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Human Bone y-Carboxyglutamic Acid-Containing Protein

— Purification, Production of the Specific Antibody and
Immunohistochemical Localization in the Human Ossifying Front —
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Bone y-carboxyglutamic acid-containing protein (BGP) has an ability to bind calcium ion, being
a major component of noncollagenous protein in bone tissue. Although BGP has been isolated from
various species, purification of BGP from the human bone by Poser et «l. was only successful by
means of the immunoadsorbent method. It is a major difficulty to isolate human BGP by the pro-
cedures available for other species (extraction with 0.5 M EDTA, pH 8.0, Sephadex G-100 gel filtra-
tion, and DEAE Sephadex A-25 ion exchange chromatography) because of degradation of proteins by
proteases during prolonged decalcification. We succeeded in the isolation of human BGP by the use
of a protease inhibitor. Molecular weight of the purified human BGP was about 8,500-9,000. It
showed an altered electrophoretic mobility in the presence of calcium ion. Amino acid analysis
revealed that one molecule contains 2 y-carboxyglutamic acid residues. These physio-chemical
properties were consistent with those of BGP, previously isolated from other species. Antisera raised
in rabbits to the human BGP reacted to the solid phase fixed BGP even at the dilution of 1/27,000 in
ELISA. Immunohistochemical study demonstrated that BGP was localized in the cytoplasm of
osteoblasts, osteocytes, hypertrophic chondrocytes and osteoclasts, and the periphery of osteoid matrix
in the ossifying front of human bone tissue. These findings support the hypothesis that BGP has a
major role in the ossification of hone tissue.
(Received September 12, 1985 and accepted September 30, 1985)
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ERICTERFEX T 2 Licly, R vEyc
e T & ik (EDTA BiKHhi, Sephadex G-
100 ww £ % #1188, DEAE Sephadex A-25iz 1 2
AHVIFBI = 7T 7 4 =) FACE * BGP %
GEET A LWETh L. X5, FEML + BGP#i&
RERL, COHEERAGLBRFAECI e v B
MR o RRALEI#RIC 3105 BGP oA R AR 5
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Price ef al® DFBCHE U CBE AT e - 7 (Fig.
L. #¥tg, 2~3mmicfigiL, Bia4+ Kokl
WEH S & E L. Z ok Polytoron RT10/35 ¢,
ML, 5~10 fEBOB A + KT 4T, 2REMALEL
7o, 6,000 2X20 0 DR L THE B I Y B TS

FLBEER FE

Human cortical bone

remo‘ved connective tissue and bone marrow
Homogenized with Distilled Water (5-10 vol.) by
Polytron RT 10/35

stirred at 4°C for 2 hrs

6,000g X 20min

Ppt
dialyzed against several changes of (.5M
EDTA (pH8.0) for 10 days
10,000g X 30min

Sup

dialyzed against 50 mM NH,HCO,

EDTA extracts

Sephadex G-100 (2.6%X80cm)

|

P-3
| dialyzed against 0.1M Tris-HCI, pH8.0
DEAE Sephadex A-25 Ion exchange column
NaCl gradient from 0.1 to 0.65M

purified BGP
Fig. 1 Procedure for purification of BGP.

(Spectropor # cut off mol. wt. 1,000)i=% L, 0.5
M-EDTA, 0.5 mM phenylmethylsulfonyl fluoride,
pH 8.0, 4Co4LMT 10 B, BRBK L. Bt
VORI 2 B 1 Bff e - 7. Wik % 100,000
gxX30 4 E LT, £ D kiF%50mM NH,HCO,,
pH7.6, 4CTHNT LoD, FRAHEAES(Amicon #
UH-1, cut off mol. wt. 1,000) T L, BiKHZE
HELA ZoRRD 150 mg %, 50 mM NH,HCO;,
pH 7.6 buffer © % # {k L 7 Sephadex G-100
column (2.9x80 cm) (Pharmacia #) = 22 13, 14
ml/Rf, 4mi/tube DEHET CHEBL, 5 FEH
10,000 RiE Y3 2 EAED . = OS5EZ RN
JE:8% (Amicontt UH-1) <c@E#Lnd, 0.1M
Tris HCI, pH 8.0 ©&#tL, L& buffer ¢E&E L
L #- DEAE Sephadex A-25 column (1.0X10cm)
(Pharmacia #) #H\TAF vigih S ar v~/
74 —B{Tlot. D5 LBRERS %, 0.1M b
0.75 M o> NaCl o> # 57 8 B 4 B ¢ 30 m/ /R, 4.5
ml/tube DL4MAET THEH L TS BGP & L. R
BGP 1, 2ol f+ vk COBIBE ATy, B
FIEHER L LT —80C I L 7.

