3t¥ o 50mM Potassium
phosphate buffer(pH7.5)& A& 343U, 52 HAX3 A|S+F potassium
phosphate buffero] lg/mlo] ¥ =% GsirA dAEd F st ARgsiAt
OPA regent¥ di—sodium tetraborate 7.620g¥ SDS 0.2g2 =/ 150mlel] £31A] 7]
il OPA(97%) 0.16g5 ol&-2 4mlell &3 A7 dithiothreitol 99% (DTT) 0.176g<
71l S=F2 JAF volumeS 200ml=E 90| ARE3FTE o] OPA reagent 3ml¥
sample 400ulS £33l 28 2o 340nmolA] EF =S =A39 ). Blanks sample

Y4 FH5FE Agsgon fETEE Serine(0.Img/m) & A&

5) Z& &¥F €49 97}
10% EA < Dextrose 0.5%%} Yeast extract 0.25% 5 #7}sle] wHE nj A
& 9¢(121C, 158)38te] o5& A widst3th. Calciums sonicationdt”] 9]3f
MRS Brothell 0.1% calcium chlorideE F7}sfo] A2 +5-(40464, 3136, L55, 449)
S A wiFsdh Adied 3 F5FE 3000rpmollA 158 FeF AR 3 F
HE tubeol] @o] W ® sttt Controle
A MFd o AREg wiA]el Lactic acidE #7Fste] pHE 4~4.57HA4 W# 919}
A R AR § filteringdte] ¥ ®HA3SIITE MRS Broth + 0.1% Calcium

Chloride®] #7}st 4709 Adtd #5% FU3HA St Calcium standard S54-S

0.45um sterile—filter 2 filtering 3} A



BioAssay Systems® QuantiChrom™ Calcium Assay Kit (DICA—500)< A}-&35}]

W FEAA N FolE o ¥

ot

ZHge R FaAHs A eR S48l

Al. AE#F sequencing YHE

1) Chromosomal DNA Isolation

OPA A A 7FF ol 5 AWslo] streaking RO =2 578 3
o] MRS brothol] 2xF At v FslAth. sample 1.5mlS 8,000rpmol A 1& E<F A

23] pellet 9o 0.85% NaClz 23] A&t lysozyme(10mg/ml) 0.5ml *|
2] & 37C water bathol A 1A%t incubationd}$it}. protenase K(10mg/ml) 20ul 9}

10% SDS 25ulE A& & 60C water bathollA 30% incubationd}$ith. Phenol :

Chloroform : Isoamyl alcoholS 25:24:1¢] vl &= AlojA] wtE P:C:I £9L 1112 &
B & 14,000rpm, 3%, 4 CoA LA Eelsto] ST E2lsal A sk wHE31S]

o}, A=A = yolumed] half volume®] 3M NH30AC(pH 4.8)& H7}stx two
volume?] 100% alcoholS H7}stHtE, —20Col A 1A AX A Z T 14,000rpm, 158,

4CAA A w28 F pellets Aol A5dS &3] AASSE. 70% ethanol

ir

Iml& €3 @8 $ 14,000rpm, 5+, 4ColA dA st Asd AA F =0
A 2088 E AXANZAT. E=FF 100uAg] T opelletE 2 £3A]A. RNase
A(10mg/ml) 1ul 2] & 37ColA] 1A%} incubationdt{ T 0.8% agarose gelel] 7 7]

%95 3t DNAE glshalth

2) 16SrDNA¢] Amplication
T2 F7HA primerE ©]-8-3}<
SL—1(Forward) : GAG TTT GAT CCT GGC TCA G
SL—2(Reverse) : AGA AAG GAG GTG ATC CAG CC
PCR—Premix(Bioneer)®| Primer Z}7} 1ul®} D.W 17ul, %3 DNA 1ulE % 4]
PCR3t}. PCR AL tS3 Zt}l PCR €8 & 1% agarose geld A7 & 3}
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Table 2. PCR condition

94°C 5%
Denaturing 94C 30x%
Annealing 55C 30% 35 cycle
Extension 72°C 40%

72C 7%




3) PCR Purification
PCR Product Purification Kit(INTRON)E A}&3le] ELHES A|A38 L,
0.8% agrose geloll 719 %3}9] DNA bandE #2133l sequencing shel1 Az}

2 NCBI &3 o]l A (http://www.ncbi.nlm.nih.gov) <213} th

o}. Cottage cheese THE7]
Afe] Are #ast7] Y8 5,000rpm, 20202 AA R skl AuFS
SGAFE AT gXFE 65C Fq&FFolA 308 A ste] Attt A

A& 34C=E 25 & Stater 0.02%, A4 0.1%E &3+ pH 4.65~4.80°] & w7}

]

=

=

[‘

=X
)
i

Al incubationd}Sith. o] w staters= 10% =40l w2 vj%Falzsil AFE-S 2 OPA
g T3 MuEo] Aol gkm¥® #F9 control® FAHOR o] &EHE Y-740¢F
(Chr. Hansen, Denmark), & 7} #F2 Zt7} 2 =g EAH. A=

A A=2E 2. £ A =E 55~58TColA 60~70% & At
13~15C EolA F+ ¥, 2~5C &= U AHsto] 2~4TCe] BASAT}. FH
5,000rpmoll Al 20&3F 94 Felste] Zhepere did e Welal g vt U

Filtration) 3}%3it}.
24 A 439 ag 54 2 AZF ¥}

1) SNF-11% SR oA wigs Hs

Starter® ARg" AW#5FZ MRS brothell 22 AltiuieF 3 & 10% skim
milk wiA]o wiFs] Eokth 9ol FA P (SNF, Solid Non Fat)e] %< &
FA1717] 918l SNF 1122 353 493 AT § #5 2 208 9410 F
AREERRIEE. Staterg FAFSl Aol = FeaxddM 3TCER RHFa 747
0.02%% AFsAE XS AFoz 5

Agar), pH, AA =

ﬂllﬂ]
||\
ol

st



2) MRS HjX|o A el v F W3}
MRS brothZ 32°C, 37°C, 42C& 7ztz} @3 & Nubg3 0.1% AE5al 24

i

AR 24470 Bk AR, pH, AHNEE S

3) Glucose H7lo] W2 v Y542 A3}
10% skim milkBl A9l 1%, 2%, 3% GlucoseE 713+ 9lX], F 4714 WA &
AbgE T ke iR E 37 CE 2 EAL staterS 0.1% HFs . viY £ 5 pH
= 4608 AR A, pH, @ AAAES AT 4714 wlA] F stater
o] &gdo] M & wiAE et widdd wGFE vd Al i
A2 staterdF F 1 A FdstA AR B2 SAsa v & A
4.67h4 GolA W FHEo 1A 7 W2hek & 4T st 30 St 3 7H4

oz AFF, pH, AANES S5,



2. 7L U8 R 25

Ak, B dreglesl A4
AR} fFolEHol A F 120%
TS Aete] Wik, EEAHg, wtelEl A A 77 58 215l

onl, Agusts FEALANE B FAF 1652 Hotel F 6559 FAFS Ul
=
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(K47, K48, K49)¢} L .paracasei 75 (K46)
ol WAHd-& o] AFole AL 72

o,
N
N
ol
ol
3
T
N~
N
NI
N
K‘
IS
e
4&
3

ko] Ak At Axs wlastr] 918k} 0.5% CaCO37F 7hHe MRS i

Ao FAFFH 10 mlE paper discoll AT t}&, 24A7F, 48A17F wigE 0.85%

lactic acid control?} T3S vluLetglet, gk Z4ke] o] AA v&E& A 9

gto] HPLCE ol-&3dto] LEEiet DA nl&S H7bskaivh. Blaol 23t} L. cased,

S. thermophilus < 100% L—lactate® AAtsl= Aoz YeRgtor, L. acidophilus -4t
5L 50%~ 80% 2% L-lactate & Arksl= Aoz @9l H v (Fig. 2).



