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aa : amino acid(s)

bp : base pair(s)

BSA : bovine serum albumin

CBB : Coomassie Brilliant Blue

Con A : concanavalin A

CRP : complement regulatory protein
DMEM : Dulbecco's modified Eagle medium
EDTA : ethylenediaminetetraacetic acid
EGF : epidermal growth factor

FCS : fetal calf serum

Fuc : fucose

Gal : galactose

GlcNAc: N-acetylglucosamine

GST : glutathione S-transferase

kb : kilobase pair(s) or kilobase(s)
kDa : kilodalton

Man : mannose

PAGE : polyacrylamide gel electrophoresis
PBS : phosphate-buffered saline

PCR : polymerase chain reaction

PG : proteoglycan

PHA : phytohemagglutinin

PNA : peanut agglutinin

RCA I : Ricinus communis agglutinin I
SBA : soybean agglutinin

SDS : sodium dodecyl sulfate

Sia : sialic acid

TBS : Tris-buffered saline

TGF-B : transforming growth factor-f
t-PA : tissue-type plasminogen activator
Tris : Tris(hydroxymethyl)aminomethane

WGA : wheat germ agglutinin
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Fig. 1-1. Structures of glyvcosaminoglycans (2).
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UATHZT YR LGSR T7 Y NI EEZFORMO SR
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MR E AL Oy c BN S (Fig. 1-2), JeumiZiEn, SL</hEWHllaoE

(J—>1) Tid, MRS L, KB I ERG T N TN < dlg
DRELIERKLUANNDRE (V' —> 3) TIEBILNHER, 0Tl O %

(6)



B (RIS

! |

17 (52~64B5M4) I,

20 (3~358) ')
23 (48) (D

24  (45H) (

25 (45~5H) l

28 (55~6H) /

35 (85~9H)

Fig. 1-2. Cartilage development in chick limb buds (3).
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PG-Mid. =7 bV BF ORI FAEHEBAIC B W THREMIZHEB L, ®ED
EREEBITHDTEIENRENTWA RO RO F UK I OT4 7
UA>THD (,2,3), TOXI R, ERIIZHITE S N /ZPG-MDFEHR
W T DO THIHFEREEELE BRI B T —IRFAIT T R & N2 KBk 7e st < b
Uy 7 ADHEEIZES L, IREMEICBNTEERFEEZH>TNS I &ER
B35, =7 NUPG-MOAT ¥ /N7 E OCDNARET DFERN SHEE TN D
7 /EESNXD, FOT I/ RKmEEICIIE V)LD CEEE SR, T L TH
VAR F 2 )VREEEICIE 2 DD EERERT (EGE) kR A1 >, 1 DOCH
LU F Rk RAA > BIOL DOHIESINS > /327 E (CRP) #k KA1 > D1fF
ETHENEEMNERSTZ W), TNSD KA1 3 e MM DR
A ROAFUMETOTA TV THBEN— T OIET D RAAL T
ZNEIIEE IR WHEMEZ7RT (5). PG-MIZIZa > RO F B |
HICBWI BB T A4 70 a7 NV EOERINRIEDH VLD
MO TFRIDEFET B ENMENTBO, N— A NIZ0—HITH D EE
Z6N5, DFEO, =7 M) OPG-MOWRMGEBICEETEERAAL DT
/BRSNS, ERDON— A EDOMTRSRESNTVSA, 2> FOAq
F > REE A5 AL ORFNIH EIE AU <. BRI AT 54 2 > IR DT
%, ZOXIITHEALDEME TE S RF S NEEIE. PG-MOFF DAY
REICES TIEWICHETH D ETHENDS, FRICCHUL I FRRRAT &
CRPEER A >Tid, Eb&EZT MY ORITY 2/ BESIOFEESENEN
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96%BLU93% LD TE <, HERICHT S, TNETOYIEITID, =T h
UBXUE FOPG-MIZDWTTY 2/ KD & 7))V O CRE B REDHED 5
NTV5S CREIU6E), LnLads, PG-MDAIVRF VKU DOHEREIL
BFIEETOEIARL DN TR,
WEDEERTOATFHT A TH BT T VA2 DIIVRF IV REFIRIZ
HEGFEE R A1 >, CBILZF UM R AL > BEXUCRPEE R AT 2Dty bR
RBwiFEahsd, ZLT, invitro$BRICK ORIy DT TU B>
DFIVIRF L IVREEBIIRAESRE R A T2 2 LR 51Tz (7, 8), Fiz,
ERFIC R DY B AR B 1B 5T 2SN ETHh DL
JF (L~ P-BEXUE-tRLIF) b INSDRAL Oy hZ2FLT
Wb, 270, YL FOTEPG-MR T YA ERIBO, LI FURREX
A AXT 2 RN L. ZAUTEGERE R A1 > ECRPEL R A A 03¢
KBTI > TVWD (9-13), INFETIE LI F AT Dhk& 7o hEeH Y
A RBFEIEEINT NS, 61T, -BXUP-tLI7F B AT 7F R
AL (14, 15), L-EL U F i3 Hh 2 FOMELHEHY /> RZ2RMT 2 &
ARENTND (16-18), TINS5 DFERMN S, PG-MAT ¥ /T EDH VR
FIVRIESII L 7 F OEEER L, MR DO ENEZET S Z
EMTFREINZ, TEDOWIZEIC L DLt L o7 F 20V MEFERJITAN
D2 ERBTDHIENRNZEINZ (19), T2 THE, BEffbINZHEBX
VBB ) aH 2/ 71U A AT BPG-MD A1)V AR F 2 VR OHE &
WHEEINIFA L S-I A7 25— (GST) @asy >N ERBIREH
WTHNTHIZ,
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FHT I A I RORGEE

PG-Ma 7% > /X7 EDHIIVERF I IVEREMDI07T =/ Beiki (EGF-
EGF-lectin-CRP) # 2 — K9 % Bam HI-Dra I cDNAW A (1.2 kb) (4) 23K
AR & U CGSTRIG & > /N7 EIEBIN Y ¥ —TdH HpGEX-3X
(Pharmacia Biotech Inc.) ®Sma IERALICFFA LTz, ZOMMMRA TSI AI K%
KIGH IMI09KRICE AT 5 Z Lick D iES NS BHEIRBEMIRO S B, Lidd
1.2kbDcDNAK F #2 7O0—7 & L THWS a0 — N1 JUF - a
BIOFHBINIMAEY NNV EOREZIEZFTARD LKL DEHMO 7 O— 2>
ZRINL 72 (20). EiE &RERER5E T, Bam HI-Hind 11 cDNAW - (2077
X /g3, EGF-EGF-lectin) & % WidHind [I-Dral cDNAKA (997 X/
FE5%3E. CRP) (4) ZpGEX-3XIZHlAA A, B ET S E M 272,
72, PG-MOL I F BN AA 2 & 2 — F95cDNAKTA (1287 X/ B&
FREL, P& 3330-3457. lectin) (4) ZPCRICK DML, Lt & FERITIEE
BRI 24572, CDNAWT A 23 A T N TW R WpGEX-3X Z #f DIEE in
N ® FIRF I H 72,

ARy >IN E O

75 NI B NG IR A pGEX-3X 79 A X R &+ D AN IM109KK)
Z30 mlDLB/7 > ) VR TR L7z (37 C, 12K, INnZ1Y v
MLOLB/T > B2 ST A . 37 C THIRIE DA, DEA0.6-0.712 73
LETHEH#ELEL, LTI mMO1Y 7R -1-F4-B-D-A57 hEZ/
VRERMLUTAIESY >NV EORBEFHE Lz, 51237 CTARMEERL
7ot EODEHC KD EHRZRINL 72, OBk ZHPBS (137 mM NaCl,
2.7 mM KCl, 1.5 mM KH,PO,, 8.1 mM Na,HPO,, pH 7.4) /1% (w/v)
Triton X-10012%&# U TES WA 21T > /2. T Z2E00 EL (10,000 X
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g, 4°C, 1050H). EEMNS TN TFA -t T7 70— 4BH I LZHNWT
GSTRI & >IN EH BWIEGSTERBIL 7=, Wi %25 mM Tris-HCI, pH
THZRHUTHENLIEE T I4F4— A0 NT5T7 40 —IZfEHL,

SDS-PAGEBLUA L/ TOvT 42

FEBIGSTRIE 7 > /X7 E B L UGSTOSDS-PAGE# (21), CBBR:AdH %
o bOa-—-AEADT Oy F 4 T ET272(22), TOV T4 2T
DIEEPG-ML 7 F Uk RAA &R THHR) 7 O0-FIIHHKRTHLHIL D
F AR R A HUERTRAELZ (D).

YIAZT A=A T TT 4 —

-t yo0—-2 (X2 /EF-A-tET7yO0—RA, IV b—A-tT 70—
A, 72A—-A-t7yO0-ABLUF bF Y -t 7 70— A (Honen Corp.,
Tokyo, Japan), %1 ml &2 W3IA/NJ >~k 7 ¥ O—A (Pharmacia
Biotech Inc.) (1 ml) @5 F L ZfHi> TGSTRIE Y > /X7 BB KUGST (0.5
ml; 125 mM NaCl, 10 mM CacCl,, 25 mM Tris-HCIL, pH 7.5) ®7 7 4 =
TA =IO NI T T 4 —%To7z. 1T LRBAKENY 77— (125 mM
NaCl, 10 mM CaCl,, 25 mM Tris-HCI, pH 7.5) TY¥i{b L. F/z. HEZER
TIRERED D WIS 27U 2Ny 7 7 — ERBHTEI L 2.
BRI E Y 71 Liztk, BT LE2.5 mOE/NY 77 —THHRL, KW
T /Ny 77— (125 mM NaCl, 2.5 mM EDTA, 25 mM Tris-HCI, pH 7.5)
THHZET> 72, &4 (0.5 mD) ZEL., N5 DO—E%ESDS-PAGE L1
Rl KO HT L7z, VIDASET A F > b A—%— (Carl Zeiss,
Oberkochen, Germany) Zffi > TENZTNDIN> R L7z,

ZVAYI TR M, FOEITKIMTTIVICHAELTWS 7Y aAY I/
UK -t Ty a—2R (23, 24) MW, LR EEEROHETRGSY NI H
DIEBEEZET Nz, L, ZOREDT T4 ZF 4 —I AT 5T 4 —
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PG-MD AV RF IR AR EFZOGSTRME Y > /7 HOMHK
PG-M® 77 )V R F 3 VKSR D 572 B R A 8 %25 OGST-PG-M#l
BY NI EERBENTRRAESE, EEORIAaY >/ 7EELTHELT
ZOfER, GST-EELCB L UGST-EEL (Fig. 2-12M) I IS > /X2
BELTHERENZ, N5 DSDS-PAGEBL A A/ T T 4 > 7 D
FZFig. 2-2127 7., CBBRBICKD, IS OHMEsy >NV ERTES
NBRKESTH D Z ENURENE (Fig. 2-2A), £z, JFILIF R AT >
PRERIRT 52 EMmE, ZO2FORESY > /NI ENPG-MD L7 F 2 bk R

AA DEZATND Z ENMHRENT (Fig. 2-2B). CRPEL R AA 27200
(GST-C). HBWIFL 7 F R AT 272 (GST-L) 28 VREY NI H
XEBLHREMEY D NTE &L TR Nah > 72 FERIZIRL TWRW),.