2.3 RBEiENDRT
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MEOWHEY, BRKEEL T $ VBOTC L - THF
Tote. i, FIBHBHE TOEAEET Lowry ef
al.™ OFETRIEL 1.

2:3:1 ER X E

Weber-Osborn'® o FEECHE - T SDSEY 727 v L
7 I VLVEREKEE I, oTFEEHIE L. BGP
12 Ca¥™ o o v DIFEE FCRBIEEDEALT 5 & L0 5
NT5B & Ahb, Kakiuchi ef al®® oF ey,
BN E - A Wic 1mM CaCl, 2¥EInL, BEhE
DI EBIEL 1o

2:3:2 7/ EDR

ERUEREORB R OCER L 5 45 KGla
(Calbiochem #) %, FhZh#200~300 ug FEL,
Wt TO7 % ) KB LI BINKS iy, 6N-
HCl c#RBHRECHESRE L, 110°CT 24 BT
Ttote. 7AN VKSR, BEERY) Terry
Fa2—7 (NuncH) &, 2.5 N-NaOH 0.4m/ %
wINL 7ok, Pyrex fhSRBREN cERER L CBE
HEL, 110CT 24 BHDOIMKS LT - To. &4
BEEO7 I VBOTEY AN 8L WEET ¢ By
#E& A\ C ninhydrin &z X v £l Gla 3 Glu
DHNLRF AL D ERE NS DTEFRD Gla/
(Glu+Gla) X100 o & % % y-carboxylationfi & L
T, HBFREBEFEOREME O LB 7.

2.4 HiEo{ESL

Worobec et el o J5 ¥ 1 # U, 50%(w/v)

polyvinyl pyrolidone (Mw. 40,000 : 33#1{k2) 1.5

ml iz, 0.5ml® 0.15M NaCl iz g1 7- 1 mg k5

BGP #fn%, 37CC2HMERMLL. Zh%, 2m/
Freund complete adjuvant (Difco#) B AL T
emulsion Z7EELL, 2 FUDFEOEHWE T Iz TS L
R 2 AR B EE S EfT e e
2.5 HikMmomE

Mok e ELISA 39 ¢f77 - 7. FEL BGP
(20 g/ml) %+ Y 2% v vi#l 96 X » immunoplate
(Dynatech #) o % well 5720 50 u/ T L, 4T,
WA TBRE IR, To%, 2% skim milk(F
FI¥LZ) PBS C£ well 237 L 37C T 1 BriE L
7z. 0.05% Tween-PBS (LA T-PBS) 4 EHE
#%, PBS TEMEHRL -3 BGP #ifk% 50 uf tnx,
37TCT2RMRIG SR, »Fiz, T-PBS ¢4 mE%
L, PBS ¢ 500 fZ=& % L7 horseradish peroxidase
(HRP) @iy v+ Ig 7 2 btk (DAKO#) #%
well B7-0 50 pd fnk, 37C, 2BHRIG IR, X
Hiz, T-PBS TH## 0.04% o-phenylene diamine

v +Erh y—carboxyglutamic acid &45%& B3 5B 627

(FUk®), 0.01% H.0.2F0.1M v VB2 =
EER(OH5.00 %% well B7:b 100 o HL, 37C
DREFTT 30 FRIZERIE YT e -7 KIGE, % well
B1=b 50 pd AN-H.SO, iz CELL, +—rV —
£ — MR-580 (Dynatech &) -C 490 nm @ EEE 23]
Tl HBELCIFRAERRELEY AV,
2.6 HHHEHoRT

EDTA BRFCHZERARK &% BGP % Davis'™” o ji&
CHE-T, 10%HEV 727 VAT i Fr L BRIKE* 1T
7572, 2\, Towbin ef al™® 0 FEIC¥E LU T,
nitrocellulose f& (BREEFEMEED 1, 0.2A, 60V, 48
[ blotting 1#-. &) buffer t 25 mM Tris-192 mM
glycine buffer » 7. &% blotting L 7 nitro-
cellulose iz PBS < 500 £ # R L7c#t BGP sz
X b R AT .
2.7 i BGP miEz & 5 hiERidbs