Table 3. Probiotic activities of Lactobacillus strains isolated from infant feces

and Kimchi
: Acid Bile Anti—microbial
Strains (Survival / (Survival / -
growth) growth) activity
K1 L. acidophilus +/- —/—= -
K2 L. acidophilus +/— —/= -
K3 L. acidophilus +/— —/— -
K4 L. brevis +/- /- -
K5 L. acidophilus +/- —/—= -
K6 L. acidophilus +/- —/—- -
K7 L. brevis +/- /- -
K8 L. plantarum +/- —/— -
K9 L. acidoophilus +/- —/= -
K10 L. acidophilus +/- —/—= -
K11 L. acidophilus +/- —/= -
K12 L. acidophilus +/— —/= -
K13 L. plantarum +/—- —/— -
K14 L. brevis +/- —/= -
K15 L. rhamnosus +/- —/= -
K16 L. acidophilus +/- —/—= -
K19 L. plantarum +/+ —/— -
K20 L. acidophilus +/— —/= -
K21 Lac. raffinolactis +/- —/= -
K22 L. rhamnosus +/- —/= -
K23 L. acidophilus +/— —/= -
K24 L. acidophilus +/— —/— -
K25 L. acidophilus +/— —/— -
K26 L. paracaser ssp +/- /- _
paracasei
K28 L. plantarum +/= -/= -
K29 L. acidophilus +/- —/—- -
K30 L. acidophilus +/— —/— -
K32 L. acidophilus +/- —/— -
K36 L. acidophilus +/— —/— -




K37 L. acidophilus +/— —/—
K39 L. acidophilus +/- —/=
K40 L. plantarum +/= —/=
K41 L. acidophilus +/- —/-
K42 L. acidophilus +/— —/—
K44 L. acidophilus +/— —/=
K45 L. brevis +/- —/=
K46 L. paracaser ;ubsp — /- /-
paracasei
K47 L. plantarum +/= +/—
K48 L. plantarum +/—- +/—
K49 L. plantarum +/—- +/—

7 Positive control strain of acid, bile tolerance and antimicrobial activities
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Fig. 2. Comparison of lactate isomer produced by lactic acid bacteria



t}. Calcium assimilation® 7}
Calcium assay kite= M9 52 612nmolA] A3 H]E 4 22 sample?]
ZrE S Atele KitZA vladlg, A2, did W20y 3o B2 wEE
2

3t A ATE HAstE WlHelt. fAbte] ZE &S 5487 ¥ standardE

AN A Fig. 3o e o] AAE vlg oz fAkte] 2 S A 4
= Fig. 40 HEFATE. Fig. 3.4 & F A+ FAHH control2 AMEH o F- 2=
HjstA] e 10% skim milk¥l A=  9.604mg/dLe] Z5%¢S 7FA 1 Qi olH T}

Zr5o] ool Wo]l =AH®  FFE 35464(11.634mg/dL), 01(10.481mg/dL),
GP1B(10.356mg/dL) Al 7}A| #F2
WS ul Controle] ZrFdzo] 3 & A & = UG, o] AFoA A&

skim milk®] A Aol 100gd ZEol 1100mgo] g5 ofglo] o9k e A7t

upepA euAl el A -t el fAkEE SR MRS iAol A ]

WA Lactococcus KUL07, L. plantarum LDM 534, 40464, 3136 52 A3+
T AReH, o] #FE5 12 FRAFE AU (Fig. 5). o5 dFol teto] &
HAEQ &f wiX oAy BSDAS HAES A [, plantarum LDM 534 57}
vl -8 Wekst o L. plantarum LDM 5342] d=0oll thato] x4 &
Ao R HES A A= Fig. 60 veRd wvhep o
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Fig. 3. Calibration curve of calcium standard.
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Fig. 4. Calcium content of various lactic acid bacteria in 10% skim milk.
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Fig. 5. Calcium content of Lactic acid bacteria isolated from infant feces
Kimchi in MRS medium.




Fig. 6. Confocal laser micrograph of Lactobacillus plantarum LDM 534

isolated from Kimchi.



o] pHe TACA ¢zel HFolmw Zhggolo] lite]R 3 FESHH  calcium
phosphateE @/dste]l I HdstAY &8&3st7] 41 dElz SAstA Ak A el
M mP7EA R AHE ZEe AFdA o] QlAkol o o) o] AR
TrEA i AR wjdEoe] WyY, 1y S S Phosphoserines gt
CPP(Casein Phosphopeptide)”7} A48t o] Aslase] o] A7 oy, &
Zrgoledt 7heA el Ae @FAsH] e Zee F4E FUFH(Naito et al,
1972) ol#g wAYFNA BH Feto]=9 Qikst= gl AWEFTE A2
Aol 7hHs A& A Frk
8 5= CPP9 32 calcium assimilation EH7FellA YeRd vlel o] 3o
ol Uy Wol g Hlurtk ofg ol Qo] caseing wHAI
peptide & M3 24 o
Abel w Wo] ARE-E &= W o]t (Corsetti 5, 2003).
FFsoll  EAs= peptide  Fo FAHS  HAse] AEE OPA

(O—phthaldialdehyde) & ©]-&3F WL fluorometric Wol| wol] A&5w w231 7t

—

EAse 2

U1>
—in

Bkt o] e e WH 2 Na—caseinate ZF-E|CPPE A

it

l

dato] e gudoe] vz A8 = Avh(Church et al., 1983). %3, OPA F7h=
& 340nmoll Al ZsHA FaEthal Bal gk ok o] ZA opn| e AkS F FEAE
o] &3}e] £AHE Wy} N—acyl peptides®] 7[FE31E SAH T w] OPA WH S ALE3
1= sk e xS Calcium  standard= BioAssay Systems
QuantiChrom™ Calcium Assay Kit (DICA—500)< A}g3to] =A 3|4 v AbS A
& oJtt.

Akl ZaEH o8 #H7HE sl OPAE o83kl =43 peptone
standard= Fig. 7¢] YJEMHA L Fig. 8& At S ZHzh wp= wfokdte] OPAWIH o
Control2 A}&%¥  serine(0.1mg/1ml) <]

lo,
o2
tlo
&,
N
NS
ot
o
fru
%
ot
By
I
tlo
o~
X
)
o
it
||\
ol
ol
ol
rlr
po

2 29 SA3Y HAdEs A o=
peptone TH-2 0.760mg/mlZ FAHTS QA H o2 oK} =2 &S YEMUT

1H #F7F 1.244mg/ml= peptoned T&Ho] 7} ==9kom, AE(1.237mg/ml),



ol

b 2E FAEC M 2 AoR yEhy ol Adds FERE A 5 A

c}.

1.8
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Fig. 7. Calibration curve of peptide at O—phthaldialdehyde (OPA) method
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ul. CPPAAEES 9% AT Protease 44|
B—Casein & 213 ZEH serineo] Zo] EA|3t= AL A3 asroA FA
7hEae] HA o, &% o Ada AHES AAANA FSHoE HEA Zde T
FE STHAA FHAAY A FTE SIS 9
phosphopeptide (CPP)7} o]} #2 7]5S& 7FAaL o
—casein-5P (59~79%7]), B—casein-4P (1~25%7])7} Bt dxp4o s
FroaeE FalHe Brtetr] kel fAbd ] protease S AR oW 1
+ Fig. 77 8 YERHAT
H Ao Alg% W2 Protease Fluorescent Detection Kit(Sigma Product
Akl =,

e}
o
Fluorescein isothiocyanate(FITC)E lable A|A SA3= WHoltk. Caseine

A=)

rr

Code PF0100)S o]&3}4 F @Al caseind] 7FEA

||\

Fluorescein thiocarbamoyl #EjZ FITC® Wk&3lar, o] 7]&o] trypsin,
chymotrypsin, elastase, subtilisin, thermolysin®l] &3a] 7}is)] ¥ 42L& o] &35}
o] casein #3 &AE nanogram¥ sub—nanogramed] WYX =AT = Jd&= FHA
o] St}

Al protease B SAHS &) trypsin® & standard curveE #HA 3o

™

peptide &S B3R TH(Fig. 9). Aol 9ste] AAHE protease -2 F peptide
ShFe] Bl Fig. 100 vrebd kel Fow pellet? Wi Aoz vr A3t
At F2lE peptide F2 WY Aol B 2 2A4S HEld=d ol Akt
o] Aitete= AwAt =4 e ikt AlEd Adito] dedel EiEo] olfd A
I7F vhgkthar ddE ol xith B Pelletd e o] Aol th27] wjie] #E
T 2% Protease &A4o] LAl YERUA] 29k} Pelletl &= 39, AC, CS6+

7} e ol = CSL, L2, 3163¢F2] dAo] 2 Zo® yeylth  Controld}
2] Protease #/d& Hlwea| R te wf 1 Afol7b AA|= FANE pelletoll Ay s
Ao A A e FAto] controlRTh ¢k =& AL el Aow Hol
] SFA| RF A protease /g o] ATkl FAF AT o] g ¢F3t protease A

o|A Wt CPPE AAsl7]o = FESIthar AZtE o] 29 peptide $H3} calcium$h

d
i



e vl

Bacillus sp.e|o &= Vibrio, Serratia, Pseudomonas, Pseudoaltermonas,
Streptomyces, Brevibacterium, Kocuria sp.] w353 X = EA5t= vAES
gl Bl asrs ¥HShs Micrococcus sp.2l 578 ¥ Ral H o

