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Cloning of a matrix metalloproteinase ¢cDNA from Scylliorhinus torazame
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Abstract

Matrix metalloproteinases(MMPs) are a group of zinc enzymes responsible for degradation of the matrix compone-
nts such as collagen and proteoglycans in normal embryogenesis and remodeling and in many disease processes such
as arthritis, cancer, periodontitis, and osteoprocess. Genetically distinct MMPs have been characterized and their genes
have been cloned thus far from a variaty of species but not from fishes.

In this study, a mmp cDNA fragment was cloned by using RT-PCR(reverse transcriptase dependent polymerase
chain reaction) from Scylliorhinus torazame(shark), a group of cartilaginous fish, abundant in the coast of Pusan, Ko-
rea. It has 74% base homologue with membrane type matrix matalloproteinase-3 genes(mt3-mmps) from human,
rat and chick, and also shows more than 90% residue homologue with them. In addition, it has cysteine switch do-
main, zinc binding domain(HExGH motif), propeptide cleavage site, and RRKR motif, which are present in MMPs.

This result indicates that cDNA fragment cloned here may be mt3-mmp or its analogous gene cDNA fragment of
Scylliorhinus torazame.
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A = oo T3 &L P T3, o] Eivw dHoH
oA GAE7} o] 23t AXEZHE FAVIAHELS

Matrix metalloproteinases(MMP)< collagen©]t} pro- & ¥/} £0)3 5% AXY7|AAHES HHq)es?,
teoglycan®t #& HE&)7|de] FHPYES alste £a MMP #AA= endothelial £+ epithelial cell& H]F
ot QA RE AFFEY W) TR 249 Fo o] ggF AESNAM LD, cytokines, growth
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factors, oncogenes, 12-O-tetradecanoylphorbol-13-ace-
tate(TPA) 9} 2] protein kinaseZ AL F Sle
EA5d s AP0 MMPE Ba840] e
zymogen FEIE FAJElo] o 10kDa 27|19 ofuixtt
Lujlo] AAHHEA &8 244 =1, tissue inhibitor of
metalloproteinase(TIMP) o <j3 FA&Ao] Azjdch™
2 MMPS] #4591 A2 3719 A3 zincolH,
chaeotropic agent, HOC|, 231318, E@AI plasmin¥}
e 5a 3o o8 EAstg & Yopery

MMP< 7130] w2} collagenase, gelatinase, stromely-
sin Al $F2 TEED?. collagenase= type I, II, T, X}

2 fibrite FAFHE collageniH 71AE AHE3i, gela-
tinasex= A} B o] glon, 7}7] 729 92kDa type IV
collagenaseZ £2]|71% 3= MAH collagen(gelatin) &
¥33l1 basement membrane collagen type IV$} lami-
nin 59 AEY7AT 33 stromelysine A e
AfzA J1AZES s g8 F59 MMPY &
Asto Aofste] Azl Hal9 remodeling?]l F&
g A% & Aoy A U

AE7HA] B mmp’t E2YH 1 7)Fe] d7EH
AR o RN e o} Hud A7 A7 Qlok B EF

o A= reverse transcriptase dependent polymerase chain

reaction(RT-PCR) Wi o2 FEAY(Seylliorhinus tora-
ame)9) M ZRE mmp cDNA Y5E 2439
Nz 3 g

RNA 22|

£ AR A TR ARe A AEA AR A
AR FYsgen APl o837 YA YA
Y3ke 292 dojulo] & RNAE guanidium thiocya-
nate-phenol chloroform FZWH'"& ol4sto st
o} ¥23 1g9 100 €9 D(4M guanidine thiocyanate,
25mM NaCitrate, pH 7.0, 0.5% sodium lauryl sarcosi-
nate, 0.2M F-mercaptoethanol) & ¥ Dounce hand
homogenizer2 #A H% ¥ homogenateZ 50m¢ polyp-
&7t 104 2M NaAcetate(pH 4.0), 10
mé water saturated phenol, 3.6m¢ chloroform-isoamyl al-
cohol(49 : 1, v/v) & AHE ¥i & ¥ T £4&

T T

ropylene tubed

236/ A4 72 3)7|

1-"}% .