BGP o B ki) 5 MM 5 fi% Sternberger ef
al® DF B> T PAP I X Y R L7,

2:7-1 1BXMERIE

ERFEERETT LT 15 RBMEOFHMROER
KB EWmE AR & Lie, BEBRE 10%+-1r<) T
Bz L, 3Smmigic 2 5 14 & L T 0.5 M-EDTA,
PH8.0 CHK L7 BIKKZ2 Aic 1EELH]L, 158
RIRkEE L7 BKSETH, Efir 57+ vaiL, B
S 4 pm Y U CBERTURERIC A

2:7-2 BRIGE

S 77 ETERE, RVvEVTRe s T4 Vi,
0.6% H:0, # 2 / — LB 0 S BEL, WRKE
peroxidase #fHIE L7z, > X1, PBS TEHEH,
5% skim milk (ZM#%E) PBS 1= 30 BB L. B
<PBSC#t&#, HBGPH 4, F 7-13Htype ]
collagen #Hifk(Advance #) % PBS t+h Fh 200 £Z,
100 fECFRIR L€, ZER T2/, BF0oheRIGIE
7o, PBS €5 5M0%E% 3 [ DR L 74, 50 {58
Ropiv v+ Flg 7 » miE (DAKO #) % 2 %k¥ifk s L
T, BRTI1RKHE, BfEP TGS PBS oHE
#%, 50 fEFHmRo v+ PAP E&4mE (DAKO)
FIXPAELELC, BRET 1R, BfP oG
7. PBS CHBH, ~ A+ F v —CRIEEER
(0.01% H.O: fn 3, 3-diaminobenzidine, 50 mM
Tris« HCl, pH 7.6) 4 2~3 S KIG & #7-. PBS ¢
Bk, AFAZV—vHBIE~< P F V) VTSR
L, BiK«BR - HABTERLE., SR LTHESR
BREMEY 1 KkHLEE LTHAY, RECBIERLITR
WEHBE L Fe.
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Fig. 2 Gel filtration of 0 .5M-EDTA extracts by Sephadex G-100 column chromatography.

Fr. No.

Insert is the

calibration with standard proteins. P-3 was estimated as a molecular weight of 10,000.

3 # S

31 BGP sl

Sephadex G-100 iz X A ¥ LB TiT4 > —7
(P-1, 2, 3, 4 BnEohnt (Fig.2). zhbni b,
P-3 135 FE# 10,000 YL, 73 /BROHTTEV
Gla BEOFE LT dIod, ROBEBRIZE .
Z 4o\ T DEAE Sephadex A-25& k514 4+
VBRI = N 5T 4 — BT ol ELASODS
iH (P-3-1,2,3,4,5 »#Eshi (Fig 3).
3-2 ¥4% BGP ofiE st

3-2.1 |X ik B

DEAE Sephadex A-25 o & 4 &2\ T Weber—
Osborn DH BT T 156% SDS-PAGE %17/t -7
Lz n, P-3-4 25 FE 8,500~9,000 pEE— v VEy
RU7Ts. %7-, Kakiuchi ef al. Wiz X2 Ca?t &inok
TIERIMOFRICHAKE) 2 S BEET 5 & & 28

Agsso P31 P32 P33 P34 P35

' i ' NaCl (M)

1.54

0.6

F0.4

0.54
0.2

8
Fr. No.
Fig. 3 DEAE Sephadex A-25 column chromatogra-

phy of P-3 fraction in Fig.2. BGP was
eluted at P-3-4.
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R xht (Fig. 4-A, B).

3:2:2 T I/BESW

EHE7 2 LA Gla o HALEIR, Gla, Glu
FhFN#I19 4, 24 e L, Gla o ninhydrinic
%t 4 % color factor (x Glu @ 42% T H 1. F 7o,
Gla 13k 758 < Glu OB HEET 5 = &L ¥ HER
Lz, P-3-4 i b7 A0 ) K EL, 73 7
1,000 BEDHCHhDET IV BERELYRD, IHIC
STEND, B BGP1HFHIh DT I/ BERER
wKRD>7- (Table 1).