PG-M® 77 )L iR F 3 JV oK i L B8 O Wk 45 4 16 14

FEBIGST-PCG-MAl& ¥ > /X 7’8 (GST-EELCB L UGST-EEL) O &
WEE-ty7ryo0-2A (> /EF—-A-t77y0—-A, 77 h—A-t&T7 78—
A, A=A~ 7y O—ABLUOF AV I-T770—-R) ZHVWEY 7 4
ZF A=A NT T T 4K ORIz, AN T LEFEHERTTHE-E2T7 7y O—
ANTHER LT >N EZEDTAOTRIMC L DA U, IERAHE D B R UH
BWHDY N7 EESDS-PAGEB LSRR AIZK O LIZEZ A, GST-
EELCII&Fli-—t 7 7y O— 2kt L, A>T MEERNZFEZRT &N
HEL 7z (Fig. 2-3, A-D)e T2 M A= —ZHWTREINZY 2NIE
N ROBZWE UEFSR, GST-EELCIZT7aA—A-t 7 7y O —AH D WIEF
hAY)d-t770-2&K0HY> /EFA At 7 7O0—-2ABLVOTT b—2A
-t 7 yoO--2ZH L. KO0@mWEEEZRT I ENHS M LR Tz (Table
2-1), ZHUTHBHZ R WS HERRIC K > THAtN SNk, Tabb,
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o] 1000 2000 3000 3562

l | | | I amino acids
HABR GAG LECTIN
%_[‘llllllllllllllllllll—m— PG-M core protein
EGF CRP
GST-EELC
GST-EEL

Fig. 2-1. Schematic structures of PG-M core protein (top) and expressed
fragments (bottom). The domain organization of PG-M core protein is indicated by
boxes as follows; hvaluronan-binding region (HABR), epidermal growth factor-like
(EGF), lectin-like (LECTIN), and complement regulatory protein-like (CRP) domains.
GAG and GST represent the glycosaminoglycan-attachment region and glutathione S-
transferase, respectively. The number of amino acids is indicated at the top. The two
GST fusion proteins, including duplicate EGF-like, lectin-like, and CRP-like domains
(EELC) and duplicate EGF-like and lectin-like domains (EEL), are shown at the
bottom.
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Fig. 2-2. Expression and purification of GST-PG-M fusion proteins. The two
glutathione-Sepharose-purified GST-PG-M fusion proteins (GST-EELC and GST-EEL,
see Fig. 2-1) and GST were electrophoresed on a 10% (lanes 1 and 2) or 12% (lane 3)
SDS-polvacrylamide gel and then stained with CBB (A) or transferred to a
nitrocellulose membrane. The membrane was stained with anti-lectin-like domain
antibody, polvclonal antibodies to a peptide encoded in PG-M ¢cDNA (amino acid
residues 3395-3414) (4) (B). Lane 1, GST-EELC; lane 2, GST-EEL; lane 3, GST. The
bands at 62 and 51 kDa correspond to GST-EELC and GST-EEL, respectively. The
band at 27 kDa corresponds to GST. The other bands are from contaminants.
Molecular mass markers are shown to the left of each arrow.
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Lactose-Sepharose

B +200 mM Gal or Man +500 mM Gal or Man
Ca?* EDTA Ca?* EDTA Ca?* EDTA
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Fig. 2-3. Affinity chromatography of GST-PG-M fusion protein on immobilized
carbohydrates. Purified GST-PG-M fusion protein (GST-EELC, see Fig. 2-1) was
applied to the columns containing various carbohydrate-immobilized gels (A-D). After
a wash with loading buffer (10 mM Ca®', fractions 2-6), the columns were eluted with
elution buffer (2.5 mM EDTA, fractions 7-11). Fractions were analyzed by SDS-PAGE
in 10% acrvlamide. Proteins were detected by silver staining. Competing sugars were
present at the indicated concentrations in the sample and loading buffer. Affinity
chromatography of the glutathione-Sepharose-purified GST was performed as
described above (E). Fractions were analvzed by SDS-PAGE in 12% acrylamide.
Proteins were detected by CBB staining. The same results were obtained with four
different carbohvdrate-immobilized Sepharose gels tested.
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Table 2-1

Binding of GST-PG-M fusion protein to immobilized carbohydrates

Binding of GST-EELC fusion protcin (see Fig. 2-1) to various sugar-Sepharoses
was determined as described under "Materials and Methods." Results shown represent
the mean of duplicate determinations and are expressed as percentage of total recovered
protein.

Amount of GST-EELC bound

Carbohydrates to immobilized carbohydrates
(%)
Mannobiose 96
Lactose 88
L-Fucose 38
Chitooligosaccharide 15

(19)



X/ EF- At Ty AHBEWVWET T AT 7y EB—-AITKHTS
GST-EELCO#i A %522 MET 51213500 mMOD-Y >/ — A& % WidD-
HS527 b= ADEMPKLIETH - 720 (Fig. 2-3, ABLUB), 7a—A-t7 7
O—AHDWEF A T-7 70— ZANOFHAZHET 21213200 mMD
BB DRI TAD TH - 72 GEUIIR L TWRRW), /2. ZNs OFLHEEE
D HUIGST-EELCOBE—t 7 7 O— AANDH A A 7 7 O 24 T3z <
BERACKAFL7ZH6DTHDHEND TEZRL TS,

S DR B LRI NG Y > N7 O OPG-MOD 71 )V R F 2 )V A bifH
LIS DSy T BGSTH Y OFE IS IES MDY 7 4 =5 4 —2BAx b
7574 =L 0Nz, TOE, GSTIZ, ZNsofi-t7 7 Oo—AZiF

ELEHEALBNWEND ZENMNEMELD (Fig. 2-3E), #IEREN/ZGST-
EELCOBHE ST MZIPG-MO 7 % 2 X2 A D VR F 2 VR R O85>
LBHHDTH DT EMHNIHL 7=,

L~ L7 F > DCRPEE R AA I Lo F ARG L Tna T ENARWN
FENTVDDT (25), PG-MIZDWT )V RF )V AR A O Rl #s & 16 7
BT BCRPEER AL > OEHIZOWTIHRE, ZD7DHIT, CRPEER AL
CERLSEEY NI THBCST-EELDOTY 74 25427 AX NI S
7 4 -~ ZGST-EELCOY A ST 72 & 2 A, GST-EELIZI3RE A HEL
ELAOENAEM -T2 (Fig. 2-4), Lo T PG-MODCRPEE R AA 1dF)VR
F VRIS OB AIE I A REH 2> TS EEZX NS, LhL,
Ty hOT TR TELITF RERAA T THEHWIENS IV MK
A DR AT Z R T Z EMMIE TN TN S (8B), TDEWAIITERT 2
OMIBAEETOEZAFLE IS DM > TR,

PG-MDBILERF VKA D NN B LRANINT WG A e
PG-M® 7))V AR F VAL DA/ fiafiez, £THIROA/INY -

Y7y O—AEMNWET T4 T4~ AX NI T T 4 TRz, GST-
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Sugar-Sepharose

Ca?* EDTA

2 3 4 56 7 8 9 1011

Fig. 2-4. Effect of CRP-like domain of PG-M on carbohydrate-binding activity.
Affinity chromatography of purified GST-EEL fusion protein (see Fig. 2-1) was
performed as described in Fig. 2-3. The arrow indicates the migration position of the
GST-EEL fusion protein. The other bands are from contaminants. The same results
were obtained with four different carbohydrate-immobilized Sepharose gels tested

(mannobiose-Sepharose, lactose-Sepharose, fucose-Sepharose, and chitooligo-
Sepharose).
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EELCIZHi—1 7 7 O-- A DYG L U4 THIL 2D LMREFRNIIA/N Y 2~k
7y O—AEEE LA, GST-EELB I UGSTIEFE A Lian -7z (Fig. 2-5,
A, D, BELUE), GST-EELCOA/SY > -t 7 7 O-—-ZANDFEEIES mg/mld
AXY OFIMZ & 0 X 7228 (Fig. 2-5B), 500 mM O BEHHEE O AN
(Fig. 2-5C) &% % W Id5 mg/mlda > KO- F UiiE o5 mg/mIOTFF A 5

SR OTM GEUIIR L TR TlRIFEAEE S NEr -7,

AU 0 ANT ARIESD B WIZD > ROA F MBS, T OEITRETE
Ty O—=2AE-XIHBELTWS 3o ) Ay /) 70 h -t T7yd—
AEWS>TTY T4 54— AR NI T T 4—%f1, GST-EELCO 7Y 0
B2 U B AT BRI E Rz, GST-EELCIEZA/XY 2 BRUAN
I UREEIC UL EERE CERMETHIV O MMEFEWIRE S 2R Lz, 3>
ROA FHBIIZIEE ARG Liah o7z (Fig. 2-6). GST-EELBXN
GSTIZZNS 7)) aA¥ I /T A2 -7y O-—-AIIEHE Ligh o 7z (il
RIIRL TR0,
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Heparin-Sepharose

A GST-EELC B GST-EELC (+5 mg/ml Heparin)  C GST-EELC (+500 mM Man or Gal)
cazt EDTA Ca®* EDTA ca?* EDTA
1| 1T ] 11 ] 1

2 3 45 6 7 8 9 1011 2 3 45 6 7 8 91011 2 3 45 6 7 8 91011

D GST-EEL E GST
Ca?* EDTA Cca** EDTA
— i 7 1 ]

2 3 4 5 6 7 8 91011 2 3 4 5 6 7 8 91011

Fig. 2-5. Affinity chromatography of GST-PG-M fusion proteins on heparin—
Sepharose. Purified GST-EELC fusion protein (see Fig. 2-1) was applied to heparin—-
Sepharose (A-C). After a wash with loading buffer (10 mM Ca™, fractions 2-6), the
columns were eluted with elution buffer (2.5 mM EDTA, fractions 7-11). Fractions
were analyzed by SDS-PAGE in 10% acrvlamide. Proteins were detected by silver
staining. In Band C, 5 mg/ml heparin and 500 mM monosaccharides were present in
the sample and loading buffer, respectively. Fractions in B were analyzed by SDS-
PAGE after precipitation with trichloroacetic acid. Affinity chromatography of purified
GST-EEL protein (see Fig. 2-1) and purified GST was performed as described above (D
and E, respectively). Fractions were analvzed by SDS-PAGE in 10% (D) or 12% (E)
acrvlamide. Proteins were detected by silver staining (D) or CBB staining (E). The
arrow indicates the migration position of the GST-EEL protein. The other bands are
from contaminants.