FAES HAHFA 0 & protease @40l B2 mAERE HuHEI QoY L. helveticus

2o GAFol A HalA HL protease A S HolE Aow AHA Ar)



Fluorescent Units

(485/535nm)

350

300

250

200

150

100

50

y=3.6093x-48
R?=0.9991

20

40 60

Nanograms of Trypsin

Fig. 9. Standard curve of Trypsin activity

80

100

120



Fluorescent Units

(485/535nm)

35

30

25

20 A

15

10 -

|

Pellet
A

s

o

on
12

ControD.WCS14£SBSL67 CS1 CS6 AE 1042GP1BP-13 L2 L55PS6-854641322 01 7710854714149316340464 1 2

Tested Strains

Fig. 10. Protease Fluorescent Unit of various lactic acid bacteria




v Ag fAae 54
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Table 4. Carbohydrate fermentation test of No. 1 strain isolated from infant

feces

Carbolydrate Result

Gl carol +
Erythritol -
D-Arabinose -
L- Arabinose -
D-FRibose +
D-Xvloze -
L-Xvloze -
D-Adonitol -
Methyl-g D-Erlopyrancesice -
D-Galactose +
D-Ghicose +
D-Fructose +
D-Mannosze +
L-SBorbose -
L- Rhamnose -
Dulcitol -
Inositol -
D hanmnitol +
D-3orbitol +
Methyl- o D- Manncpyranoeside -
Metly - o D-Glucopyranoside
M- AcetylGhicosamine
Amyegdalin
Arbutin
Esculin ferric citrate
Salicin
D- Celiohiose
D- Maltose
D- Lactose(hoving origing
D- Melibiose
D- Sacchares e sucrose)
D-Trehalose +
Imlin -
D- Melezitose +
D- Raffinose -
Amidon(starch) -
Glyrcogen -
Hwlitol -
Gentiobiose +
D-Turanose -
D-Lyxose -
D-Tagatose +
D-Fucose -
L-Fucose -
- Arabitol -
L-Arabitol -
Potassium Ghiconate +
Potassium 2- EetoGhiconmate -
Potassium 5- EetoGhiconmate -

+ + + o+ + o+ o+ o+

+




1500bp P

400bp P

Figure 11. Analysis of PCR product of 16S rDNA of Lactobacillus

plantarum YH isolated from infant feces.



TGATCGGGTACTATAATGCAGTCGACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGG
AAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTACCCATCAGAGGGGGATAA
CACTTGGAAACAGGTGCTAATACCGCATAACAGTTTATGCCGCATGGCATAAGAGTGAAA
GGCGCTTTCGGGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCTAGTTGGTGAGGTAA
CGGCTCACCAAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGAAA
GTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTT
AGAGAAGAACAAGGACGTTAGTAACTGAACGTCCCCTGACGGTATCTAACCAGAAAGCCA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTA
TTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAAC
CGGGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATG
TGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGT
CTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGC
AAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAGGAATTGA
CGGGGGCTCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAGAACCTTAC
CAAGTCTTGACATCCTTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGACAGAGTGAC
AGGTGGTGCATGGGTGGGCGTCAGCTCGTGTCGTGAGATGTTGTGTTTAGTCCCGCAACG
AGCGCAACCCTTATGTTAGTTGCCATCATTTAGTGGGTCACTCTACGAGACTGCCGTGAC
AAGCAGAAGATGTGGGGATGACGTCAAATCATCATGCCCTTATGACCTGGCTACAGAGGG
TGCTACAATGGGAAGTACAGCGAGTCGCTAGACCGCGAGGTCATGCAATCTCTAAGCTTC
TTCTCAGTCGGATGCAGCTGCAACTCCCTGGCATGAGCTGATCCTAGTATCCGATCAGCA
CGCCGGTGGATACGTCCTGACCTGTATGCATCCGCTCGGTCATCCAAGAGAAGGTTGATA
AACTCGTAATTGTGAAGAAACCTTTTTGGAGATCGATCCGCCT

Figure 12. Sequence alignment of Lactobacillus plantarum YH

GenBank (hppt://www.ncbi.nlm.nih.gov/).



Ay, L. platarum YHS] w454
Aol mMdEES £AE] fletel MRSHIAIE ARE3ke] 32°C, 37T,
42°Coll A 242t Ads Agsilet. 7 A3 Figure 13—1590 YERW AT 32CollA =
37, 42°CR} pHE| A3tk 9HA vebskow, 37C9 42T fFASHA YEbE T A+t
7o Aol wlg 1047k 25 10%] o] 2 & AFSFE eI
S-Froll Mo WiYEAS A7) Y8ke] SNF-11%2 243 $Fujx S A&3 43
< 24413l = pH W E7F YERUA] et ou, At vl 5A1Zl 2 log S7HE
BAH(Fig. 16—18). o]}& Ay L. plantarum YHTFE lactosed] o] &4 o] uf

mlo

L 3] wj&Eeld, L. plantarum YHTFZ starter AFEsF=d A Ho] 9= A
o= gl
o] 3t EA M-S FE3 A 10% skim milkel]l glucoseE H7lsle] v EAS FA}

AT GlucoseE #H7FshA] &2 10% skim milk #iA] S control® 233}l glucose

ru\m

77y 1, 2, 3% #H7¥ste] pH, TA, AdTE 5433 3% glucose H7F-9
45 pH At Sx 2 Aol glojA starter® ARgo] 7hsd Ao R dAThE o
. cottage cheeseZ A Z3}7] 93slo] o]9F & 3% glucoseS A7}t Aol wig

A gk o2 YERtH(Fig. 19-21).
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Fig. 13. Changes of pH in MRS broth by L. plantarum YH during the

fermentation.
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Fig. 14. Changes of titratable acidity (%) in MRS broth by L. plantarum

YH during the fermentation.
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Fig. 15. Growth of L. plantarum YH in MRS.
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Fig. 16. Change of pH in SNF fortified milk (11%) by L. plantarum YH

during the fermentation.
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Fig. 17. Change of titratable acidity (%) in SNF fortified milk (11%) by L.

plantarum YH during the fermentation.
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Fig. 18. Growth of L. plantarum YH in SNF fortified milk (11%).
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7.0

—&—— 10% skim
651 ¥ae & e O-eeeee 10% skim+1% glucose
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6.0 - vl 10% skim+3% glucose
5.5 1
L i
oy 5.0
O
4.5 - ©
4.0
..\.
3.5 :
3.0 T T T T T T
0 20 40 60 80 100 120
Time(h)

Fig. 19. Effect of glucose concentration on the culture pH of L. plantarum

YH in 10% skim milk.
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Fig. 20. Effect of glucose concentration on the culture titratable acidity (%)

of L. plantarum YH in 10% skim milk.
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Fig. 21. Effect of glucose concentration on the growth of L. plantarum YH
in 10% skim milk.



o}, L. platarum YHE ©]€% Cottage Cheesed A=

Cottage Cheeset oA RS AAS ] A AdH o ~EHE
A7bste] FHAIQlS SIAA THE SAATIAl Z2 tIEA<Ql cheese¢|t). Cottage
cheese= °FZF 4lgko] wv=d] o]2fgk ABtS A|ASY] fa A=E He 2A9e AR
ok wE ARl A7) wiEel AARAY thololE AFo R @We AldEo] st
+ cheese©] T},

L. platarum YH 5% stater® AF8-3}¢] cottage cheeseE A|Z3te] AMY
Aog FuEE Y-740 starter® EAE v w59t CheeseE WE o X =27F &1
HH A Zesked olue] AA pHE EA e ex/Y T ndEdd ot o
2 dutdow gxqo] dUlS AR Aol A=e] pH7F 4.60] =2 wfj7bA
S A48Slt). Fig. 222 A|ZF% cottage cheese? curd FEHIE YEH Ao
714 dojxl A Alsol ekl AFAET dd a%5S LA SHTHEeA T



Fig. 22. Structural form of curd of cottage cheese (A) and separated whey
(B).