F o R, ¥ 8 BGP » % y-carboxylation (1,
22.7%7T, Glaiz145Fd7ch 2EFTHh T o
7 3 /RT3 Poser et al® o r BGP o
WE LITF—BL T o S

3:2-3 EMBERETOMME Ca(-)(+)

EADOIEL, MFEER 1002 Hch, EDTA R
K HH DB fgET13 223.7 mg, Sephadex G-100 # L& Fig. 4 Caz_*—dependent electrophoretic mobility of
0 P-3 T2 48.5mg, DEAE Sephadex A-25 A RO g gt
I AV re<r75 74— P-3-4 FETIZ14.2 pH9.4).
mg THh 7. Ft, % y-carboxylation it P-3-4 ¢ 1}; ;P::;fcee O(ff llrrr;h& Cé*a%liz
22.7% 7T, EDTA BiKH OB X v, 132X 2.9 50
+HZRD 1 (Table 2).

Table 1 Amino acid composition of purified BGP.

Amino acid Residues/1000 Res.* Residues/Mol. Wt.** Residues/Mol.

Gla 39.4*** 1.94 2
Asp 132.9 6.50 7
Thr 32.4 1.59 1
Ser 23.8 1.17 il
Glu 134.8 5.60 6
Pro 96.0 4.70 5
Gly 63.5 3.12 3
Ala 53:5 2.63 3
half-Cys 35.0 1.70 2
Val 54.5 2.67 3
Met 8.7 0.43 0
Ile 23.4 1.15 1
Leu 78.0 3.82 4
Tyr 91.0 4.44 4
Phe 33.0 1.62 2
Lys 28.6 1.40 1
His 19.5 0.95 1
Arg 52.9 ) 2.59 3
Trp 5.0 0.25 0

* These values are the averages of two 24-h. hydrolyses.
** Residues per molecule expected from molecular weight.
*** Determined by alkaline hydrolysis.
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Table 2 Protein recovery and purification index of BGP from human bone.

Protein contents*
(mg/100 g of bone tips)

Purification step

9% y-carboxylation**

EDTA extracts
Sephadex G-100 P-3

DEAE Sephadex A-25
P-3-4

223.7 7.8
48.5 12.4
14.2 22.7

* Measured by Lowry et al.'”

** Equal to the ratio; 100xGla/(Gla+Glw.

3:3 #i BGP ZENER & z DFRMEDORE

rLEoFETRELLEFRE LD, ELISA izk -,
K581 BGP & 27,000 f5fRfR % TRILT %1 BGP Hifk
nES5nt: (Fig. 5).

¥ 7o, i KM Hh R B A 10% PAGE #, nitro-
cellulose & 1= Western blotting L, #i BGP itk T
fgggn | tc b = A, BGP oz BN KIET 5 2
L HER S e (Fig. 6).
3:4 BGP nEHE#IC &) 2 BBERSH

F#e v B35 BGP & type I collagen »
BAEA B Lo & = A type 1 collagen (3t L OVE
KEEEKCBERBEY R L & (Fig.7-a). —7,

A(LgOnm)
tn

=
o
T

125625125 25 50 100 (x10°)
Reciprocal of antiserum

dilution
Fig. 5 ELISA of the rabbit anti-BGP serum.
Open circle ; anti-BGP serum.
Closed circle ; normal rabbit serum.

BGP 1, BHFMlaoMiaE &, BRE I Lk
NEBE I RMEIRE A 2R L7 (Fig. 7-b). WNEREHE
{LE T, type I collagen iz, BKEETHE - HW %
lower hypertrophic zone 7»5, BEIAIOEEHI1Z
BatE iz Hnto (Fig. 7-¢). Zrucxt L ¢, BGP iz,
lower hypertrophic zone ® B AALERE Hf D HE
LHEBEBEOLFG R > THE RS b (Fig 7-
d). IHLIEEERTIL, type I collagen 73 F# 4
RIZBBtETH - Fooickt LT BGP 12, lacunae AE
Wk Mk, lacunae 0, ROBRICH > TH
3 5B Hila o Ml E < AR T REE AR D &
ntc (Fig.8-a). %7, WA MO MlE OH AR
ReeFEIZRD bl (Fig. 8-b).

hBGP =

A B <

Fig. 6 Western immunoblotting of BGP.