(23)



HS-Sepharose Heparin-Sepharose CS-Sepharose

Ca?* EDTA ca?t EDTA ca?t EDTA

2 3 4 5 6 7 8 91011 2 3 4 5 47 69 19711 2 3 4 56 7 8 91011

Fig. 2-6. Affinity chromatography of GST-PG-M fusion protein on
glvcosaminoglycan-conjugated Sepharose gels. Purified GST-EELC fusion protein
(see Fig. 2-1) was applied to the columns (I ml) of heparan sulfate (HS)-, heparin—-, and
chondroitin sulfate (CS)-conjugated Sepharose 6B gels which were prepared by the
method described under "Materials and Methods."” After a wash with loading buffer
(10 mM Ca*", fractions 2-6), the columns were eluted with elution buffer (2.5 mM
EDTA, fractions 7-11). All the solutions included 0.02% (w/v) Triton X-100. Fractions
were analvzed by SDS-PAGE in 10% acrvlamide. Proteins were detected by silver
staining.
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N

PG-M2 7 % /)X EDCDNAMRMTIC L D, FDHIVARF )V REGFEIIZ 2
SOEGEHE K AA >, 1 DOCHL 2 FAER AL >, 2 LT 1 DOCRPEE K
AL S DEEET BT EAW B AT ENTVD (). HLLO K A1 & e AT
55 NS B B O OMRWESNTHEY. FAEEL Y2 F ¥ O
13), 727U H> 26,27, —a—0Oh> 28 mENHTFeNB (Fig. 2-7).
CLOF L ETHUNAONTIE ZO R AL GEA L ST ARG
RO E AT B EARENTHO (7,8, 16, 17, 29, 30), %72, LLIF
S ORI T 7 F ROHRLHEI0 & 5 1R % D5 T R 24
THHDBHASNTWS (14-19), FEIOWIZRIZEOPG-MAT ¥ 2 INTED
FIVAF 2V KIEEA I ™ AR IO, A3 2B LT T
RIS AT B E NS T e BT S M L,

PG-MA 7% > /N2 DRV HKF 2L K% & DGSTRE 5 > /A B
(GST-EEILC. Fig. 2-1208) 13, 70— ZASN-FEFLILIFI LD b
R ABEUH T b RITH < #56 L7z (Fig. 2-385 £ UTable 2-1),
WETEEED Y > 8 2 HTH BSP 28-36 5O L & F 4k K AL 2 24
T35 NIETH. FRICIE B SRREE 2 7T (3D, REFR. B
FEBEOR AL AEARBBM, Ty hOTF 1A > TRANEF T ILF
BT > ) — ARN-TEFN NG I L0 ST A ARH 55 h—
AT EWEIEZ R Uz (7, 8), Drickamer (32) 2WEEREE R A A 26N
BEFIDS BT, WIS YRT 5 & LTlE LT S/ BISEIDW
THPG-M&ET 2 A1 > TR L TH B M OSSR Z 0k > 12
F—Cidz <, b RERT S ) RIS 5 = & %7 Lz,

PG-MA T % > 87 FUAS T DRk A I & DO T BIEEND Y 5> RIZs
DEZBRPTHEN, ZOIROMINIKLRRD b7 ND EZSTH S,
T4 TORSF L OUHE LGN 54 > b I O AR A D 3
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] "4%;——— PG-M/Versican

Aggrecan

T Y/ e Neurocan
SR S, .

N V- L-Selectin

[——1 EGF-like domain
B 1cctin-like domain
CRP-like domain

Fig. 2-7. Comparison of the COOH-terminal domains of PG-M with other related
proteins. The organization of EGF-like, lectin-like, and CRP-like domains of related
proteins sharing homologous domains with PG-M is shown schematically. Data for
versican are from Ref. 5, for aggrecan from Refs. 26 and 27, for neurocan from Ref. 28,
and for L-selectin from Refs. 11 and 12.
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BMEAT R w7 AR THO (33), ZNSIIHEY NIV ETHH T &
MHENTWD, T4 70X FUET ANTF RSP ZR > THD
(34-36), A5 =7 bEOEROF LU UIHELIEATS I b—A%E%E
FoTnwd, ZNSOHIPG-MATH >I/SNTED Y Jj > RE U THREL TW
L0 LIV, ERIZ, R LZEPG-MIZ 7« Jax s F 2 a5 -4
NTHEET D 3D, =7 U BEZEO R IS AR —F vy T
TIVFZ2 (PNA IZEOREEIND ZENREINTSO (38), PG-Ma Y
& NENZOPNAR G E BHEEA L TWHa b LR, T5
2, Z7 UG HEEL 72B-D-HT 5 7 b REEEIEL 7 F > Win vitrolZ B
WTIREMEZRET S5 E NS ZENMWETNTEO (39), PG-MATH > /X
ZEDINIVIRF D IVKRETEB O L 7 F AR MEIZ B G L Tnw B Rl RgtE
MR EIN S,

el PG-MA T & 2 X7 EDFIVARF L IVRIEGHIRA N/ > B LAY
T BRIV D MRS TR ZE B HWE L, i, Ll
F 2 DNNVY ATHT B A0 MEFRISFE N RS SNz (19, PG-MO
TE NI EDTIVIRF VR D AN/NY AT B EEEIEIA/SY O DF
INZXOHFE NS (Fig. 2-5B), 2> ROA FUMELTF A b T R
TIRIFEALHEF SNV, NS OFFIT. T OMAMERNSAN/SY kR
HTHO, BIZEAT D ORBICLD2BDOTIIRNWI EERT, £z, O
BN =ARHI 7 b= AR EOHPATIIIFI LA ERTINZ N &0
5 (Fig. 2-5C), PG-ML I F Uk R AA > ONNY AT DRSS & B
PERRI T SR G EALIZR — TRV EZEZS5ND, PG-MAT Y /NI ED
FIVIRF 2OV REGRISII AN/ D 2V HiilE & B RERICH AT 2 O T (Fig. 2-6A).
PG-MIBEFNTAN S Vil 705 A 7 U A2 Eb#EE LTS Ltk
We PG-MM U UBIEIENICHEET 2 T ENRNZINTN B0 (3, 40),
PCG-MIFIEENL D FE D TH AV T T 2T I = Zi3Ea Liznz
D (37, NN UWEE T OTH TR TdHh B/ H 2 NEEBRNOPG-M
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DIVAZRELTHERL TS EERZEND, £, T4 7 ORIFIE2D
DAY FEBRAA EHLTVWBDT (UD), NNT UHiiEEZE N L TPG-M
ET4 T ORI FIONEE L. 3ENEAEREBRL TR AREEDEZ 5N
Do

PG-MT, LI F kR AL 2 EFBRICCRPERR A b REZT MY
DETIHEEITENWT 2/ BB H OMFEIE (93%) ZRT (4,5), 52, 77U
712 DEGFR B AA 2 ECRPEE R A A NTRIR A T 5 A1 > > 72 K Bl
ERVTHENMWEENTNDN (26), PG-MTIRZD LS Lfilflid4gn sz
ARNEENTVWRV, UEDOZENS, PG-MOCRPEE R A1 A3 BB /24
BEZATORSIZEDTERNVWRAAS > THDETFHIND, EROMER,
CRPEE R A A > & RS GST-PG-MAl& % > /N 74 (GST-EEL, Fig. 2-121R)

IEBE, AU 2 BRUANNT VRGO T 28 ETE RN 2 E S iz
757z (Figs. 2-4B L U2-5D), SRIDFEREHEKIZ, L-EZL 7 F 2 THCRP
HEAA ZDBRETL I FUmEMNRT D LN ZEMWMETN TN D
(25,

YL o F 2TIREGERE R A 23 A > RERikoln g \c E s sk %
B2 TS ZEMHEINTHO (42-45), PG-MOEGFEER AT >H LY
F BB S L Thwa e LNk,

Al PG-Ma 74 287 B DAV RF IV EEESICGEET H5CHRL 7 F
HRR AL ORFEEREEFEVIL. F2, AN CBIUNNT UHEAN O
GERWE U7z, PG-MIFHIREAS BLFEE 46) Sbofliast< b v 7 2
TN T DREATEN (2,37 2R T ZEBWMEINTBO. UEDOLSAIE
P20 U TPG-MA 2 DM TEHEICH 5 L TWB EE X 5N 5,
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SINTE DIV F IV RETEBITIZEGERE, CHRL 7 F kB L OCRPEL R
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o 3

PG-MDL 7 F U R AL ORISR REEB LN
FOYHR

o i

=7 MUJEEFIZ BT B ETER OO 1 DI, FEAEBRRE23ICB T 57
TREEEN T DIMED EBDHIETH D, ZOMTHEILIT. i TEZ 2F
IMERCARRIRTH O, IEMIREHRO/INY — D IBRIZE > TEHERBRTH S &
EZEZLNTWVWD, &Ko T, MIAHREERT SIS N /=0 TR IC L D IR
RIS, ZERIANCH E N TV BIETTH 5 (1),

PG-Mid, N7 MUBEEA S HEES N (2), £z, FEEBRRE23ICBT
2 [ 2F DM AR AL O EEZHNAAN T B U v I A TH S Z EAREN
7z (3)e PG-MIFKE DR E LB U (3), > TREICRHEN/E 70
TATVATHBT TN NEPITHIINT 5 (1), ZOXDIRReRI, 2¢
RN HIE S /2588 & PG-MIZMIFEAREHR AR O R 7afiiast < b U v
7 ADHEFITB LG L T ELEZ5NTNS, PG-MIZEZFOfIEs~< ~U v
AR THHe7)Ihar g, 74 70x7F > BLUNMA S5 EfEE
ITHIENREINTWVS (5-7). YLD EMNSPCG-MIZLOAINEAT R v
0 A& O EM A Z U T IRIFEAREEE 3B K K 7L O HIENZ B D > T
HEZEZLNS,

PG-Ma 7 % > /X7 DAV RF )V RIS L OB T L < {7 S
N/ZEGFEk. L7 F 2 kk. BRUCRPEL R A 2EMAET 5 (8-10), 72/
R IS HFAET 2 7))l VS BIHOTF IR SHIEENTHO (2,
1D, &2, B2TWITIBRENTVDEEDITL T F bk R AA > OFREETEE

