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Effects of Poly-Gamma Glutamate Contents Cheonggukjang
on Osteoblast Differentiation
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ABSTRACT Cheonggukjang (CKJ) is a Korean traditional food made of fermented soybeans. In comparison to normal
intake of soybeans, Cheonggukjang has high digestibility with bioactive, antioxidant substances, and thrombolytic
enzymes. Recent studies have reported anti-oxidant, anti-cancer, anti-inflammatory, anti-obesity activities as well as
inhibitory activities against osteoporosis for CKJ. In this study, we identified the effects of CKJ on osteoblast differ-
entiation by increasing the polyglutamic acid (PGA) content of CKJ. Alkaline phosphatase (ALP) activity and mineraliza-
tion significantly increased in response to treatment with both natural CKJ (CKJ A) and PGA-increased CKJ (CKJ
B). However, CKJ B exhibited higher ALP activity and mineralization than CKJ A. Real-time reverse transcription
PCR demonstrated that mRNA expression of osteoblastic-associated genes such as type I collagen, alkaline phospha-
tase, osteocalcin, and osteopontin in C2C12 cells was significantly up-regulated by CKJ A or B treatment. These
results indicate that treatment with CKJ has an anabolic effect on bone by increasing osteoblastic differentiation and
ALP activity. Increasing PGA content in CKJ had a greater effect than CKJ A on up-regulation of osteoblastic gene

expression in osteoblast cells.
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E) k2 FYAHPGA) FHrae] S7hE HSge] 23 Al

7} A8 F7kska QArk16-18). 3] a3 Frgol A v
Elub= £33 A e 9] E4& y-polyglutamic acid(y-
PGA)E} sl=4| D,L-glutamic acid®] &A= =33}

)

Natto®] F4& o= 42l H19). y-PGAE 84, =°l
oA, PEA, AR, AR, A8 5o v 54
=] 7].

of o, A, FAYAA, &% A, FEAER
A som o] &5 Atk I o B okl A= oFE A
A, 58 AR A, Sves A sl o] A

2 A AHTH20). kA B ATl M=

Haso] 9l& y-PGAol of
°l& HPLCE ol&3dto 7|1& F=3(d =4 A3 y-PGA7}
sl A=FG= B v-PGA & Hlal g 8k3l
oh B8 FaAES A A5del
= ]

TAE E3te] oJm gk G35 A =X

55 #1898tk
S A3} Bang 5(21)9]
LE +vl8iginh 25 95
wapoich. A v g Al x=e]
FFHA o2 soybean 1%, glutamic acid 1%, sucrose 1%,
NH4CI 0.2%, KH2PO4 0.1%, MgSO4-7H20 0.01%<] 24
o] H L& FH|ste] AFE-31% oW, Jar Fermentor(LiFlus
GX, Hanil Science Industrial, Incheon, Korea)ell 37°C,
150 rpm, 1.0 L/air min 271 &2 36417t ot vl oFa}it),
B Ao AHgE AR A5 B 2E F 55°ColA] 484]
Az A 7FF 100 g2 A w100 mLE 101
(viv)e] H&=2 gdatA £33 tha 50°Coll A 48A12F A
Z% 5 ARgskalh
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o &7 SFT= 4&sto] A 5, 1T 1 mLE F 3t

50 mlL ¥ Eefaze] Yo e FRFR Aste] 002
Nel 7 s s4sksc o2 A 54

st

S| L= FEM| HPLC 24

PGAS] FiA e A&3t 145 dAIZvELHT
(HPLC)+& Agilent 1200 series(Agilent Technologies Inc.,
Santa Clara, CA, USA)E AH&3t9lew, #&7]+= FLD
(fluorescence detector)?} DAD(diode array detector)E
AFE-EL9 T ME] 9L Agilent auto-sampler(Agilent
Technologies Inc.)9] injection program< AR&-3] 5+ 8
A}, Column= Agilent ZORBAX Eclipse AAA(4.6x150
mm, 5 um, Agilent Technologies Inc.)& A3} o,
o] 573 (mobile phase)>.Z+ Solvent A[40 mM sodium
phosphate(dibasic), 0.1% phosphoric acid in water],
Solvent B(acetonitrile : methanol : DW=45:45:10)& A}
£-3}o] gradient 2719 A] 1.5 mL/mine] F&o2 HA5)
Atk olFate] 71€7] 278 Table 19 #7133tk £4
AloFo 2= FEASF A9kl OPAS} Borate bufferg A&
3F9leH, Agilent auto-sampler?] injection program<
3 7171 Wl Aok ihg& T3 TS 23T
FU AT F AL AL o] 83 DAD(254, 338 nm) <}
FLD(Ex 230 nm, Em 450 nm)E %3l chromatogram® &
7155 o, peakd] A& GE o] &3 TEFHA T
(%) B 8 2724 (RS Atssith