A 2 A : Calciumo] 23 A=z 7xo EzH 7]A

7t &% A7 AYE

1) Cell culture

AR FAERQ]D 3T3-L12 37C 5% CO2 incubator(Nuaire, Air Jacketed,
USA)ol A 10%(v/v) Bovine Calf Serum(BCS), 100U/ml Penicillin® 100ug/ml
Streptomycin, Z%&%=7F 1.8mM<l Dulbecco's Modified Eagle's Medium(DMEM,
GIBCO, USA)o & ujtataitt. miF Al el A7 Confluence AEl7} =W, AW
AFA A A AFAEZS] 3 =5 ¢]3+o] Differentiation Media(DM) —10%(v/v)
Heat Inactivated Fetal Bovine Serum (HI-FBS), 100U/ml Penicillin®} 100ug/ml
Streptomycing ¥3F3+ DMEMel| standard hormonal cocktail(5ug/mle] Insulin, 2.5u
M¢] Dexamethasone, 250uM&] 3—Isobutyl—1—methylxanthine(IBMX)—< Day0=Z4-E
397 AHgsta, o]FeolE 5Sug/ml Insulin, 2.5uM Dexamethasones ¥*&3F 10%
FBS-DMEMC &2 A Al 2238kE A8 Addol] 221 3T3-L1 Cell line =+
P7~P17 A}¢]9] Passage numberE 7}3 AlEE AFE3} T}, Fibroblast$l NIH/3T3+=
37C 5% CO2 incubatorell 4] 10%(v/v) Bovine Calf Serum(BCS), 100U/ml Penicillin
7} 100ug/ml Streptomycins X33 DMEMol A vl &3} <3t}

2) RNA extraction®} Semi—Quantitative PCR

6cm culture Dish(Falcon, USA) ¥EE: 6well plate Are] #3}7F 3=
3T3—-L1<L Trizol(Invitrogen, Cat. No. 15596—018)&% cell lysis3}o] Trizol
Chloroform =5 : 1 ¢ H|&2 Y3 vortexing ¥ 4C wFIAEZ7]E o] &3}

12,000g0 A 154 &<t AR E . A8 * 4359 RNATHS A28 EP

=



tubeoll 27131, 100% Isopropanold ¥ o]A vortexingsle] 2+ 4] o]Ft}, thA] 4Cof A

12,000g, 15% &<t YATHE & F ASAS AAST 75%(v/v) AereS Yal A
0

00g, 15+ &< dAEd] & AS59S AAs L, iz

’

o] DEPC-DW= 3]4=3tt}, 3]<% RNATE Oligo dT(Invitrogen, USA Cat no.
18418—012) ¢} MMLV(Promega, USA Cat no. M1701) SHAAL &AL ZE o] &3] cDNA

=

=0z cDNAYE Taq Polymerase®} PrimerE ©|-8&3fo] PCR 7|HOo R

i
o

FAAE FZA 7Y o] ] 4o o] &3 Primer sequencei= table 5 ¥ 7t}
PCR producti= 0.1% EtBro] 590+ 1.5% Agarose gelol 100VE 7| F3}aL,

[¢

Gel doc XR system(Bio—Rad, USA)<S %3}9] Band analysisa}3it}.



Table 5. Primers for Semi—Quantitative PCR

Target genes

Sequences

mPPARy

mC/EBPa

mSREBP1c

mLXRa

mFXR

mVDR

mResistin

mAdiponectin

mh36B4

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

TGCTGTTATGGGTGAAACTCTGGG

CGCTTGATGTCAAAGGAATAATAAG

AGGTGCTGGAGTTGACCAGT

CAGCCTAGAGATCCAGCGAC

GATCAAAGAGGAGCCAGTGC

TAGATGGTGGCTGCTGAGTG

AGGAGTGTCGACTTCGCAAA

CTCTTCTTGCCGCTTCAGTTT

CCAACCTGGGCTTCTACCC

CACACAGCTCATCCCCTTT

CTGCTCGATGCCCACCACAAGACCTACG

GTGGGGCAGCATGGAGAGCGGAGACAG

AGCATGCCACTGTGTCCCATCG

GCCAACTTCCCTCTGGAGGAGACT

TCTCCTGTTCCTCTTAATCCTGCC

ATCTCCTTTCTCTCCCTTCTCTC

AGATGCAGCAGATCCGCAT

ATATGAGGCAGCAGTTTCTCCAG




2. AFATFLYY

7}. High calcium Z43ol @& Vitamin D3/VDRY B A7t AWAEE3}9}
AgZAe) v FFEY

1) VitD3/VDRe| @& A|A 2] £3}9] W3}

AGAE Estol whE VDR 23 &9 Semi—Quantitative PCRS &3l A

A &8kt Preadipocyte el 3T3-L13 371 A12HE day0—DM 2 VitD3 244
b AYAEZZEE 7 Stage HEZ Trizol2 RNAE FZ3}o] cDNAE

et
ox
o

=,
Semi—Quantitative PCR& A&ttt 771952 0.1% EtBro] E9IAE 1.5%
Agarose gelo] 100vE A7|9%& 31, HEAHO R H7|YEH agarose geld gel
doc A =®lE Fsfo] 23 W3}

primerE ©]-&3}% .

il
i)

o1} t}l. Internal Control gene®o EX 36B4

) VitD3/VDRES 53 AA X E3}

VitD37F A A Z 23t v x]= 93 212 Oil-Red O GHS S|4 &

o
&
127
X
rO
i
ek

Folth B3571 A&l Day0F-E VitD3(107 %)< A8 st & 23} 38U wiAE A
Adtil, PBSE 2¥ A3 3 Oil-Red O 9AME A dstg o, AME Oil-Red O

ol

f

ol

23] 500nmel A 0.D.3FS =439t
o)) VitD3 Fx9 wWE AWAEe £3 2 43
VitD3¢] %o w2 AW E 23} A 5= 107'°~107°Me] VitD3E &3}

0L F-¥ 48AI17F ot A3k & F3} 8AA Oil-Red O ML T3 s}

) 37 mE ARAE 3 43



EsA7]e] wE APGAE E3HE dotr 7] A AGAE EIHE A=
3L Ao ARATAES] "dE7E 100%]  ol& F % 2939
postconfluent Al71& A & AWMzl #3171 Al 2d Al7]e] wjx]E GM(Growth
Medium: 10% BCS in DMEM)e°l|l 4] DM (Differentiation Medium:5ug/ml9] insulin, 2.5
uMe] dexamethasone, 250uM2] 3—isobutyl—1—methylxanthine, 10% FBS in DMEM)
23Uzt Ak F AWM EFA A (5ug/ml insulin, 2.5uM dexamethasone, 10%

FBS in DMEM)® 3712 647t AWH4S fwdk).

2) VitD3/VDRell & XAz AdsEA 9 &4 =32

7h) AAEAHE 2H H43F (Promoter assay)
VitD3ell &gk APA 223t AAZT AAAEE A5efAe S HS
23] o]Folx A dolH 7] LslA ZF &A1 response element—fused reporter
genes(PPRE—Luc, LXRE-Luc)& ©]-&3F91th 24 well plate] 5.0 x 10*cells/cm’® 8=
2 Zg NIH3T3A3#e] SuperfectE ©]-83}e] Reporter gene : VDRE H|E& 3:12
Transfection 3Fgith 1247 o]3 o] PBSE 23] A& £ #ix= v}y E t}&, VitD3
£ 10°°M X2 Hgsth. £3 PPARyS ligand$! Rosiglitazone> 10 °M& A2
kgl om, LXRE ligand?l GW3965% 10 °MS Al ith.

) VitD3 A #e] @& X AYAZEAA E adipocytokine L@} FF £H

2 A AL 24 9 =; =] adipocytokine s H 3} FF gl
Semi—Quantitative PCR BIH o 2 2915} %t}. Preadipocyte A e 3T3-L13 #3517}
A1 ZHE day0—-DM % VitD3 24A17F A M EZ2Z5RE Z} stage B E Trizol2 RNAES

=3t cDNAZE FA3 3 Semi—Quantitative PCRES Al&3dtt. HA7|g%&

¢

_ir_
0.1% EtBro] 5919+ 1.5% agarose gelol] 100vE A7) EL 3, HEZHOE A7)
A5 % agarose gelS gel doc AZ~E19 band analysis TEIHS E3lo] Aozl

mRMA levelS Quantitation 891 th. Internal Control®2* 36B4 primerE ©]-83}9 ).