(34



HHSEMIZINTNS (12), LML, ZTOPG-MODL I F Uk RAA S
TRRXFNDOU A > RIZDWTIRIIRENTES T, £o<AHUTH 5,

Aulthouse 5 (13) 1, =7 b U R ORI FAREEE AT R RAYICPNAKS &
WHFPNHET 2 E2WmE LTS, IHIZT MIKOB-D-A5 7 b
RE¥GEMEL 7 F > Min vitroll BN TIREMeZ et T2 2 EBMe TN D
(14) ZNEDZ ENSPC-MDAIVHRF T IVEMBEEDRT LI F AEED
[ R REEE N DB GEAVRIR I NS,

ZDBETIEPG-MATH 2 /87 EDFIVHRF D IVEG O F Y IHEHIT
T OB DV TN S, KIGRFETR B KB FED % 2 H W ThE
5 N BRI T SR B RE TR, SSRBSFNTL I F bk B AT
SHEEGT BN REHRZRL, PG-MD IV F 2 )V A Ui fE I D [ FE A% BELE
BT DEENI DN TR T 5.,
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FEERM BB KOS BR UG Tk

BT I A I ROKGE

Z MUPG-MDATH INTEDAINVEKFIIVKEERIBDI07Y 2/ iR5%
7 (EGF-EGF-lectin-CRP) % 21— R9 % Bam HI-Dral cONA¥rH (8) DR
i & AR & L, 2z pGEX-3X (Pharmacia Biotech Inc.) @ Sma IHB L
WCHLARA AUTE (12), #5572/ A pGEX-3XDGSTA O3 — R A D5’
Kz Eco NIZ X DYWL, K 20K & Uz, pMAMneo-S7' 9 X X
R (Clontech, Palo Alto, CA) Z#Sma ITH{b L7z, bW %&2% BIOGELY
A O— 25 )VELVKE) (BIO 101, La Jolla, CA) ic X O L., M7 5 X 3
=TT FNH - (-PA) DT FINRTF R (367 2/ KL 20—
R4 %143 bpDO Wi ZMERMAIDF v k (BIO 101) Zfi-> TH#L/Z, Z0
143 bpDDNAW F- % FRtDEco NITUIW L, A Z2 VAR & U7z X
PGEX-3X & Lz, TNICLK0ESNZMELZ 7 I A X RZEcoRI&EXho
[TUIW L 72tk t-PAS 7 IR TF REGST-PG-MAIE Y >IN B 55
BT A S5 278 (Fig. 3-12) 22— N T %2.0 kbODNAK A Z2¥5
L, TORIGEEEAISE LUls, T OWi A 2 SV A0 DBRE 51 % K DB 41
JAFETAR T & - Tdh HpcDNAI/NEO (Invitrogen, San Diego, CA) @ Eco
RVIENLICHLIAA AT, T OFHEZ DcDNAI/NEOT' T A 2 RZ&EpSPGM-C &£
7z,

COSHINIZ BT HHMMAPG-MD — i FE B!

COS-1#I@ % 100 units/ml X=21J >, 100 pg/ml A RL T hRA 2 0B
L U10% FCSEGZDDMEM TR #E L 7= (100 mm 5« v 2 a2, 37 C, 5%
CO,s 60-70% A7)V T2 FOCOS-THIIZPSPGM-CH B Wida > ha—
JV& U TpeDNAI/NEOZDEAE-TF A b T HRICKDE AL /= (15),
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BAATHEATINZCOSHNBIZ L ZPG-MF AT H 2N T B D5

Bz TEADEK, COS-1MlIE%E37 CT60REEETE Lz, fil THiIRZ200
uCi/ml [*®S] A F4 = > (Tran®*S-label, ICN Biomedicals, Inc.) T8FfIEE%
L. B ZEEILL 72, 30708E (1,200 rpm, 550D 12 & 0 53l & 17l
Al ZkRE, EWEIZ1% (w/V) Triton X-100ZEM L7z, ZOEENS JIVE
FA -t 7 ¥ a--2 48B4 T L (Pharmacia Biotech Inc.) %> TP*SIAF
TR E NAEGST-PCG-MF A 58 >N EZRHE U 7o, IR
TIWEFF &M\, i E10% SDS-PAGE (16) BLU7) 407 5
T4 —IZEOPHL, £le, VI4ZT4—200X T 574 —HBWIZEM
fEEEEBRITH W,

RKIGEIEBRICKBDPG-MlG & > /X7 B O

WEIETIHRREZLDIZ, =7 MUPG-MD AIVHRF IV R D307 2
J B3 (EGF-EGF-lectin-CRP) (8) =5 OGST-EELCil & & > /N7 E db %
WIIGSTZ AGEN TR S TR L 72 (12), A2 10 mM Tris—HCl,
PpH 7.5 LTENL., 774274 —2 A M TT 40—, EMHEEGER
Hor\WFTOy T vETIicHnE,

YITAZT A=A T ITT 4

COSHIBIZ L DM EINTEPG-MF AT Y /N7 EZFER L, BlE/Ny
77— (150 mM NaCl, 5 mM CaCl,, 10 mM Tris-HCI, pH 7.5) T¥#i{b L 7=
T =27y O—AHF A (Honen Corp., Tokyo, Japan) {27 751 L
7o PRAE/N Y T v = TURI L 728, DHiG/N 7 7 —th D CaCl,%22.5 mM
EDTAICIE EMATZBMNY Ty —IZL O A S LTHG LTy DNV E ZEH
L7z. ERBMDBIOHESWAFOY /N7 E%E ) 7 0 OERE TS &,
10% SDS-PAGEB IO INA DT T T 4 —IiZ X DT L7z,

RIGEICTEB S # /= GST-EELCHA & > /X7 B 2R, ZOWIED0.5



mlZ B4\ 7 7 — (150 mM NaCl, 5 mM CaCl,, 0.05% (w/v) Triton X-

100, 10 mM Tris—HCl, pH 7.5) TE¥#{t L7zl mlO 7 2 Fa A -7 HO—
AN T Sigma) I7 7 T4 Uiz, 5 mlOBAE/NY 7 7 —THE L%, B
1HINy 7 7 —hDCaCl,Z2.5 mM EDTAIZE WA 2w i/Ny 7 7 —IZXKD
NI LTHFEE LY NI EEEI Uiz, &Mz (0.5 mD ZFEUXL, IEFEE
5> 3B K EEA TSN DN T10% SDS-PAGESB K RREAIC K D 4 L 2.

5 FH 8 & 2 BR

FRTINTI, "I AT7xU >, JxFafBL7> 707 cFa
A1 2FSigmalll o b O E Wz, T4 T ax s F AT U MENSE S TF -
BEOANNY T T4 ZF 44—V ORI T T 4 —ICX ORI A7), ¥
HGSTZPUR & LTI AHGSTHUE ZF R L 7, BRA7aBESY XV ET
Y6NRIA T/ OFA Y —TL— O )V EHE L. BSAZHWTT Oy F >
TUH. MEERZUTOLII T/, T IVIZ[PSIAFAZUFEHEN
TV BRHEHGST-PG-MF A T4 > /N7 H DI (0.05% (v/v) Tween 20, 1%
BSAB LS mM CaCl, & TBS (150 mM NaCl, 10 mM Tris-HCI, pH
7.5) Z50 un A, 20k > FaX—- b L%, D x)bZ0.05% (v/Vv)
Tween 2035 & U5 mM CaCl,LZzEOTBST 3P L. KW THIE L7ZGST-
PG-MFASH NNV EZWEEE 5720, 7 x)VIT50 uld 1% SDSYEHRE Z 0
Zv 30 > FaN—hF L, BT )V OBEBOBNIEZB®HS > F L —
2aho 2 ffio THE Lz, HEERTIEHI00 nmMOEREE, £ LT
a2 hO--)VERTIICACLOMRD D 122.5 mM EDTAZ L5t O KR IZHED
L7z #EHEBIITXT3MT DT>z, KIBWICIEBI S ¥ 7=GST-EELCRt
BY NTEEHWESGS, Do) VICHE LGS NV ERER T AN
GSTHIULE B KO/ —F F 2 & —EEEEHT v 7 A1gGHifk (Cappel, Durham,
NC) Z > THE L 7=,
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VoF>T7ay b BIUEZEORY X7 EOT7 0y Y vEA

=0 DUBEFICEET DY N E ORI L I F TR T B Nt E L
OF Ty MOHHZ L 0N (18). L7 F O BRUHIL 7 F 2 Himigid
Sigma#l Db DZEF 7z, 72720, HIRCA IFiIMEIZE-Y Laboratories, Inc.
(San Mateo, CAYWNSMEA L7z, FEAEBRS230 =7 MU BEFOSDSHliti 2
10% SDS-PAGE T/t L 72 W TCBB# A D DW= b Ot)lo— AfEA
DTy T4 2T ETo 19, K TIVBEORERZT Ty b SN
FEALER (25 mM 1,80, 80 C, IR Ik D fT-o72 (19), T> R-p-Zya
%5 —+ H (Streptomyces griseusm#; Seikagaku Corp., Tokyo, Japan) &L
BRI 250 mU/ml (50 mM &7 T A8/Ny 7 7 —, pH 5.0) DFEFEHKIT37 TT
YORRIRRT Z &L D727z (19), TDR, IRENWANWASR LT F XD
REOLU

PG-M®D 71 )V F 2 )VKEIGTEHE D L 7 F AGVECK T D IBEERNOES > /XD
BUARZ2TOy b7 vEAICK 0N, il ERBRICEEF O
ENDHY NI EE10% SDS-PAGEICE D 2#EL ., = b o)l o— XAl
HL, 3% BSAZMWTTOyF > LEE, Bz0.05% (v/v) Tween 20,
1% BSAB LS mM CaCl,ZzZ O TBSH THWGST-EELCRl & & > /N7 &,
X APIGSTHUME B LU/ —F F 2 & —EEERTI~ U A1gGHifs ENER IR
W7z, BEOBEHEZ0.05% (v/v) Tween 208 L U5 mM CaCl,z2Z LTBS %
HWTHro7z, 22 O J)VFERTIEGST-EELCRAlG Y > /X7 EDORH DI
GSTZH Wz, MHIEIIECLAIE > X5 4 (Amersham, UK) IZX Do 7z,

[FERIZ, 74700 F>0Lr2F 7Oy Mtibfroi, 7% SDS-
PAGEB LU T Ow T 7%, WELIFTRALZ, O TIVEDOBRES
KO R-B-7 1 aT¥—+ HUIT Eid ERERICTT o 72,
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COSHNBIZBIT HPCG-MF AT H NI E DI

LA, NWIGST-PG-MF AT ¥ > /878 (Fig. 3-128) 22— K75
CONAWTH Z ML, BHIaFEII Y ¥ —Tdh 5 pcDNAI/NEOIZH AIA A
2o ZOMMA T I 23R (pSPGM-C) % A L 7=COSHNNZ[*SIA FF =
TR Uz, DWMENTFATY N EEEE LEMSHERIL, SDS-
PAGEEZNA DT T T 4 —IZ&LDHHT L7z, pSPGM-C%iE A L 72COSHIN
TRFATY NI EOHESF i & 3T 264 kDaDKE S DN RHER
»oNzH (Fig. 3-2, L—22), 22 ba—J)LOHINTIIZDX D7/N > Rid
Renmoiz (L—23), TOPG-MFATH /NI EITIINEEABESH D
FEAMATREIREALAY | EITEIET 50, SDS-PAGE T3S Nic X 2 8
EOLERIIRDONLN o7, Ko T, TOFATH /X7 BEIZITFERIZAM
INTWiRnEEDbIS,

TN —=A-TIT A4 T4 —20OAX T TT 4 —
COSHIIUIZFEBLE B 72 PG-MF A T & > NN E OWFE BEEZ RIS 2 b—
A-277yO—AZEZHWETY T4 ZF4—20OX TS —IZ K DN,

PG-MF X 5% 2 X7 BEI3 TV MEFEEIT T T LTHEE LTz (Fig. 3-3).