o] LCE o] &3t &5 ALt thg A& o] &3l ALttt
PGA ¥%Z(mg/g)=(F glutamic acid<0.88)—
free glutamic acid 3+
0.88=129(PGA9] glutamic acid #71¢] Ex}=)/147
(glutamic acid E2+)

Table 1. Gradient condition of solvent A and B for PGA quanti-
tative analysis

Mobile phase
Time A% (40 mM Na,HPO4, B% (acetonitrile : methanol :

0.1% phosphoric acid) Dw=45:45:10)
0 100 0
3 100 0
10 70 30
12 70 30
13 100 0
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Cell culture

u9-2~ C2C12 ZF 40,000 cell/22 mm well2 53}
DMEM(Dulbecco's modified Eagle's medium, Gibco
Laboratories, Grand Island, NY, USA)°| 10% FBS(fetal
bovine serum, Gibco Laboratories)®} & #1(1% anti-
biotic antimycotic solution, Sigma-Aldrich Co., St. Louis,
MO, USA)E AHEs & 37°C, 5% CO, sloll A w sttt
C2C127} 80% Agts wf 3= 91381 5% FBS, 100
ng/mL®| rhBMP-2%& X33l DMEMC & Ak g{th

ZZ2ME9| alkaline phosphatase(ALP) &M
w3ld ZEAHXEE PBSE MF S th 0.1% Triton X-
1005 20 LA H7}ske] 37°Col A 30%7F lysis 3F .
Lysis ¥ cell9] A% 5yl @2 Hako] ALE313 1L
U A Aol 20 ple] 0.1 N glycine® 10 uL¢ 100
mM p-nitrophenylphosphate(p—-NPP)S #7}3F & t}A]
37°Col Al 303t HHSAI AT vhE % 200 ple] 0.1 N

NaOHZ ¥F$-& F5A3}aL, 405 nmolq SF =S SH3S
o} ALP &4 p-NPPEYH-E A% p-nitrophenol(p-
NP)& &73t p-NPol| O3 xF 1 ZE 2P 5 &4
L5 dxae] AdraE B =E33ith
M3ls A &Y =4

ik = x| & A At PBSE 7PEA Al E $ 70%

ethanols 7}3FaL 4°Co A 1AIZF &< 1L

= a2~
o Ir T

A 2ol A 10+

=

ATt AES
2 M 3s}al 2% alizarin red solution(pH 4.2) 2.2
F GAE T v 5o Al AAE Fo]7] ¢
THT= 5 /‘ﬂﬂ?ﬂ' PBSE 7}shal 1548 W8St
PBSE A|AZ & 10%(w/v) cetylpyridinium chlorideZ
H7}8 10 mM sodium phosphate(pH 7.0) € M-S 7} well
’_‘47}5‘}—1 2 2ol A 1587 HFS A AA] A&
S 96-well plate® 7|1

o3 q_

AN

93]

alizarin red
562 nmollA SIF=E
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SHX}L U3 real-time PCR

83k A ¥ = TriPure Isolation Reagent(Roche Diag-
nostics, Mannheim, Germany)& ©]-83}¢] RNAE 2|3}
At} 5 pug® mRNAZE High Capacity cDNA Reverse
Transcription Kit(Applied Biosystem, Foster City, CA,
USA)S o]-&3te] cDNAR A3l A3l AlxAL vl
Aol wel P53t 4 E cDNA 1 ul, TagMan pri-
mer 1 uL, TagMan Universal Master Mix I (Applied
Biosystem) 10 plL, 3% %4 8 pLS Y il real-time
PCR 7171(ABI7500, Applied Biosystem)& ©]-&3}4] PCR
sgo}Oﬂr/} 7(431: ZsL i tl]—ooﬂ A 0] geneQ] Xéil“:
Table 204 YERAATE 3 real-time PCR WHg 271
50°CellA 238, 95°Coll A 10+ &<t 18] F~333}ar, WA
T 95°CellA] 16% o], &% 60°CellA] 15%2] Alol&$