3) VitD3ell g AWAHEE S JA o oA Calcium &4 S &

7}) VitD3e] 9%t Calcium/Calmodulin—dependent protein Kinase(CaMK) &4
Z4& T8 AYARE 3} oA 49

VitD3ol o3k AAE RS Alel 1o} CaMKe] H&& doprr] ffgh 4
H2 Oil-Red O 23S E3) &2t} VitD3E 10°°M A8kl 3, CaMK specific
inhibitor?l KN=62% 10uMA 2]3a}lth AE Abde tAd shvetel Fstan 4 S &

A4 gelskoh

W) VitD3o &% Calpain 84xd& 8 AAX £3 A 43
VitD3ell o] gk A A2 E st} Aol 1o)X Calpain®] &5 Folrr] 9137

AF L Oil-Red 0 AL E3] Felatglet. VitD3Z 10°M A g&tglat, Calpain

|

[e

specific inhibitor®l ALLNS 26uMA23tG . AE AL txd 7 el 4sks

vAE B sl

}) VitD3¢] 9%t Calcineurin 842 EE B3 AWAE £3 A 4%
VitD39l] &3k XA EE Ao ojA Calcineurin®] S dolH 7]
& 24L& Oil-Red 0 AFE T FAaSith VitD3E 10°M A3

] X

H

Calcineurin specific inhibitor$]l Cyclosporin AS 100ng* 2ls}H . M X AR

9 shvletst FANGS B4 FAstg

AN

rlo

U Calcium ¥% W3 & AWAE £33 ALFHES zH3e dAF&AE
9 &4 =4 4+

1) Zge AYAE £ mA= 9 v

7}) Intracellular calcium® 9% =4



rr
Y

AR AFAE] B3y F nA
sto] &QlslEt). Al e ZEEFEE 9]+ calcium ionophore A231875 A|WA
TAIESQ] 3T3-L1el 0, 1, 2, 4uMS Ak aL, el A2 A 24+2f day 0, 1, 2,
3, 4= F-E day 87kA A o] E3F A § A23187 & A7 AT A231879]
Sl olerEo] HF FFE WA 1%((v/v) °olst7t HES A sqlth

Zr5 o] 93k2 il Red O stainings &

Gl

Oh

W) Extracellular calcium® 9% &34

AdATFAEe] E3hd 5 A= ZEe 9% 0il Red O stainings &
slo] sl AlE Q-9 ZHEEE o]+ calcium chloride(CaCly) S AW 2
TAEQ 3T3-L1d] &, Az Al AdEE vastgiy. Aol 221 DMEM
woll, Aels=e] ke 1.8, 2.5, 5,
day 0, 425H day 87}# A& 3AY

media®l = o)1 CaCl,¥] E%Z7F 1.8mM ©]7]
10mM & AAsF 1, g A& A/ Qe zhzt
o] 57+ A2l & CaCl, & AIASSIT}.

2) AMATAEL 3T3-L19 £3#HA #Ast= H5EA ] ded 2o 9%

7b) Intracellular calcium®] 9%
Zrgpoll o5k sl=8-A o] Wrd kA W3lE semi—quantitative PCRS o] 83819
##oh. Day 0Z4-E] day 87FA calcium ionophore A23187 2uM2S A 2|3k (&

day 0 ZHE o|E7F gl & A23187 & A|A3tL day 8 7}A] differentiation

rr

media & A3 ZF), Z+ day HE TrizolE ©]8€39d mRNAE FZE3to

semi—quantitative PCRS 43§38} T}

W) Extracellular calcium®] 9%
Zhroll o3k =849 W3 kA M3l= semi—quantitative PCRE ©]-83}4
#2353 T Day 024-E day 87F4] 10mM2] calcium chloride(CaCly) S 2] 3 3-(

day 025E o|E7 A8 F CaCl,S A Astar day 87bA] differentiation medias

s



A3 ), ZF day HE TrizolE ©]&3to] mRNAES 339 semi—quantitative

3) PPARy ligand$! Rosiglitazone®] Z&< AWE3} A &34 P& 9

7}) 0Oil Red O staining & %3} Rosiglitazone®] Z&w9 &I nxEe IFF

Calcium ionophore A2317 A &gl A] YEly+= 3T3-L19 A WA EE3I9} =4
Ao nx= 93-S PPARy ligand?! RosiglitazoneS *]2]3}e] rescue backo] 2o
U= gelskith A23187 4uM3} Rosigltazone 1pMS Z+2; A @lstar, 22 AJ2F Al
AL day 0, 1, 2, 392 day 87FA A% A3

}) Semi—quantitative PCRE %38}l Rosiglitazone®] Z49 &AFd nXE 9
3§l
Calcium ionophore A2317 A Al YER}E 3T3-1L19 AWMz 839l =}

Ao w X+ 93-S PPARy ligand 91 rosiglitazones *&@]3}led rescue backe] &

ojub=x st} 4uMe) A23187 & 1417 A8 & rosigltazone 1uMS ] 8}
a1, A AZ AJAL day 3904 day S57FAIE day 59 Trizol2 ©]€3te] mRNAEZ
R =

4) ERK inhibitor §1 PD98059 7} Z&<4 AW&E3 JA &dd vX= FTF

7}) Oil Red O staining ©]- €& PD98059 7} Z&¢] &I mX& G 3¢
Calcium ionophore A2317 A2 Yt 3T3-L1¢ AgA| 23kl A
o] mA = <dFo] ERK pathways T3t 7H=A &<lslr] 9lske, ERK
inhibitor¢! PD98059% = &]&}o] 3T3—L1 differentiationol] 7| X &S 2133t}
Day 32 PD980595 1A]3F AA 2] § A23187 4uM A glsle] o]E 3 PD98059<}



A23187S A|AS mjH S Qo]Fo)

1}) Semi—quantitative PCRS %39 PD980597F Zg<e &Fd vwX&= I9F &
A

Calcium ionophore A2317 A &]A] YEb= 3T3-L1 o AWAE&E3stet A
o] wAi= gl ERK pathwaysS T3t 7H=A &<lslr] 9lske, ERK
inhibitor?l PD98059E A e|ste] AFA|EZ TS} #ostes A-&A o ddASFY Wl
£ 29213 th Day 3Z5-E PD98059E 1417F A2l ¥ A23187 4uM 2] 3}e] o]
£ % PD98059%} A23187S AAZ wjx S Po]FAh

5) Zgol AFAE E3fAHd FAst= H5EAY transcription activitye] ¥
e 9%

NIH/3T3E o] &3}l reporter gene assaysS <38t tE  Intracellular
calcium ¢ =7}el 93l J3F2 A23187S o835} 11, extracellular calcium®] &7}l
oJgt dg2 calcium chloride(CaCly)E A2 3lsitt. #HE dFEA 2= PPARy,
C/EBPa, SREBPlc, LXRa, FXRE #2139 a1, transfection 5 HiA] m3kA] A23187
T CaCl® 1AZF dAgsta 24zb sidsls ligandE A Elske], 2443

harvest s}ttt B A S B—galactosidaseE ©]-&3}% ).

6) Calcium binding protein®] 9% PPARy transcription activity &3 % ¥
ol

Calcium binding protein inhibitor?l ALLN(calpain inhibitor)®} cyclosporin
A(calcineurin inhibitor, CsA)E ©]-&3}o], PPARy transactivity 4| calpain =+
calcineurin® FojoJFE- = NIH/3T3°A] luciferase assayS 3o F<lskAt.
ALLN(13uM) HE+= CsA(100ng/ml)S 1A17F A =2] & PPARy ligand?! rosiglitazone
S Akl 24413 $of harvestd} ATt



7) ZEEX F719 9% PPARy target gened W3} #F

A23187 AH¥ ¥ YElYE PPARy target gene® LEUdA W3l
semi—quantitative PCR& ©|-&3}o] #2353t} Day 3 Z5F day 8 7FA calcium
ionophore A23187 4uM<= A &3t & ZF day B & Trizol & o]&3le] mRNA & *

Z3}9] semi—quantitative PCR < <3835} t}.
8) A8 AR} ALAHEES} Y v|X= 4%

7B Oil Red O stainingS §3l9 A A&7} AWAEE3} n &= 9

AATAE] B F A= EHE A5 4FS 0il Red O
staining & E3lo] Q. xR A 4(CaC03) T WAL EHS o] 4319
I RE AR ZesiEs 3mM, pHE 45 YAtk 3345 2220 wix] o] Z4

o] ¥x= dAg AR A7) 59 CaClLE o] g3ty HE¥E7F 5mM3} 10mMo]

A AR 272 day 0, 3 2FH o] E7 Ael F ARE A

i
i
fu
QL

2
o
2
I

W) Semi—quantitative PCRS &3l EAE A&7l ANAXLES #AF 5§
A HXE 9%

ol-gate] #A3TE HEToRE A (CaCo3) 3 BaAZdES ol &aklaL, nizt
M= B A EeE 290 wiA e A sEE dAE] AR A7 T4 CaCl,E
ol-g3te] HFFE7E 5mM¥F 10mMe] HES &Gtk Day 0 EE 32E5E] o] &3t
dAe AlgE Agdted, day 8ol Trizol & o|&3te] mRNA & FE3}

Of
-

semi—quantitative PCR & <338} t}.