PG-MF A5 5 NI EHDOHEL N7 BB\ DS

MIEMNI SN TVWDE T AN F U HENIHZA T 5 4 fOEY > /04
(ARTNTI>, 52TV, JxFa(rBLO7707xFa
A 2) ZRAWZBEMBEERICED. PG-MOAIVRF D IVEREEEOA ) I
PESHICH T 2O 2Nz, FTRTINT I FE Y ) —ABEH &
GP-1I-B (20) BLUGP-TII-C 2D 26N 5 K D R BBE# 25> T\ 5,
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HABR GAG EGF Lectin CRP

—F VAP P TTT | I | I | - I I I I I {7 71— PG-M core protein (3562 aa)

T T T | S F—  GST-PG-M chimeric protein (568 aa)
t-PA SS GST

Fig. 3-1. Schematic representation of structural domains of the PG-M core protein
(top) and a secretable GST-PG-M chimeric protein (bottom). The domain organization
is indicated by boxes as follows; hyaluronan-binding region (HABR), epidermal
growth factor-like (EGF), lectin-like (Lectin), and complement regulatory protein-like
(CRP) domains. GAG, GST, and t-PA SS represent the glvcosaminoglycan-attachment
region, glutathione S-transferase, and tissue-tyvpe plasminogen activator signal
sequence, respectively. The number of amino acids (aa) is indicated in the parentheses
in the right.
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Fig. 3-2. Expression and purification of GST-PG-M chimeric protein. COS cells
transfected with pSPGM-C and control COS cells (transfected with pcDNAI/NEO only)
were labeled with [**S]methionine and the secreted GST-PG-M chimeric protein in the
conditioned medium was purified by affinity chromatography on glutathione-
Sepharose. The purified chimeric protein and total proteins in the conditioned
medium were precipitatec with trichloroacetic acid and visualized by fluorography
following SDS-PAGE. Lane 1, total proteins in the conditioned medium from COS
cells transfected with pSPGM-C; lane 2, the purified GST-PG-M chimeric protein
secreted by COS cells transfected with pSPGM-C; lane 3, materials from control COS
cells.
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Fig. 3-3. Binding of PG-M chimeric protein to immobilized carbohydrate in affinity
chromatography. The purified, [**S]methionine-labeled GST-PG-M chimeric protein
was applied onto a lactose-Sepharose column in the presence of Ca* and eluted with
the elution buffer containing EDTA. The unbound and bound fractions were analyzed
by SDS-PAGE followed by fluorography. Lane 1, unbound fraction; lane 2, bound
fraction.
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R 7x1) > (22) 1 3AD AP UBEHE 1 AD = AR GRS
BB, 7o FaAa (23) 133 A0 =ABEETNE{ & 3AD LT 2B
PRioTWb, 7707 2F a1 37 xF a1 ne Iy 7IVERERELZ
LOTHD, NSO NI THE LA 70545 —TL—bDT
CSIAF A Z RIS NTWBPG-MF AT NI EEMA, Ca¥H 5
VIZEDTAGTE R TRIG S iz, Pk, Do) LITHEL TWaFATH N
7B mEWE Uiz, T O#UL. R?M#%7§/AbnMﬁW/@Aﬁf%
BES N TEUTHEG L. @< > /= Z PRI R K 0 B SRS
ZEWERItEE R T e e MmETRo - (Fig. 3-4A). £z, JxFaA
ST BEREE T > 7 a7 2 F 2 AT S EIEITIE E A EENTE
WZEMNS, PTIVBIEIORBICHEOHG L THWRWEEZLNTZ, IO
PG-MF A 5% 2 /N7 EOHESY 2 X EADOFEZIREKRANTH O FEIE
MUY > 87 B TIRENTNL0 pug/mIDIRE I BN TRRKDHEAMNES
N7z (Fig. 3-4B), &» T, BRI N STMOMHITT 2B OBE NI,
W8S 2 87 B ORISR DEICE 2 5D TIIRWE BDbITz, WA
A7 BRI T B R D 72012, FATYNIEDT 2 F a1
ANOFEBEIZ DWW T E RS Z17-> 72 (Fig. 3-140), ZD#54., TOPG-MF A
S5 NZE -7 A= ARN-TZFI-D-Z ) AHI > L0BD-HIF7 b—
ABLUID-7 > /AN L THWBIIME 2 RT 2 &Moo, B2
I RIGENC T S/ /2PC-MA T & > /X O F)VRF 2 )L RIGHIE D S5O
BORERALT 50h g 2 LRI 22 [ Ak U 72 Bk 97 2 B % & BRE EBRIZ & 0 Tz
M (12), SO, ZTO/RUEIZEFC TH -7z,

PG-MFRASHNIBEDT 4 T ORI F NDHG
KDV A > LT B IR0 Bl & LT, IO kY v 2
ADLHEIHES >N ATHE T 4 T OFS F > ORI EPC-MOINRF >
LA BEAEE D DA LA 2 AR RN, Sl OERICHWS 7 4 TOR
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Fig. 3-4. Binding of PG-M chimeric protein to N-linked glycoproteins. A,
microtiter wells were coated with various glvcoproteins at a concentration of 50 pg/ml
as indicated. The purified, [**SImethionine-labeled GST-PG-M chimeric protein was
added to the wells, incubated, and then washed. The residual radioactivity was
measured. The reaction was performed in the presence of Ca** (closed bars) or EDTA
(open bars). The values are the mean +SD of three independent experiments. OVA,
ovalbumin; TF, transferrin; FET, fetuin; AF, asialofetuin. B, concentration dependence
of binding of PG-M chimeric protein to N-linked glycoproteins. The PG-M chimeric
protein was incubated in the wells coated with increasing concentrations of N-linked
glycoproteins. Binding assay was carried out in the presence of Ca®" as described in A.
The values are the mean of three independent experiments. The data point that
showed the highest binding was taken as 100%. @, ovalbumin; O, transferrin; W,
fetuin; [J, asialofetuin. C, monosaccharide competition for binding of PG-M chimeric
protein to fetuin. Binding assay was performed in the presence of Ca”™ as described in
A. Competing monosaccharices were present at a concentration of 100 mM in the
reactions. The values are the mean =SD of three independent experiments. No, no
addition; Gal, D-galactose; Man, b-mannose; Fuc, L-fucose; GlcNAc¢, N-acetyl-D-
glucosamine.
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F ORI EMRB =Dy F Ty MMk E{1ro 7z (Fig. 3-5A) 7 4
TORTFUR2ADRYRTF RNSREIEY R 7ETHD, ThoDYy
T2y MZZBIRMA T 54 2 2 I K0 ES DR 52O FROFEE
THIENMMOSNT NS, FHIDIFEAE LT AT F BT TdH 208,
—, AF MBI H AT B, S OFEHORSEMMIZY T« T 0
FTF BV THELLHARNSNTHEO, kbW 712y hTRY I /M
5399, 497, 511, 816, 976, 1213BKU2168DALIEIZT A/NTF >
FEAIBEHIET %, F, 2124BRKU21250 E 50, HDHWIEF LD
DL N TF BN EE T 5, T T « 7O F A BT ABMES
PR R > T (20, Con AW T7 4 707 F > ERURL,
T2 R-B-27Y a2t HUN ZTT > TH IS Uiz - 7z (Fig. 3-
BA, L—22BXU3), RCANIZDT7 4 70x I F L ERIEL, T IVED
PRI D ZORIGMEEE 572 (L—24B X U5), PNAIZZD 7 4 70X
FERIIEAERKB LN TN, YTIVBZERRELZLE. RWOY
TaAZy b ERKIELE (L—26BLUN. Con AldFEIZHT >/ —AMB
SV ZARFE GO T 287 F G HPEUC RS L (25), T2 R-p-Z7U 2
DT HIEE Y > /- A B KRNI Z 0T % (26) Z&Asn
T, RCA NFGalBl-AGIcNAc-HE A5G L (27), PNAILGalpl-
3GalNACHESE EFAT 5 28), LF 70Oy MMHofREFERLIZL Y
F o ORERRIEN S, AN T 4 70X F R INETIWMEEINT

5 E DI AR GO AR E L F I Z R > T 5 2 EHER
N7,

T A TORTF T LT 2 IVANDPG-MF AT H N7 E DA % i
NFER PG-MO 7% 2N EOH VR F 2IVREEEE )V >0 MMEERY
27 4 7% FORBUIHATHEWD ZEMRP 6 M &> 7z (Fig. 3-
5B). F£/2, D-H IV h—2&D-T >/ —RAld, BEFEUCEEICZOHEZM
LT,
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Fig. 3-5. Binding of PG-M chimeric protein to fibronectin. A, fibronectin was
electrophoresed on 7% SDS-PAGE and its oligosaccharide chains were investigated by
lectin blot analysis. Lane 1, CBB staining; lane 2, Con A; lane 3, Con A (after treatment
with endo-B-glycosidase H); lane 4, RCA I; lane 5, RCA I (after removal of sialic acids);
lane 6, PNA; lane 7, PNA (after removal of sialic acids). B, wells of microplates were
coated with fibronectin at a concentration of 50 pg/ml. Binding assay was performed
as described in Fig. 3-4. The reaction was carried out in the presence of Ca** (Ca™),
EDTA instead of Ca®" (EDTA), Ca** plus 100 mM D-galactose (Gal), or Ca®* plus 100
mM D-mannose (Man).
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KIGEIZTEBLE B 2GST-PG-Mi 3 & >N 7 B D #56 R 5tk
COSHINAM 5 NI NTZPG-MF AT 2 /X7 EH ERGRICHEBE S €72
GST-EELCHlG % > NI BIZEB S &IV T MEFIZ T = F a1 > Eff
B L7 (Figs. 3-8 X UB-6), F/z. [WAHEGIMIC I DT FER, BHEE
Kﬁ?é%ﬂ%@ﬂﬂ%mgmtﬁwawto&W{ME%%&)N&E
DA RTIVT 2 o AOFEEITIERITY EMFE IR TIZMET S5 ZEMNT
ZN57 GEIIT R L TWEY), ITNH5DZEMNS, PG-MOAIVERF IV
KIMTEIZ DWW TIIRIGE D D WIZCOSHILD EB 5 THRISIHETHTNS
DOFEEREIIENICHIEIL TWE EHF A NIz,