A ; Commasie blue staining of EDTA extacts.

B ; Commasie blue staining of purified BGP.

C ; Immunostaining of the EDTA extracts by rabbit
anti-BGP (dilution x500).
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Fig. 7 Immunoperoxidase staining of intramembranous (A, B) and enchondral (C, D) ossifying regions

(x230).
A ; Dense periosteal matrix and osteoblasts were stained positively with anti-type I collagen.
B ; Fibrous matrix near ossifying front and osteoblasts were stained positively with anti-BGP .

C ; Matrix below hypertrophic chondral region was stained with anti-type I collagen.
D ; Peripheral matrix below hypertrophic chondral region and hypertrophic chondrocyte were stained with

anti-BGP.
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Fig. 8 Immunoperoxidase staining with anti-BGP ( x448).
A ; Osteoblast and osteocyte.
B ; Osteoclast.

1 % =

4-1 BGP o¥i2{t a9t

BGP otk o b EE R, Ca¥ #i6
RETHLH, Ca* 14 v Lofies (Kd 34910
M & H#EREL". o bk, BGPix & o #I#I T
carboxyl {b X Tk 5345 WhaBEE T microsome I~ {71
< 7% carboxylase 1= X » Glu ##t7s y—-carboxylation
A Licky, GlaziiczbL « Ca* #5ahE

BT A2, = ot%, calmodulin 7¢ & o KL
Ca* i aHmIA L7 h, BGPxifam T Ca* #54
REEZ L <, MBS e oS T HERE A~ R4 5
EEZBRTVAY. ot iiiast T a KLY B
BENLEMEBCE T, b TEETH .
Lal, BB rAEDI I x5 EEL, 7
SR G E A E IO TR REE TS D
DD HICh 0 b, ZOFEMICELEH L2
Tre229, Ca* 14 v LshkE G RER B T4 BGP 13,
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HHARCES T5EELZLRTVA. LarL, B
ERAKALERIC, ARILENTBGP &2 E
F+5L 25005, BGP AR ERMCEEEL 7t
WEWSELHHTT. 0, BHERECEI IR
TUHERE 7 & D BRI A TUAET BB O MTE BGP ik
Atz &ns, BGPIAKIL L b i3ir L A BRI
FHBI S L T\ B LWL BHB?. ok 57 BGP
OEBRIBRENCOWTO REEATH— e H iz, BGP
OEMEBT oS, W, FBREOREYT5H
LA InThwiwnwl Eicd—R"AH 5 LB s,
BGP 1253F&233 X % 6,000 T, &&EE4 BGP
—RBEOENIC I B EHN0ERDT s /LD I
5% STFAE T GlaEEirE e N RiRAhcs
hTsb, NE#EO7 3 BEFIER Lt
BLTCWS, iR, CRmflliz7 s 2 BoEFhc
&2 B D, peptide mapping IZ X ATz, HUR
WEEIL, OS5 C KM FET DD, &
BEMIE L RE R SZ L Z E B B
Ih® v+ BGP 3, v BGP aEirEmsh
T AN, OB BGP L oiES T L. B
BGPiz, BHMERIE - B Paget 55 « BIFFIRBRBERETTHERE
BHHNIEBEEEEOBFREOMECERET A
L X b, ¥iBGP Hifkax Hy© BGP ¥ MmE2 M- FI
LL5ETHRZPED LR TS Zhicit
B, v BGP LIt@HEMAH T 587 > BGP #1
EHFASh T 5. '
4-2 k£ BGP F8lr # niSEHEDER

B, BGP 2@« nByhr S8 - BRI W5
B, v MEL D OSBRI L84 Poser et all?
oy BGPHifAZ V v N E LT 74 =245 4 —
TOWMBEOIEMTIRYL B, Zhite P BOAF
MR fic, OB L b L BRKICEM 205
_E, BEN protease {EMEDEN o DICE QO S RAEL
IAHZEIZIB. AE, KA oRCEELT,
BAEL D, v+ BEE% Polytron cigRs%, EDTA
B LY 2 HEEWTHBRT 52 LI L hSELir ik
Ll %7, &¥fFh, 4CTfroy, BREM T
protease inhibitor T % % phenylmethylsulfonyl
fluoride #¥in L, BGP K58 L 7-. %8 BGP 3,
BRIKED LHEE SN 545 F B 8,500-9,000 TH 5.
Fio, Ca™ 44 VIRINC L 0 kBIBENBEIn, &
NETHEZIN T80 BGP ok L ERL T
Fo. 73 JEEERY, Poser ef al® o + BGP tiz
F—% L Cuw k., L L, %y-carboxylation i
22.7% 7T, HHLOME L 26.1% L H RREMETH -