3. d7AETY UE R 2%

7}. High calcium Ao wWE vitamin D3/VDRY &AAA87F A A EE3}9}
A4 nXe JEFEH

1) AGAEEE | 2 VDR SdFS

AW ZEIAAELS F-A A7) vitamin D3(VitD3)E calcium effector® ZH&
o] AEY ZH4sEE 2HsE 32207 VDRY 4¢SS Fdto] tpys f4x
Z43tes Aow 4#A Avt.(Jones et al. 1998) FH+ Vitamin D37} A"
MEY H3E AdAsteE AoE BuEAE=d(Kong and Li. 2006) o]#] 3+ VitD39 A
37F VDR &4 F&/1e]al v eEA 712hs Fa o] Fol A =4
Lot 7] 94k AHAR Fig. 23014 B wkel o] 3T3-L1 ARAFAE, 2317}

o2
=
e
A
ot
2
X
folr

Al ZtEl M (day0—DM) 2 #3kA2F £ VitD3 24A13F A 2] A3 (dayl -DM+VitD3) =

s

¥E RNAE FEsto] VDRS WA

o

H| 1l

b

Z=|

&

Ak A 3 (confluent
stage)el| A= VDRel 7o EA|8A] &tH7F confluence 29 F 3= u#] A 2]A]
VDRE&o] ot Frtsttbrl sk =viA ¢k VitD3E 24A1XkA 2] Al VDR mRNA

7 343 S7heES gskith. (Fig. 23)

2) VitD3/VDRS & AWAEE 39| W3}

Calcium®] &=9t €A #AE 7FA = vitamin D37} AA| ELE8}el] v
das Au wr|9ste] AWAE #3F 2 AWFA g VitD3e] adE <l
32lth. Fig. 24014 Wi vhsh Zo] 2342 (day 0)3F 370 VitD3(10 M) & Az s

< &3} 8d4A Oil-Red O GAHS Tl AHAE &3 2 AYHHES glst A3
3 s F

s

T AEARE Z37F oAl | AS = 7 AT (Fig. 24A & O), ¥4

td

ets
Oil—Red OZ ZF%3l9] 500nmell A O.D. S Hlwdk Ax o= (vehicle)ol] H]a|

vitD3E A 27k AlEo] kel AFH o] o 55% FAaFTS FAsATt (Fig. 24B).



3) VitD3 F=d] wE APAEe £3}

o] W VitD3¢] A AE 23} 9

2L

| &3+= wlasly] Yste] 3T3-L1 AZE ©]
g38to] 7] g F= (10 '~10°M) 9] VitD3S ¥3} 0UHE 4847 A F 53} §UA
Oll-Red O @& &l AMAE £t 2 ALFA e Jr=g Hlud A oJth(Kong and Li.
2006) Fig. 25014 iz nle} o] 107 °'Me] 7% AAELe] HHE} thzaty vssht

107°ME A2e A4 APAE A

tio

F3lo] oAg-S 2l skt (Fig. 25)

Day 1 -
preadipocyte Day 0 - DM DM + VitD3

VDR

Fig. 23.. VDR was induced in the early stage of adipocyte differentiation
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Fig. 24.. 1,25—dihydroxyvitamin D3

adipocytes

inhibits

3T3—L1 cell differentiation into



Fig 25.. Dose—dependent suppression of adipogenesis by 1,25—dihydroxyvitamin D3



) B3A7]9 wE AYAE £33 gt VitD3e] &3

Fig. 26AcA Hi= npe} o] AP FA = AL D27} 100%°0 o2 F oF 2
Zre] postconfluent clonal expansionA|7]& A & AAES] 317} Al4EH oju wjA]&
324221 2348 A] (Growth medim, GM: 10% BCS in DMEM)oI4] #3181 4] (Differentiation
medium, DM: 5ug/ml Insulin,250nM Dexamethasone, 250uM,IBMX, 3ug/ml Rosiglitazone,

10%FBS in DMEM)E 393t A8k 5 XA E-7-X]81 %] (Adipocyte maintenance medium: 5

ey
a—

e

o
Ho

g/ml Insulin,250nM Dexamethasone, 10%FBS in DMEM)Z F7}2 6Y47F A WE54]
oh 35kA7]e] met VitD3e] APBAERSE A EHt WsketeA gRlstr] skl AT
MEL] W=7} 100%7F FAE 1 clonal expansion 7]7F §<Ht vitD3E 48A1%F 2] 3 VitD3
glo] Eshul« & Aelet 49 (GM+VitD3/DM) 9} #3HA1 4 (day 0)ell skl 2k ] vitD3
= 4823 Et A § APGAERAAE A2’ A (DM+VitD3)S VitD3E A 2lshA] &aL
S5 FEF 2 (DM) ¥ vlalgh A3 7 g 5tz vla] APGAlE @5t 3R

(ol Blal oF 40% 7)) Rk F3A A

o

ol

+9 01} clonal expansion 7]7HE<F A€
of Helet A9-(tHztell nls] oF 60%4%= #4) VitD39] A&y EA FieS 2l
o (Fig. 26B & C). 3 AUAZE3 5 64 A0F2 tigh VitD3e] g34&5 A
I a3} zpo] 7} 1A (data not shown).

Ol'

w2
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Fig. 26.. 1,25—dihydroxyvitamin D3 strongly inhibited adipogenesis after

initiation of adipogenic program.



5) VitD3/VDRe] &j AAtrzdds849 &4 =4
WA 159 PPARyE A WA EE3}Y] master regulator® 2 44 o
& LXRE AAELSE fiedhs T3 Ae8AR dA Slth(Science 294, 1866
(2001);Ajay Chawla, et al.) calcium® downstream effectorq! VitD3ell o]3h x|WA| &3}
A a7t PPARy, LXRG¥ 2 AArazdasgAe] 4 248 B3 o] Foix&A
ol ] Qsled ZF W5RA|9 response element—fused reporter genes (PPRE-Luc,
LXRE—Luc)< ©]-83}] reporter gene assayS A6t} Fig 27.(upper panel)ol|4 Hi: uf
9} Zro] VDRY transfection & 79~ tZ7-(empty vector/vehicle)ell H]3) luciferase activity
o & 3k FX ¢l PPARYE} rosiglitazoneS 8] 7A$- luciferase activity”’} F 32v) =
7}k 2™ PPARv/rosiglitazone® 7o) VDRE Iitad Al 79 vitamin D39 &AH-%F
A1l PPARy/rosiglitazone2] AALEA Tl & G x| gk Aoz S1E )
Wb LXRE—Luc® 7-$-(lower panel) VDR/AvitD3 A EA] thZtoll Bl 28] o]Ake] HAEA
& How LXR/GW39659] 7% thzstol sl of 30ujds=e] A

-

445 B LXRY
Aol tist VDR 38 Polrr] 98te] LXR/GW3965¢F &) VDRS transfection?]
7 73, VDRuF A2 & 9 LXR/GW39659] “AFdo] oF 84% 7hAaskglem, VDR/VitD3
o] A9 oF 50% FHAakoith Hgk LXRO] HARdel tigk VDRO| dosage& s &otir| ¢
alo] VitD3e] EA18lellA] VDRE %(100ng — 500ng)S 712 7% LXRE A} o]
50% — 22.86%% FAske= Ao &2 YElY VDRO| dose—dependent manner® LXRO] HAEA]

& YAl Aoz AAH A,
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Fig 27. VDR/VitD3 inhibition of PPARy and LXR—mediated transcriptional

activities



6) VitD3 A2ld] we A ¥ AAojAkzdAAt E adipocytokine F-AAe] WW 3}
A aEe] Eohe Bl gk AR Fol st
¥ 53] 8415 PPARy, LXR, FXR o] AAZLs R AW54e] F2U42 B

o7 Z oA 9o

M
>,\I

&} (Seo et al. 2004) VitD3/VDRO] o]E 5849 HAAFEA ¥ oz} w42 &
3 AWAE FoAAE FEsteR] dotry] fste] AWHFAE, ti2at(EshAr DM) 2
B3le} Aol VitD3E Aglst AZ(DM+VitD3)E5E o5 A4eA FaAse] ddAES