SO MY NCGEICHAET B PC-MOBEY X7 A 2R

FEEBRME23D =T N ) WIS B0 Y /N OB E W AW BTa L
DF RS THR, 5270y M7 v tEAICKDGST-EELCRIG Y > /X
B EREET Y N E ) H Y RERKLZ, GST-EELCRIES > /N7
NI 2 WA R TIRSERN DO WL DM OREY > /87 B &G Lz (Fig. 3-
7, L—26), 10 kDaBXU33 kDam 2 DD LYy > /N7 E ) H >R
(GP-40B L UCP-33) 13, il & &2 TIVEDR KBRS PNAERIEL
(L—24BELUE), GP-3313E 512Con A (L—22) BIUT TIVEEEREKEIZ
RCAI(L—23) &bELiz, /2, T2 R-B-rJUaly—t HULEEZL
THGP-330Con A& DRUSIEIRZ L Linh o 7z GERIIRL TWian)., Lp
L. GP-1A0BXUGCP-3313 £ B 5 HWGA, SBABKXUE-PHA& IS LTE
Mo 7 GERIZAR L TV, Table 3-1LIZGP-A0B L URGP-33D L 7 F > &
K ZEE LD, TNSOFEN S, GP-40B X UIGP-331F & BIT K
2 TIVEE D72 GalBl-3GalNAC-HHEZ AT 2 LA F 2R ZFF > TH D,
GP-3313 & SITHREHT O T IV D & 5 “ARBHEA DT A/ T F 2GRk
BAGLTWAEEZZE5NS (19, GST-EELCRIG Y > /X7 EODH DI
GSTZMWED > hO--)lo 70y Y vt TINS5 ONY RidR 5N
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Fig. 3-6. Binding specificity of GST-PG-M fusion protein expressed in bacteria. A,
the purified GST-EELC fusion protein was applied onto a fetuin—agarose column.
After a wash with loacling buffer (5 mM Ca®"), the column was eluted with elution
buffer (2.5 mM EDTA). Fractions were analvzed by SDS-PAGE in 10% acrylamide.
Proteins were detected by silver staining. Fractions 2-4, fractions collected in the
presence of Ca®"; fractions 14-16, fractions collected in the presence of EDTA. B,
microtiter wells were coated with fetuin at a concentration of 50 pg/ml. Binding assay
was performed using the GST-EELC fusion protein as described under "Materials and
Methods." The reaction between fetuin and the fusion protein was carried out in the
presence of Ca®* (Ca®), EDTA instead of Ca®* (EDTA), Ca*" plus 100 mM D-galactose
(Gal), or Ca®™ plus 100 mM D-mannose (Man). The values are the mean +SD of three
independent experiments.
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Fig. 3-7. Potential glvcoprotein ligands in chick limb buds. Glycoprotein ligands
for the carbohydrate-bincding of PG-M in chick limb buds were investigated by lectin
blot analysis and blot assay using the GST-EELC fusion protein as described under
"Materials and Methods." The arrowheads at the right indicate the positions of two
major potential glyvcoprotein ligands (40 and 33 kDa). Lane 1, CBB staining; lane 2,
Con A; lane 3, RCA | (after removal of sialic acids); lane 4, PNA; lane 5, PNA (after
removal of sialic acids); lane 6, GST-EELC fusion protein; lane 7, GST.
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Table 3-1
Summarized results of interactions of the 40-kDa and 33-kDa glycoprotein with lectins

Lectins
Con A Con A (Endo-H)®» RCA1 RCAI(-Sia) PNA PNA (-Sia) WGA SBA E-PHA
GP-40¢ - - - - + + - - -
GP-33a  + + - + + + - - -

+, Binding; -, no binding.

4 GP-40 and GP-33 represent the 40-kDa and 33-kDa glycoprotein in chick limb buds that interact with
the GST-EELC fusion protein, respectively.

b After treatment with endo-B-glycosidase H.

¢ After removal of sialic acids.
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Mol (L—27), TNHOFRELD, U MY FICHEET D5 TEONSY >
INTEDNPG-M®D VIR F D IVEKEEHUED ) T RTHH EHEZ5N5,
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F2ETIE, GSTRIAY 7 EE L TRIBRICHEB S E/ZPG-MO T ¥ >/
INDE D FIVIRF 2OV A, (GST-EELC) A3E @b TN/t L THIb
S LMMEEICHAET B Z E a7z (12), PG-M® A IVIRF 2 )V K b sE s
D-X>/—A, D-HIP b—A, -7 A —ABXUVUN-7EF)I)L-D-Z)LaY¥
SOERG LR, LML, ZOMEBY DT ENEROPG-MOT & >IN H
DIEHEERFEL TN EIHBAITH D, T I THE. PG-MDAIVRF
SOVERGHTE ZE P WNGSTF A T4 /87 E L TCOSHIBIC B, &
DAY THERUT KT B fE G R IE 2Tz,

U 7ZPG-MF A58 DXV E IV 2 LFHE N TS > /N7 EREH D
HTIIES RS IR <FEB L. T OREIZN AN AR HPEFHIC KX O HE
N7z (Fig. 34, #EDIIIV T T MEEE E BT KD HEFRL. ZO/G
{EIEDPG-MD 1)V AR F )V REGTBICFET S5CHL I F U R A 2T K
L5HDTHHEND T EEZRLTVWS, PG-MDOL T F bk RAA 20E, [FIE
FEOBMMETH S b= &>/ —ATHABT 2, —RICTYL I F R
) =AREEG VIO FUEN T NAREE LI F D 2DIIKRHNEN. EBS
DO EMMEZ/RT L7 F iy b7z, Drickamer (29) 13, WA W
AIBCHULV I F 07 2/ BRAZIIRT 5 Z L2k 0, B R A1 > ND
FrEDT 2/ EMNGIU-Pro-AsnTH D ELEE~Y 2 /) —AfEEETH O, Gin-
Pro-AspDEEE T 7 h—AfOEERD I EEZHWELZ, S5, TN

R/BEOT<ERIHET DTl E T ) 22Uy FRRELAINH Z 2

h—ZHEG BT 2HFME SR EICE S L TWB Z EBHE MR 72
(80)e PG-MDL 7 F2Ek R AA NIH T2 b—AFEEEOPERTE R A1 21T
R 72 GIn-Pro-Asplie 5| &> TW BN, ZIUTHET 2 TrpiiL & 7 ) &
Uy FREMNIHFFELEY. £ T, PG-MOL I FUERAA NIH S
F=RAZF TR —ARBBNEZHTHEDOTHAS D, EIAMN, I
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507 2 JBEESNCEAL TIEIPG-MO L I F B R AL > ERICHEZRFEDY
TORDLIFARRAL E, WABWBRAHOREEFHETEDSE NI A
TIELL TWaED, PG-MOL I F AR AA > EFBD, 2/ —AKD
ORI H T M—A LT D EREINTNS (31, 32), ZDEIIPG-
MET 7 U7 OMOLDOREEDENICL S EEZ 5N,

7 4 T AR F ZEF O FEREEER AL O F R MIENA T N U v 7 AR5y
THO (7)., £2, FHULEPG-MIZT7 ¢ 70X I F 2 EFET S (B)e =T b
DIBEFICHEIET 27 4 70320 F 2 ORSHOMEIZEZ D> TWRWA, &
Noid. BESMLOTYFELDH 5 VI D 7 ¢ T ORI F 2 LRI, FEIZ
AR TH A S, INHOT—INSTHINDE LS. PG-MDOAILR
F VKT AN D MRERIC T 0 70X F 2 OB EFER LT
(Fig. 3-5B). 4O A IBRIIIHBUREN L <RI N TV BT MmBET ¢
TOxIFrEMOE. TORRENS, B2 TRREANT T OTF
V)R (12) EEBMCT 0 7O F B EEICBITAPG-MO U H > FD
1DTHBEEAGND, £z, P2THT7IV—DAN—THBT >
T2 3T N EEE DM FAEHE AR 2 T EAWME I NTHBD
(B33, ZOTOFFTVADNND BB I NEENEEI N TS A
F PEIAPG-MDO L 7 F bk B A1 2 EHBEAERL TWS ETREN DS,

PNAKSEMED 2T N U BEE ORI FSAk R ALIC R RPICRBIT 5 2 &
MAISINTWDS (13), &lal, 7Oy K7 vEAIZKDPG-MDOAIVHRF T IVE
SRR AN T N U RN O R E OPNAR B S F BT ENHE M E
75-o 7z (Fig. 3-7). Z OFAMEMIIBEE OM AR ICE S L Tnasrdb LN
IV, EBIZZD FUIRDB-D-H T b REEGHEL 7 F 2 E Mz e
T2 ZEMMEINTND (14, TS OBLGITHNNNE T O BESHER I
DNTWBEEEDNS, HEWEESNZPG-MEHAT BPNAKATES T
flast< b w7 2H2WIEAINNEKRNODFTHZDNE D, £z, FFEH
BRI R ST I LT S PNARS B D T- S —TH L DN E D M ERIE
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T2I2ld, cDNAZ O—-Z 2 72 ZVI S RLMANLETH A D,
PG-MiZa > RoA F Ui zes, S8ia7y > N7EHIZde7)va
CEFE MU, EGFEER AT >, LIF R AA D BIUOCRPER R A >
MFAET B EHEER D T TH B (8). PG-MD A > RO F e ST MNE £
EEEEZRHS,. ZHUTL 0in vitroll B TIRE /MEZEET 3 Z &0
HENTWVD (1), PG-MIZT 2/ KEEIBIZHFET 5 &£ 7L 0O >Rk & i
ETNIVIRF DIVREHEBD L 7 F bk R A BT 246 %20 LTRSS
by ZOMERGEICEE XN D Z &L 0 IR ORGSR R T
R MU ZOMPIZE LS L, £/2. 2032 ROA FUOMBEHOEEZRD
TWBDEAD, ZOWHE, e7)VOXEE, 74 TJORTFIREDHS 2N
DEBLXUONNG M7 OT74 270 i ENPG-MOEHE L THEREL T
W EEDLNDS, oI EnS, MERMEEEDHEAHIIXS L7 F >
PR AA > OMFEMEEANDT 525D, PC-MOFDWNA WS IEHENTRE
MEEHIEL TWS EEZ 55,
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PG-M® #71)L R F 2 VAR EBUTIIEGERE R A >, CBIL 7 F R R A A
CBEIUCRPE: RAA INFET D, ZOFEBIEI NIV 7 MEERICHE SRS
T 5, FEL. PG-MOAIVRF 2 IVRIMTAIR O A 1) THESITH T 5 4 &R 1%
EZT MUBEFICBT B U S > REFNRZ, GSTEPG-MOD /1)L R F IV Kb
TIRMN S RDDWHF AT H X7 B % 2— KT HCDNAZFAAATL
DCDNAI/NEOZCOSHINIBIZEA L, TOHE LEN S DM I NTEFATY >
INDE BRI U Tz, MR TaRES 2 X7 BICHT D HPC-MFASF NI H