v g y-carboxyglutamic acid &EER BT 5% 633

7z. Carboxylation DR EICIIMERIC L BERH L &
LR TE D, B BGP ciigs@icicsizs Gla i
ENFAT B L mbRh TV Zoted Ca* o
FVRESREIMIMETL, BHREI LT L5/ D
5 LT, SEEAD 5 H L -BGP &
Poser et al.'® o BGP ©9% y-carboxylation @ & \
13, BGP oftign& 245 X v, carboxylation o
BECESERDLAZ LIS 0EBbRA.
4-3 BifE+H T BGP n/BESH

Lian and Friedman®™ 3, =v t Y JR{FEHEED
microsome 4z carboxylase {EM AL, =D
ZLrXb, BGP BRI v ELAIhD Z L EHEEL
7=. Nishimoto and Price® 1, Ewifio s Eissf
T BGP & tropocollagen DA AT~ L oA, 1
1 THAHZ LD, BGP it tropocollagen » Rz 4
WEnsbz LRFEM L. ¥7:, Linde and Hansson®
13, REARLENCRFFMRRoBE N kL T
CEBEW BGP oRTEFIH L. Lal, FEfck
7% BGP oFfeit, ToEBEREYMs LEETH
LI b, THEFTHLACEN - &
[, $ie r BGP i & » fEABLENH R X
b, b BEBOAKATRCRTS BGP oRfEYE
#L%. BGP iy, &FMla, &Ml EX{(EkEiH
ofilBECEBECRZ Hbn, 2bIL, Zabof
R+ 2 EERBE BRI ECRELRD L.
L2, BEMEoMRE S HABERRCEEL T
Wiz, ZhB0PR ik BGP of8haiy, BIF o,
BRE i, B iRASts ossification front % < O
BrES LBz EamR LT3, ¥, BGP A,
BB HER R b0 L, HEEFOLD
OHEMENFTZ &0 b, Hilgshics S i BGP iz
HEVBBR T THRES 2 AR IT® I h
7o 2 b, BGP oREWER, BWEMROESD
AJEEM: bR X T,

S5 B2 OFESL L 73 BGP $ifk#% probe & L7c#
BABAENEN D, BERRABECEBHET > &
Exb.

5 ¥ r ®

D v+ FEEE®EDTA FiK#H, Sephadex G-
100 »* 1 yEx8, DEAE Sephadex A-25 1 # vas#as
R 2574 —2Xh, v+ BGP#EH T2 Lz
BRI Ut Zofs% BGP 3, BSUECHELEST
£13.8,500~9,000 T, Ca? A FviEincy D=5 ik
BYDEILHFRD o,
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2) B8 BGP o7 : VEBOWHTCIE, —HFHih 2
@D GlaBENES T TEY, T07 I VBERKRL
hETcoREsziE—%L T\

3) B8 BGP #HE E LT, FRYATHELIE
B 7. ELISA B:CipigEsl BGP & 27,000 fs@miRE T
RIGT 58407 E bR, F7:, Western immuno-
blotting iz & » EDTA iR #iHHEE & o L %R
~, BGP L 02BN RIET 5 2 & kR L.

4 v FEEEEKRCOVT, fEERIERNT
BGP oFTEn iR Lic. BB, WEEHEL
WEROEAL T b ARG O B, ik, T
KACERE Mg O MRS -, BELE R S MERE
BB L. i, HEMEoMEEC S HAEN
R RBESED Bhe.

2

HeE - G X F LA RRESEE T
B OEEBE S BRI EEEARE BRI
B LET. o, APRICEEREAHEIE R\
REELLERAREXREEREHAEREE D
Db 55E, I L IKRBRT 58T, %
RN E ¥ LRSS B EERTES REL T
LUWIREBFE B OREE, BEROFREI X
o MBI RO 2 a#h e L T
AWMXOBEE, F£13MEAEMIRABRFTES
KRWTRELE.
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