=
&l
ol
38
)
[es!

ig. 28A.0)A HE npe} o] PPARy FAAke] A9 tjxatl vlgl] VitD3E A ¥
sk 79 o] 7HAsh whd LXR¥Y FXRE 749 @R} gl Aoz SRIFSTh A
AquAsHe AT dd ALFA7HeRMo dg B ofuz} theFgt adipocytokines 4]

she En7ee s 288k o]2{gl adipocytokine AWz - ofue} t3} 1o 2§

AoE & o]5 adipocytokine - HAHE(TNF—a, adiponectin, resistin) 2] AW I}Z AL
Fig. 28BollA] B upe} Zho] QladAde Fdhe TNF—a9 3% VitD3E A8l 4
G- izl vl 45% FE FFaskelon] E resistin®] A AWHATAE FFEG vpt
A2 Ao o] dojubA] FUTH95%7A). HHA QleddS S7M7IE AeE 4zl

adiponectin® 7A-¢ ol vl ok 20% AEW Tasts Aoz Fely ot
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Fig 28. Changes of expression profiles of the nuclear receptors involved in
lipid metabolism (A) and adipocytokine genes (B) by 1,25—dihydroxyvitamin
D3



7) VitD39 9%k A A EES} Ao oA calcium &4 TijEe] 9
AZW s Wshs AWAZEstd Uis 93-S 7 VitD3= AEW 2
ol T71= 7Pt VitD3e AlEW Z59] mobilizationS F=3SFEE VitD37} tfkst

-9y vl By 29 Bo AW ReloE FrEshed 2Absch

=
o

H

7h VitD3e ¢]3 Calcium/Calmodulin—dependent protein kinase(CaMK) ¥A4z4d& ¥
g AGAEES] A

CaMK (Calmodulin—dependent protein kinase)< 8.3 Z<45 213 4199] downstream
effector= VitD39] AWAHEE31e] A a27} Z5 mobilizationS & CaMKe] &4 F7tell
o3 o] FoR| =] FAFFATE (Vazquez et al 2000) Fig 29—104 H= nle} o] VitD3E A
2] & 49 Oil-Red O o] thz(DM)el Hlsl 523] 7hasto] ABAE Aol oA =t
VitD39} 4] CaMK E-°]% inhibitore! KN—62 10pM(Wang et al. 1997)& 23 749 VitD3
of AA LR} A g Hahcke AR yehd VitD3® AWAIEES} Al gt Aol

= Ao RE CaMK EA3HE S8 o] FolAs Aow ludr

W) VitD3ol| ¢]3 Calpain 8A4ZE S B3 AWAXE3S] oA
Calpaine calcium activated serine proteaseZA] A|EF7]0) #oidt= thoksl factor

59 degradationd] #ojsh= T ARG AT AWM EE

Lo
BN
)
o
of
rot
18
i
o
-
o2,
oy
£

AGAE F3E 38 oz defA At (Patel and Lane. 2000; Patel and Lane. 1999)
VitD37} Calpain®] €4x4E& &

A B vle} o] VitD3¢9t @7 Calpain £°]4 inhibitor?l ALLN 26uM<S g & 2%
VitD3e] AGAEESE AAEIrt @A Faskes Ao yewth uE el 9
Calpain®] AHIA|EES}o] F4AQ Aoz B% o} Calpain £°]3 inhibitor$] ALLNE
o] ggt E ATAN= 71E] AFATeE WR Ao AGAEESE Ao digh VitD3<]

37} Calpain AF7Hs B3l o]Folx= H oz FRlHQT)



th VitD3¢] &% Calcineurin S4ZEE 53 ALAEES A
Calcineuring calcium—dependent serine/threonine phosphatase 2 %83+ Zr<5 A &4

9] downstream effector % 40| th.(Neal and Clipstone. 2002) VitD3ell &3 x| HhA| &

m
ME
ol

o) A7} Z4F mobiliztionS =3+ Calcineurin® A Z7to] 93l o] Fojx| =X FAFEHSI T
Fig. 29-304 BE n}e} ZFo] Calcineurin E©°]4 inhitor¢l Cyclosporin A 100ng2 VitD3<}
7 A A9 vitD3e] A ERSE JAgdE AAaATE ow yERgoy CaMK
o Zlo g SRIFEATH

olgoll Al Bz vk} o] VitD3w Aojk FEAo 2 MY calcium mobilization®l]

&l theksl Zr—oeA wdE (CaMK, Calpain, Calcineurin 5)¢ ZHAZFHS =3 A4

inhibitor¢! KN—624 Calpain inhibitor$! ALLN Xt} 7 &3}

rr



DM DM+VitD3 EKN-62 10uM

"-hr'-\..__u_\_

Fig 29—1. CaMK effect on 1,25—dihydroxyvitamin D3—mediated suppression of

adipogenesis



DM DM+VitD3 ALLN 26uM

Fig 29-2. Calpain effect on 1,25—dihydroxyvitamin D3—mediated suppression

of adipogenesis



DM DMHVitD3 Cyclosprorin A 100ng

Fig. 29-3. Calcineurin effect on 1,25—dihydroxyvitamin D3—mediated

suppression of adipogenesis



Y. Calcium §% Wstd] o AYARE £ ALFZHE zdde YT &As
o 8Y =4 a7

1) AEAX B3l A AXEY calciums=9 9
AEZY ZEse wsts Mxe Ay d4S WHelAA MEUe thest
ANsARE 2430 AZY Zg 29 ¥ss A%z 2 3 ovnky WA

BAZE = Aem 4R dvh ARAE E3ke] Hx A7l Axd 2wl T

7 AZED Zgs=9 F7H wE AA XS] 3}

AgAEe] Estel] gk Axd Zasts 9F= sy AAste] 3T3-L1
MEZF 100% confluence 3+ & 225t clonal expansion 7]17FHS AX A HA| X H3}
2 73 (Insulin/ Dex/IBMX) A Z3l7] ZAARE HNIEY ZHEEs Z7A7)= A

o8 47 A231872 o8] Tz 8dA 7HA] AEHHow A & Oil-Red O &
el

MG B AWEAS 2AE T A23187 1uM-E A WA E o] B3} oA 2 o] u}
2 AUSHSs Bz JAs 2 uMY 4uM HE Al AFAE B35 3]
oA Al71E Ao® FelEArk(Fig 30A). AWAIE 231 1440 0dAds= &

A23187 2uM= AWAHE #3tE FEA R A 4uMRE AAZe] #3tE ¢

A% ARG ALY BHEE Skl hE AYALRG oA Ene Bih %)

=2
T,

X,

o
QL
=l
o
N

Jus
-z
2
rr
N
%
o
)
o
ofN
)

>

171 Ao2Z HI3%E9 0B Z(Shi et
al, 2000) 2 FAANAM = AxEUS ZFeo B3 AA G B TR E A&

Aolx] o F= Feldt Ayl B3} Tkl 4R oA E A23187 4uM-E A WA E 9

AREHA G FRACR olAs Aow HlHe] JEe] nist del ZHel F7)
v AMAE B35 27 B ollel B3} ebdel ARE T AWFAe] Aol Fuk



Folm I raRE HEAY ANFAY s R e AeR A}

Ak 710 BaldM = AlE ZaeEiee] S 243 fAslene o3t

Aol 2ol AXU F= 7 wE AAE B3 @ 254 A gt Tk
A= Zgehs Aol Al 717ke] o] w2l A] Felstry] $Jsf AWAE H3 0. 3.
5AA A23187S THE L= 2¢UNE AFsta AA & YA AIHHS AkeE 4

o A23187= I sk S AP Fig 30A9] A9 Aype} viek Adas Al
th(Fig 30B).
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Fig 30. A23187 effects on 3T3—L1 cell differentiation into adipocytes. A)
A23187 was added at the indicated time and treated until day 8 after
initiation of adipogenic program. B) A23187 was added at the indicated time
and treated for 2 days C) Lipid droplets of adipocytes ( X 100 of B).