BB A ERIC K ORI, 2TV 2D AMEFINTE S TR
HICHITR<HEBRTHIEMNWE M ER STz, IBIX T4 TARTF > EDRE
BORWEEINZ, £ TOFATY O NIEERBGEICIHB S E/2GST-
PG-Ml& & > /X7 xR LI ET A, N5 OFEBRRIEIIEWITEBIL
TWe, €L T, GST-PG-MAI&Y >N\ VB xfliofz7 0y b7 w11
0. PG-MOAINRF I IVREHIB EFREET 20 DNDRES > /N7 EMNFEAE
BBE23D =7 MU BERIC W EE Tz,
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M4 =

FATFFATY T ODDNAZOA— 2 T BXIXOFDOFHE

FATFH T T AN T DD S osteoinductive factor (OIF) &
UTHEEENZ (D, D2OEDFATH T 2 2id22-28 kDadfisy > /N2
BTHO., FHHOREICIDI12kDAaDKEIIZR S, ENETIDOFATH
7 2> OCDNAMRHTATTHNTHB O, O FRK Nz 0o0 1> >
JyFYE-RNEFDY O NIEOT7y 2 —THsO4> > yFT7OTA
ST RIU—DAUN-THEIEMNRINTNVS (2,3), E NOFATHY
U2 @8I/ EDTDFRATAT I (2997 2 JBR) ORIOT X/
FERCHI DAREEIZ92% TH D, LML, TOEYFIIERIIEZ D> Tnia
Wo £/, FRAFTF T 2 VIEFPG-LOIZHEINZRT Z ENDMA> TN D,

PG-Lbid43 kDa® a7 ¥ > /87 52 kDada > RO F > /TN L >
WEEEN S RD /N7 OFF 7> THO (D), FEBMRBOZT MY K
D F I B AAFAET DR 72 NE A S b S TR R AN IEEL L T 5 (5),
PG-LbDAEW)FIBMEIIAH TH 5700, EOMEFRFBEH/NY -5, D
DT DIRBIRADEEIRBEIN TS, ZNETIPG-LbDA T % >N
8% 1— R9BDNAZ O— 2N b UIROFLKE DCDNAS A 721 —
MOBHEEEEINTHO (6), MATOFEE. PG-LbbOA > Uy FFO5A 2T
HBHTENRETNT,

ZDFETIE, cDNAMTICLOHEE LERTDADF AT ATV DT 2
FERCAIE /3> T7 0y MEFTICK DS M L 2SO BT 5 Z 05
FOFBUZ DN TIERS,
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BRI L ORSEBR  E

ROAT ) LIFGATIV—DAZ Y =22

FATHTY) 2% D RT LT ZHEET 5720 IIAFKXI] 1295V ™D
AT ) T4 T 51— (Stratagene, La Jolla, CA) 27> DF ATH 7Y >
DERRCDNAW T (X7 L4 F R 708-906) (2) 7 O—T7 &L THWEY
F=INATIIAE—=2a kD AT -2 L7z (6)e TOCDNAT
O—7@dPCRIZE DAL (0. BT O—23A—- IO F T 5T 14—
KO LTz,

DNA BB Bl 51 g i

TN/ O-2NERTADFATA TN 2% 0-—-R§55 / ADNA
Wi ZHEEL . ZNEpGEM-3Zf(-) 7 7 A I KXY ¥ — (Promega,
Madison, WD {Z#lAA AT, HEEL 7247/ ADNAW T OHIERLS > T4 F
THIZKOPELZ R), ZOHHEASZDNASISA > Ea—4—707 I A
(Hitachi Software Engineering Co., Yokohama, Japan) %o THHT L 7=,
Ko, TV DR EPRET S0, Go7es / ADNAOK IR S 2™
SDFATA LT T DCDNARLA & Lk L 7z (2),

Agtll cDNASA 75U —-DERER Y -2 T

TV 2FFTT7H—MEO) &) TAD-EIa—-ZX 7T 4 ZF 14—
ORI ZT7 4= Q0 IZED1I1I-14AH O A ZEN 5 H Y (AT RNAZ
BEEL 7z ZORBLZERVAW RNADNS T LNT T4 T —2HNT
Agtll cDNAS A 75—l Lz, TOCDNASA TS —% LD TY
Y EEE - RT50.16 kbOPCRWi 27 0—-7 &L THWET I — 2
ATVIFAE—2a LAy )= Lk, BEro—-23F—-v52
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FTTT 4 =K U7, fon/=r O0-—->2ODNADEco RIELIZXK D
FAZNTNACDNAK K 200 H L, EiR &REEED T iE THILES 2 e L
7. FOHETE T X J MBS % National Biomedical Research Foundation®

T N—=A %o TMDY NNVEDT I /RS &L 7z,

J =87y b

T ZDOBFHEL DR U (A)T RNA (Clontech, Palo Alto, CA) ©#%2.5 yg%
FIVATINTE K-0.8% 7 AO— A7 N TEKIKI L., Hybond NTA> T 5
> (Amersham International, plc) IZsE L7z, YU ADF AT IV 2%
A-—-RF31.3KkbOcDNAKI /{7 O—-TEL TN TUSFAE—-T 3l z{To
72 (42 °C, 50% TV LT 2 R, 248D (11)e BENWT AT 5 2L (156
mM NaCl, 1 mM Nal,PO,, 0.1 mM EDTA, 0.1% SDS, 65 C), —hrF
FTIT4—%1ToT

VYT Oy MRdr

Bglll., Hind Ill, Kpnl, Pvull., Sphl® 5 WidXba I THLLIZ T AD
7 7 LDNA (Clontech) ®&2 ug#0.7% 7 H 0— A7 )L TEKIKH L .
Hybond N A > 75 2iCiizF L7z, Lid?0.16 kbOPCRWiF =70 —7& L
TN TV A~ a3 %757 (42 C, 50% RIVAT 2 R, 24K, e
TA>T I PG L (75 mM NaCl, 5 mM NaH,PO,, 0.5 mM EDTA, 0.1%
SDS,60C), A—hrS5TFTI7T 4 —%fr>o7
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FATFATVI > EA-RTBEITAY ) LADNAY O — > OB & MR
DIOFATF T D—i#E - KT 50.2 kbDARcDNAW A (Fig.
A-1AZBIR) 27 0—TIZHWTIY DAY ) LIA TV —A T U—Z22T L

AR, 183 kb O— A I Nz, OV O— > OEBEEHIZRTE L.
REOQD—fti 2>/ 5, 159X T LA F RINSKRD T > OEFIEMN
R X N7z (Fig. 4-1B),

RIADFRATA LT %2 — RTSHcDNAY O— > O Hff & fRor
RIADAATATY 2 VO 2D 1 DIZHINT 50.16 kb®D
PCRWiH Z 70— TIZHWTIY D AR ZECDNAS A TS5 U —%2 A7 U —22 T
L7z, 507 n0-—- 2 EEEE N2 AmOG1-5), AmOG3D-1 ¥ — b
DREZIZLIKDTH O, HIRREFFEIK 2 S U THIATHER, ZHUIALD 4

DO O—>2DA Y — kDNAZTRTHATWDS Z ENDho Tz,

AmOG3 DB &FDHiE 7 2 / MEBELF ZFig. 4-21T" T, f+517z
CDNADE 131,268k TdH 0, 34,0100 T EEFFD2987 I / FEyRIELM
SRDY N7 EE D RTH894X 7 LAF ROFAWMORE 1 DEFL,

A0 RO EROEIENE S T FINRTF Y- OUWILEEEZZSNDE
PEDFEPRD T 2 /R INTZENTNKozakDIL—)b (12) EHeijne (=3, 1) D
=)V AN L < UTIEE>TWD, T FIVRTF RIIL8Y 2 J BEFkHEM
kb EEBEZ SN, Floo VAT F RGP ORI RERERALAY 1
HRTEAET 5 (Asn®™) (1), EHREYTADFATA T 2 2AE T ) a3
J 7)) 5 DS D RHEZR O Ser-Gly-Ser'® & 2°Gly-Ser* O R F N EE T
% (15-17), LU, £Nsid 7Y ad 3/ YA #HO#aIIOwWToa >
YU AEFITH B Ser-Glv-Xaa-Gly ST 2T —H L Twiaw (15),
DADFRATA TN R bBELUVT S DFATF T iz L TENT
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Bovine osteoglycin cDNA

708 906
- I 2 - 4
e -
3 5
. —_——  ——
First PCR 4 6
- -
1 First PCR
——
—
6
Second PCR
0.2-kb fragment
B Mouse genomic sequence
ttttgtctcttaatttagAAATGCCCAC——-—-—— GCAGACATCGgtaagttt
AAATGCCCAC—-=——-— GCAGACATAC
690 846

Sequence of bovine osteoglycin cDNA

Fig. 4-1. The strategy for PCR-based gene assembly (4) and an exon sequence of
the gene for mouse osteoglycin (B). A, PCR-based gene assembly is depicted (7). The
0.2-kb bovine osteoglycin cDNA fragment (nucleotides 708-906) (2) was constructed
from synthetic oligonucleotide primers by the two steps of PCR and used as a probe
for the screening of a AFixII 129SV mouse genomic library. The bold number indicates
the nucleotide position of bovine osteoglycin cDNA (2). Horizontal arrows and bars
represent synthetic oligonucleotides and PCR products, respectively. The nucleotide
position of each primer is: 1, 708-753; 2, 739-783; 3, 769-814; 4, 800-845; 5, 831-876;
6, 861-906 (2). B, the sequences of an exon region of an isolated genomic clone for
mouse osteoglycin and the corresponding region of bovine osteoglycin cDNA are
shown. Identical nucleotides are marked by two dots (:). The number indicates the
nucleotide position of bovine osteoglvcin ¢cDNA (2). The consensus splice sequences
are indicated by bold letters, and the intron sequence is shown by small letters.
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TCA GTC ACT CCT AAC TTC AGT CAC CTT GTG TCT GCT GAA 39