1_
[e)
=

At

Table 2. Real-time PCR primers used in this study

Gene Primer sequence 5'-3'
OPN Forward GTAGGGACGATTGGAGTGAAAG
Reverse GGAAACCAGCCAAGGACTAA
COLIA Forward CTCCCAGAACATCACCTATCAC
Reverse GGTGGAGAAAGGAGCAGAAA
ALP Forward GCCATGACATCCCAGAAAGA
Reverse CAGATACAGGCAAGGCAGATAG
OCN Forward ACACCATGAGGACCATCTTTC
Reverse AGCTGCTGTGACATCCATAC
403] HHE Fe) 359l
SH2AM
Aol JFAl Aye F gk TFHXFE A5G
o SAIARQ] 2ol Student's t-testE ©]-8-3Fe] £4151S]
L P gke] 0.05 o]3kl A FAHeR fejde] dtta
BT,
27t % 0%
SEEMo EMZH MY 2 XMY
Aoke Eo fEAEs FFEAe] detector®® chro-
matogram®] peakE W] L&l 4o H I3}l detectorE Al
A3t 1 A3 UV 254 nmoll A= peakE 3HQlg &=
e, 338 nmol A 2F7ke] peak’} UYEIUE HS &<l

sFh. 182 FLD(Ex 230 nm, Em 450 nm)ollA UVH.th
T3 & peakZt eI A& sl SFEAY] 28
NS 0.1~12.5 pg/mLe] W92 §a|lAA HPLCE o] &
3 EAstglow, Z47te] wrd mE A FRAGTH
0.999 o)de] AddE ol S ERlsgle}. e A=

Z2] & glutamic acid % free glutamic acid®] ko] 25
A FFE ] A 1Y Qbell 2FE = AE FRle)
S tH(Table 3, Fig. 1).
H=IE AMEQ PGA & 24
HPLC-FLDE o] &3l ¥ H=4 TF3S gelsr]
H3l 71Ee] Al W o= WAl A= A9 PGA
o] TUE A% FAHASMER BaArZ] A7 B A=

Table 3. Area values of the respective concentrations (n=3)

Level Amount Area (mean) SD RSD
2 12.500 256.597 2.406 0.938
3 6.250 127.477 1.096 0.860
4 3.125 64.058 0.470 0.733
5 1.562 32.253 0.412 1.275
6 0.781 16.367 0.241 1.473
7 0.391 8.196 0.082 1.002
8 0.195 4.484 0.037 0.830
9 0.098 2.518 0.034 1.353
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Fig. 1. The calibration curve of glutamic acid.

& APPPL ol g3 LA QAysion, 2 Az
2 7+7} 3.060+0.086%, 5.231£0.193%<] FHko] =4
wlon, P24 B Atk oF 1.79¢] PGA 3% S
82135k tH(Table 4, Fig. 2).
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Fig. 2. LC chromatogram of glutamic acid (A), CKJ A (B),
and CKJ B (C). CKJ A: natural Cheonggukjang, CKJ B: PGA-
increased Cheonggukjang.

J=do] 2EAE E5fol MA= % 667

I Mz M=E=Y It

C2C12 MEFA A= Az 548 247 2AEH]
A8l MTS 28-S 333k 27k C2C12 Al Zol vl
(62.5, 125, 250, 500 pg/mL)= ztzhe] H=4 A 7S A
skal 72A17F Fol MTSE A3t 23 BE sRolA] 54

o] YElA &Skt (Fig. 3).

F=2Y Mzl = M3ls Yol n|xl= S

= A3)3 AT 2TA L o Fadh wAIA
BA Zgel SolHow FAF o] 12 B 8 ali-
zaring o] &3] A3} TH22,23). o] F& ME2] 7]Ho]
F71dstE FEel fAE ] A3lste Fab AN Jr
S Eshr] witel] o] =olA olE o] &ste] & A13]s}

o] Fro wE A3l YHYEE 11
M=) 233155 10% cetylpyridinium chlo-
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Fig. 3. Effect of CKJ on cell viability in C2C12 cells. Cell via-
bility was evaluated with the MTS assay. Data represent the
mean+SD of triplicate determinations from three separate ex-
periments. CKJ A: natural Cheonggukjang, CKJ B: PGA-in-
creased Cheonggukjang.
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Table 4. PGA contents of the CKJ A and CKJ B prepared with various microorganisms

PGA contents (%)

Sample 1 time 2 time 3 time Mean SD RSD
CKJ A 2.987 3.013 3.181 3.060 0.086 2.801
CKJ B 5.500 5.056 5.137 5.231 0.193 3.689

CKJ A: natural Cheonggukjang, CKJ B: PGA-increased Cheonggukjang.