W) AES ZEEE ZUHd wE AT 23 2 =3 e w3}

AL Ao Fhe BEALL B BH FUS F7AATHVazquez et
al. 2000). webA A23187 Ao WE XY Zass =7t A2 AEe 7
H#EE F7h A ARAE B3 L AYHHY fAEA} bR Son]
gatol MEE3} 0, 42 Aol e Fxo] Z4S AxuAel Aelate] 8L AA
Fo] B3l % olo] wE AEFAe et AlE 2ol &3E Oil-Red O Gl
os ujz wiAe waatgich Fig 31.004 R upe} o] Ral A|Zw) A AE
o] Z4e A & A9, dlET wjA(1.8mM CaCly)el Hl8] 5 2 10mMe] CaCl, A
2]9] 7% Brian Jensen et al.(2004)¢] B0 Mo} vlx7px 2 A WAL 3} o)A 9
23E BW(Fig 31A). ABAIE 23 TRkl Axe] g = S77F 23t

D AAFAo| wX = GEgS g5ty flste] 3 444 10mMY MEe] ZES
Z7tel e 24 FYe AAE B3 27 B ool g Tk A E x| EFH o7
1. 494 CaClLE Y& == 243w AHsta AlA & 8dA AW=4S A

A CaCl®s ®34A &k A A2l Fig 31A° 23 Aol vze Axsg o

21t} (Fig 31B).
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Fig 31. CaCl; effects on 3T3—L1 cell differentiation into adipocytes. A)

CaCl; was added at the indicated time and treated until day 8 after
initiation of adipogenic program. B) CaCl; was treated at the indicated time

and treated for 2 days.



) AEW Zes: Wdd & AYAX 23 R AWFHA BAs= AAE
Q24 ¥y w3

Az Zas=E sl wE AAlE Z3b Al i £A44 71d A

=AY D Pen BPAAY AWEA PP qE AL L BALE oS
T4 A7 W ol ww % wwk wan odw gabg Agke] ol 2 A sl
W EARE ATH AWALY Roh Rd AAAAT} AfHoR B3

slof AWAES] #3HE st AFAHE SN Ao F deA Ao

M

3} %7] C/EBPa”} adipogenic A AF¢] H3lS ZA3= PPARyv9 SREBPY HHd

o

ARG, 58] PPARy= APPAIES] £3F 2 ARHHS A= BFSd

L

T ZisEe S7HE ol d AazEelAte] wE A FS oAste] TR
5 AAbzdR12 7 o] m] e & o

i A AFAo] dojyr R o] Al7|o] AEW ZF
wRe Wb 7] HEE o5 AMARIARS] mRNA el oAw et JgS v =A &
ol® 7] $3te] H3} 0U 3UA ZHzF A23187 4uMS A3 F B3yAe] wE
o]5 MAIQIRte] wE S W wat ),

Fig 32A9 FAg dlZzolA B nie} o] Rsle] gy g7 2UA
PPARyS] Ht&o] doji}r] AlZ&te] mRNA 3o HA S7keS &<l & & 3
t} olo} w2 ®3} Al#at gl A23187(2uM) A Al olv] 4
Insulin/Dex/IBMXE A glato] 315 fredtolle PPARyS o] dojuA] &+ A
S ElEkgith #3h7h Haso] Aol HAE7] Ak el SNk Alxdg) 7

#57b7F 7] 2 EA Q= olg AARIARS BE S frimsto] AgFAe] i

-
&3
-z
o
rlr
o
il

N

i

= doy|=A] Lolrr] 95te] 3} 394 A23187(4uM) S A 3 F o]E ALl
=9 mRNA 59 W3S 3Hel38t ). Fig 33. oA BE uie} o] g Ao o]
ul wre o] x| WhA|xe] E3lZ RS WA I)= PPARYyE H|E3E SREBP-Ic,
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C/EBPqa, LXR9] mRNA
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lipid metabolism
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by A23187 treatment at the early stage of adipocyte
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lipid metabolism by A23187 at the late stage of adipocyte differentiation..
A23187 was added at the late stage (day 3) after initiation of adipogenic

program and treated until day 8.
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Fig 34. CaCl; suppressed PPARy expression in adipocytes.. CaCl; was added at

the late stage (day 3) after initiation of adipogenic program and treated for

2 days.
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Fig 35. Calcium effects on the nuclear receptor—mediated transcriptional
activities. A) A23187 was used for the reporter gene assay. B) CaCl; was used for

the reporter gene assay.
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Fig 36. Calcium effects on the expression of adipogenic marker (aP2) and
adipocytokine genes during adipocyte differentiation. A23187 was added at the

late stage (day 3) after initiation of adipogenic program and treated until 8 days.
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Fig 37. Rosiglitazone, a PPARy ligand, partially recovered calcium suppression of

adipogenesis. Rosiglitazone (1pM) was treated at the indicated time as above.
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Fig 38. Inhibition of ERK activity had no effect on calcium suppression of
adipogenesis. PD98059, an ERK inhibitor, was added at the late stage (day 3)

after initiation of adipogenic program.
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Fig 39. Milk calcium effects on 3T3—L1 cell differentiation into adipocytes.
Milk calcium products were added at the late stage (day 3) after initiation

of adipogenic program.
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Table 6. Experimental Conditions for ICP—AES

Description Condition
R.F generator 27.12 MHz
R.F. power 1.15 Kw
Plasma torch Quartz

Nebulizing system

Flow rate of argon gas

Analytical Line

Concentric Nebulizer
Carrier 0.5 L/min
Coolant 16 L/min
Calcium 317.933 nm
Magnesium 280.271nm
Phosphorous 177.499 nm
Iron 238.204 nm

Zinc 202.548 nm
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Fig. 41. Changes of calcium content by the acidification of skim milk with

various acidulants.
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Table 7. Proximate analysis and pH of fresh ultrafiltration permeate (UFP)

and concentrated ultrafiltration permeate (CUFP).

Total solid Protein Lactose Lipid I Calcium

(%) (%) (%) (%) P (mg/dL)
UFP 5.08 0.02 3.325 - 6.47 24.87
CUFP 19.85 0.12 19.091 - 6.16 84.94
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Fig. 42. Effect of ethanol addition on lactose crystallization of CUFP at pH

2.75. Ethanol (95%, v/v) was added to CUFP at designated ratio (CUFP:ethanol).
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Fig. 43. Effect of ethanol addition on calcium content in CUFP at pH 2.75.
Ethanol (95%, v/v) was added to CUFP at designated ratio (CUFP:ethanol).
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Fig. 44. Effect of ethanol addition on protein content in CUFP at pH 2.75.
Ethanol (95%, v/v) was added to CUFP at designated ratio (CUFP:ethanol).
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Fig. 45. Changes of lactose content in CUFP at pH 2.75 by the addition of
ethanol. The ratio of CUFP : ethanol (95%, v/v) was 1:4.
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Fig. 46. Changes of calcium content in CUFP at pH 2.75 by the addition of
ethanol. The ratio of CUFP : ethanol (95%, v/v) was 1:4.
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Fig. 47. Changes of protein content in CUFP at pH 2.75 by the addition of
ethanol. The ratio of CUFP : ethanol (95%, v/v) was 1:4.
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Fig. 48. Effect of ethanol concentration on lactose crystallization of CUFP at

pH 2.75. The ratio of CUFP : ethanol was 1:4. Lactose concentration was determined after

15 hr of ethanol addition.
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Fig. 49. Effect of ethanol concentration on calcium content in CUFP at pH
2.75. The ratio of CUFP : ethanol was 1:4. Calcium concentration was determined after 15

hr of ethanol addition.
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hr of ethanol addition.
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Table 8. Compositional analysis of milk mineral prepared either from skim

milk permeate or cottage cheese whey.

Milk mineral

Components (%)

Skim milk permeate Cottage cheese whey
Total ash 64.63 67.68
Calcium 14.94 20.35
Phosphorus 26.50 13.95
Magnesium 2.92 3.20
Iron 0.01 0.03
Zinc 0.01 0.06
Lactose 27.50 25.18
Protein 0.21 1.09
Fat 0.88 1.43
Moisture 5.37 4.73
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Fig. 54. Solubility of pilot calcium products at 100 mg / 200 mL in different

pH conditions
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Fig. 55. Solubility of pilot calcium products at 200 mg / 200 mL in different

pH conditions
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Table 9. pH, titratable acidity and viable cell

count of -calcium fortified

yoghurt.
Ca fortification Titratable acidity Viable cell count
(mg/100 mL) i (%) (CFU/mL)
0 4.44 + 0.01 0.93 + 0.05 2.60 < 10°
150 4.47 + 0.01 0.96 + 0.03 2.50 < 10’
175 4.47 + 0.02 0.93 + 0.02 2.53 < 10°
200 4.46 + 0.02 0.93 + 0.02 2.47 x 10’
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Fig. 63. Microstructure of calcium fortified yoghurt observed by confocal

scanning laser microscopy. a: control, b: calcium (150 mg/100 mL),

¢ : calcium (175 mg/200 mL), d: calcium (200 mg/100 mL).
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