ATG GAG ACT GTG CAC TCT ACA TTT CTC CTG CTA CTC TTC GTG CCT CTG ACA CAG CAA GCA 99
Met Glu Thr Val His Ser Thr Phe Leu Leu Leu Leu Phe Val Pro Leu Thr Gln Gln Ala 20

CCA CAG TCG CAG CTG GAC TCA CAT GTT AAC TAT GAG TAT GCA ACA GGC AAT TCT GAA GAA 159
Pro Gln Ser Gln Leu Asp Ser His Val Asn Tyr Glu Tyr Ala Thr Gly Asn Ser Glu Glu 40

ACC AAA TTT AGC CAG GAT TAT GAA GAT AAA TAC CTG GAT GGG AAA AGT ATT AAG GAA AAA 219
Thr Lys Phe Ser Gln Asp Tyr Glu Asp Lys Tyr Leu Asp Gly Lys Ser Ile Lys Glu Lys 60

GAA ACT ATG ATA ATT CCT GAT GAG AAA AGT CTT CAG TTA CAA AAA GAT GAA GTT ATA CCA 279
Glu Thr Met Ile Ile Pro Asp Glu Lys Ser Leu Gln Leu Gln Lys Asp Glu Val Ile Pro 80

TCA TTA CCA ACC AAG AAA GAA AAT GAT GAA ATG CCC ACA TGC CTG TTG TGT GTC TGC TTA 339
Ser Leu Pro Thr Lys Lys Glu Asn Asp Glu Met Pro Thr Cys Leu Leu Cys Val Cys Leu 100

AGT GGC TCT GTC TAC TGT GAA GAA GTT GAC ATT GAT GCT GTA CCA CCA TTG CCA AAG GAA 399
Ser Gly Ser Val Tyr Cys Glu Glu Val Asp Ile Asp Ala Val Pro Pro Leu Pro Lys Glu 120
A A

TCA GCT TAT CTT TAT GCA CGA TTC AAC AAA ATT AAA AAG CTG ACT GCC AAG GAT TTT GCA 459
Ser Ala Tyr Leu Tyr Ala Arg Phe Asn Lys Ile Lys Lys Leu Thr Ala Lys Asp Phe Ala 140

GAC ATG CCA AAC CTA AGA AGA CTT GAT TTT ACG GGA AAT TTG ATA GAA GAC ATA GAA GAT 519
Asp Met Pro Asn Leu Arg Arg Leu Asp Phe Thr Gly Asn Leu Ile Glu Asp Ile Glu Asp 160

GGG ACT TTT TCA AAA CTT TCT CTG TTA GAA GAA CTT ACA CTT GCT GAA AAC CAA CTA CTA 579
Gly Thr Phe Ser Lys Leu Ser Leu Leu Glu Glu Leu Thr Leu Ala Glu Asn Gln Leu Leu 180

AGA CTT CCA GTT CTT CCT CCA AAG CTT ACT TTA CTT AAT GCC AAA CAC AAC AAA ATC AAG 639
Arg Leu Pro Val Leu Pro Pro Lys Leu Thr Leu Leu Asn Ala Lys His Asn Lys Ile Lys 200

AGT AAA GGA ATT AAA GCA AAC ACA TTC AAA ARA CTG AAT AAA CTC TCT TTT CTC TAT TTG 6399
Ser Lys Gly Ile Lys Ala Asn Thr Phe Lys Lys Leu Asn Lys Leu Ser Phe Leu Tyr Leu 220

GAC CAT AAC GAC CTG GAA TCT GTG CCT CCT AAT TTA CCA GAA AGT CTA CGT GTA ATT CAC 759
Asp His Asn Asp Leu Glu Ser Val Pro Pro Asn Leu Pro Glu Ser Leu Arg Val Ile His 240

CTT CAG TTT AAC AGC ATA TCT TCA CTT ACA GAT GAT ACA TTC TGC AAG GCT AAT GAC ACT 819
Leu Gln Phe Asn Ser Ile Ser Ser Leu Thr Asp Asp Thr Phe Cys Lys Ala Asn Asp Thr 260

CGT TAC ATT CGG GAG CGA ATT GAA GAG ATT CGC CTG GAG GGC AAT CCA ATT GCT CTG GGA 879
Arg Tyr Ile Arg Glu Arg Ile Glu Glu Ile Arg Leu Glu Gly Asn Pro Ile Ala Leu Gly 280

AAG CAT CCA AAC AGT TTT ATC TGC TTA AARA AGA TTA CCC ATA GGG TCA TAC TTC TAA CCC 939
Lys His Pro Asn Ser Phe Ile Cys Leu Lys Arg Leu Pro Ile Gly Ser Tyr Phe **x 298

CAT CAG TGC AGC TTA TAA CCT AAG GTA CAT GTG CCT AAT GTC TAA AGG AAC AGA AAC ATT 999
AGT TTA ACA TTA CCG TTT TAT CTC ACT ATG ATG GAA GTT TAT GTT TAA ACA AAG TGT CCA 1059
AAA TTG TTG TAT GTG ACT ACA AAA ATA ATC CAG CCT GAA TCT CTT AGT TCA AAA CAA AAT 1119
ACT GTG AAA CTA AAC AGC ATT AAG GGT CTC CTT GTT GTT ATA CCA AAC CAC TAT CTA AAT 1179
AGC ATG CTT TTA CAC AGA CAC TTG CTT GAG ATA CAC CAT TCC CAT GAC TAA TGA AGT AAG 1239
AAA ATT CCA AGA AAT 7TG CAA CTG TTT GT 1268

Fig. 4-2. Nucleotide and deduced amino acid sequences of mouse osteoglycin.
Leucine-rich repeat motifs are underlined and the conserved amino acid residues in
them are shown by bold letters. A putative signal peptide is marked with a broken
underline. Possible N-glyvcosylation and glvcosaminoglyvcan-attachment sites are
indicated with A and .+, respectively. The nucleotide sequence data will appear in the
DDBJ, EMBL and GenBank Nucleotide Sequence Databases with the accession number
D31951.
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Fig. 4-3. Northern blot analysis of the mRNA encoding mouse osteoglycin. Poly
(A)" RNAs from various mouse tissues were separated on a denaturing formaldehyde-
agarose gel. After transferring toa Hybond N™ membrane, the bound RNA was
hybridized as described under "Materials and Methods.” Sizes of the RNA species used
for calibration are indicated in the left in kilobases (kb). Lanes: 1, lung; 2, kidney; 3,
skeletal muscle; 4, smooth muscle; 5, brain; 6, liver; 7, testis; 8, pancreas.
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Fig. 4-4. Southern blot analysis of mouse genomic DNA encoding osteoglycin. 2
ug portions of mouse genomic DNA were digested with six different restriction
enzvmes indicated at the top and then were separated on a 0.7% agarose gel. After
transferring to a Hybond N* membrane, the bound DNA was hybridized as described
under "Materials and Methods." Sizes of the DNA species used for calibration are
indicated on the left in kilobase pairs (kb).
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30® 2 O (7 3/ WAL 86-296) 13PG-Lba 7 # > /X7 E D)L RF
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4-5B), T 5T, INHSD2 DD T-OENTIUGEIET L6 DD AT A >
FRINTTRT LG OMEINEZ R THEBICELEL. Lrd, NS ORI O
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N-I------- F--L--L--L-L- - mOG
N-I--I----F--L--L--L-L- - cPG-Lb
NKIS-V--G-F--L--L--L-L - - hDecorin
N-I--I----- S-L--L--L-L- - hBiglycan
N-I--VP-~-~--- L--L--L~-L-H bFM
N-I--1I9=<-4%~F=--=-= = - L -~-L-LSH bLumican
N-L-~-LP--LF-~----- L--L-L-- dToll
N-L--I--=--F=----- L--LDLS - dChaoptin
N-I--L----F--L--L-~-L-L- - dSlit

Lb E3 MKTFVNIFLGFFIFESVG 1-18

OG METVHSTFLLLLFVPLTQQAPQSQLDSHVNYEYATGNSEETKFSQDYEDKYLDGKSIKEK 1-60

Lb AVPITDTVTYDSEFYDVSLGELPHPFVSAENDQSDQVETEIGTAIPSIIQESYSSAPLTE 19-78

- . - . o O . .
0G ETMIIPDEKSLQLQKDEVIPSLPTKKENDEMPTCLLCVCLSGSVYCEEVDIDAVPPLPKE 61-120

Lb EPEEEASTPKLIDGCS)SAQG(S)GVLVPQTQI.DGLPTCLLCT(':I:.GTT\'/'Q(':DDRELDAVPPLPKN 79-138
OG SAYLYARFNKIKKLTAKDFADMPNLRRLDFTGNLIEDIEDGTFSKLSLLEELTLAENQLL 121-180
Lb TMYFYSRYNRIRKINKNDFANLNNLKRIDLTANLISEIHEDAFRRLPQLLELVLRDNRIR 139-198
OG RLPVLPPKLTLLNAKHNKIKSKGIKANTFKKLNKLSFLYLDHNDLESVPPNLPESLRVIH 181-240

Lb QLPELPSTLTLIDISNNRLGRKGIRNEAFKDLHELQHLYITDNNLDHVPLPLPESLQALH 199-258

- . . - - . (o]
OG LQFNSISSLTDDTFCKANDTRYIRERIEEIRLEGNPIALGKHPNSFICLKRLPIGSYF — 241-298

Lb LONNNIQEMHEDTFCKMRDFSYVRRALEDIRLDGNP ilgiskTé YAYMCLPRLPVGNLI  259-316

Fig. 4-5. Comparison of the amino acid sequences among members of the leucine-
rich protein family and mouse osteoglycin. A, the consensus sequence of the leucine-
rich repeats in mouse osteoglycin (mOG) (aa 153-176) is compared to the following
consensus sequences: cPG-Lb, [chick PG-Lb (aa 171-194)] (6); hDecorin, [human
decorin (aa 115-138)] (18); hBiglycan, [human biglycan (aa 263-286)] (19); bFM,
[bovine fibromodulin (aa 185-208)] (20); bLumican, [bovine lumican (aa 219-242)] (21);
dToll, [Drosophila toll (aa 376-399)] (22); dChaoptin, [ Drosophilachaoptin (aa 888-
911)] (23); dSlit, [ Drosophila slit (aa 182-205 and 380-403)] (24). B, the amino acid
sequence homology between mouse osteoglycin (OG) and chick PG-Lb (Lb). Identical
amino acids are marked by two dots (;). Cysteine residues are indicated by bold
letters. Potential N-glycosylation and glycosaminoglycan-attachment sites are
marked with @ and O, respectively. Dots (+) over top lines indicate every tenth amino
acid.
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