668 o)/ 5 AN Fg5 - HET - FA
0 pg/mL 62.5 pg/mL
CKJ A
CKJ B

®
o

IR R R - E R D
125 pg/mL 250 pg/mL 500 pg/mL

mCKJA mCKJB

OD 565 nm (% of control)
r @ ®» © B B O
o o o o o o o

N
o

o

0 62.5

*%k
*%

125
ug/mL

250 500

Fig. 4. Effect of CKJ on mineralization in C2C12 cell by alizarin Red S Staining. Data represent the mean+SD of triplicate determi-
nations from three separate experiments. P<0.05 versus non treated group, P<0.01 versus non treated group. CKJ A: natural

Cheonggukjang, CKJ B: PGA-increased Cheonggukjang.
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A= B7F 35 AR 33 P&
2 AAAeH(Fig. 5).
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Fig. 5. Effect of CKJ on the alkaline phosphatase activities of
the C2C12 osteoblastic cell during differentiation. Data represent
the mean+SD of triplicate determinations from three separate
experiments. P<0.05 versus non treated group, P<0.01 versus
non treated group. CKJ A: natural Cheonggukjang, CKJ B: PGA-
increased Cheonggukjang.
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Fig. 6. Effect of CKJ on mRNA expression of osteoblast-related genes in of the C2C12 osteoblastic cell during differentiation.
(A) osteocalcin (OCN), (B) type I collagen (Coll), (C) alkaline phosphatase (ALP), and (D) osteopontin (OPN). Data represent

the mean+SD of triplicate determinations from three separate experiments P<0.05 versus non treated group,

P<0.01 versus non

treated group. CKJ A: natural Cheonggukjang, CKJ B: PGA-increased Cheonggukjang.

Al HHAY = FHAEA dutd oz F7|de] AIgE
8Rlo= zgatE soR deHrH(32,33). g

OCN< bone morphogenetic proteins(BMPs)el] o] 3] &
o] £ =1, 53] BMP-49] &3] @do] F7Fshti(33).
OCNe] &2 Fo] M3|styo] A4S FA3H= A7)
AR 8}= WA, OPNS OCNI &g 23 AM|E F31o] 27]
o} 418]8}7]0] Yepbdt) Coll Runx29] wdo] F7pgt
T o= W] F7|dstE EX13TH(32). ALPO| ¥
d IA FUHEA 23A 2 23E Sxigtty g
ol EUE & AydMe Aol 2T ME E3let #4
H FAR gEd v X = FEFe] dis Gotr At kit
ALPO]) WMo RE n

AL BE 9 A= Aol A F7HsE
om o] ALPY &4 Bt & S Uitk &
3 2 52129 OCN, OPN, Coll9] FxA}F 23 oA &
€ s 9 AEATAA dERzTEy 2 3ds B
T3 A= AR H=53 B7F O 52 UE S Bl o2
olsto] B A A= BrF A= ARG ALP, OCN,

A2lg} B 23tE SUAA st sl ¥ a9 d Aew
B2+ g eH(Fig. 6).

2 o

Polyglutamic acid(PGA) &) Zthd =70 ZA|

Eo| WA= JEE AE FFAA HEE AL S 2F
Aol mAE GEgS BEstr] st Ax AEE, 9714
Q1 AH 3 & & (alkaline phosphatase, ALP) &4, & 3]
3l A5, 2EAE 23 B FAA HHTE SHE
o AE =40] gl skolA A7 ARt as 24
=A% A3} 5o ojFEH o w ALP EAlo] ZUslsl o,
ARk A= ART PGA %ol T7ks ¥=7% B7F ¢
S ALP €4 S7F 295 Yl A=) = 43
st BASS SAT A JA A5 ARG BYF Y =&
2313 PA45E JdEAY. E 23 #d fFEAd

OCN, OPN, Coll, ALP 9A] ¥=73 B7} AR -3} w
dol o E/ YelRt ol e 23 A¥E nfgo® PGA
7 U Adol 71E AR 2EAxe] E4 &
HAY Ao Azteit

il
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