A2 - ol E - AdlA - 98]
1027t %8 Ao 1587

o T AEE 1
A

&l
000 gollA 2083t A42estal 45dE A Frd &74
A7

%9 isopropanol$ ¥ 1417 ¢ -20Co & ¥ At
10,000g914 2083t AA#elsted RNA pelletE AUtk
75% ethanol2 F W A& F HA2M Axd F 2md 0.
1% DEPC Hd &F2d 5o ofF 4dd AHgsg

t}.

% RNAY A& 260nmolM9] FHER 2431,
230nm¢} 280nmelA 9] 4ol thet 260nmAIM Y &
FE H7E 190199 AEE FA] AMSAY 70T B
At ARSI

RT-PCR

PCR] AHEE primert: MMPAIA ojml:=it X go| 7}
A 2 BEH cysteine switch domain®) PRCG(N/V)PD
o #l@ste CCI(A/C)GL TG(C/T) GGI(A/G)(A/T)I
CCl GA% zinc binding domain$! VA(A/V)HE(F/I/L)
GHYl #i@3te TG 1cC 1A(A/T/G) (C/TITC(A/G)TG
I(A/G)C IGC 1ACOIH, &4 T3kl AHE3HITh

RT-PCRE ¥ % RNAY 14 65CoA 582k &
2|8 ¥ 254M random hexamer(Pharmacia Biotech,
Inc), 25 unit Monoley murine leukemia virus reverse
transcriptase(BioLabs), 50mM TrisHCl, pH 8.3, 10mM
MgCl, 2 1mM dNTP(2040) & H7Hste] 37ToA 30%
7 WH3AIA DNAE ¥ 934 cDNASSY & 14
LE #3te] golA A5 primer? Taq polymerase(Pha-
rmacia Biotech, Inc)& %4 PCR $ZA|Z]tk PCR 552
DNAZIE BEE 98l 95CAA 1%, primerdt F3
cDNAY Z#E 913 60TAIA 30%, DNA EAo 72T
M 1E0R iiﬁl?'f}%izf%, ol 353 st SH3EY
U 5% AL 1.5% agarose gelol Al AZRAIA E2l8t%
.

cDNA 229 % DNA 7 |AMd &Y

agarose geldl A e]¥ FZAHE2 QIAEX 1T gel extra-
ction kit(QIAGEN) & AH&-3te] A3t pGEM-T vector
(Promega) ol S243Att. 245 & W47 DH5?
g A28k 2249¥ vectors WiZard Plus SV minip-
rep DNA purification kit(Promega) 8 £33, ©]9]



S50l matrix metalloproteinase 37} cDNAS E2Y

47]X ¥ dye terminator cycle sequencing ready reac-
tion kit(PEApplied Biosystem)9} 377 DNA automatic
sequencer(Perkin Elmer)& |43t ZA3 gt

REAIL] A7 IME 2N

Z29YE KR4 G749 AL BLAST/FASTA da-
tabase TZIYS AlRE9 2™ GenBank/EMBL data-
based] A€ mmpfAA GIINEE 43l FALE
ZALSFA )

Zon} g A

AZo)F¢ FE4019 mmp cDNAE PCRE 243t
7] 43t WA o] deidl mmpe HIIXME 5Ad
tjs] ZAFSIETE Fig 12 o8 £F9 mmpo] 71EA<
T2& B o) signal peptide$} zinc domaind 2
€ mmpolA BA M, fibronectin domain 92kDa ge-
latinase®} 72kDa gelatinaseol A Ut 22 7)<
gelatin?he] ZA¥el #HoSHH, hemopexin domain
PUMP-1€ A3 02 mmpEdA #AHE 7RE 7
HEo| ol A Ro g AZEHE EHolrh 22(V) col-
lagen domain& ¢} 1 7]%o] & 4HA UA FoH 92
kDa gelatinased] ZAJ3c}. RT-PCRY primerZ ©]4-d
PE(Fig. 1, 499 F& FADE cysteine switch do-
main® PRCG(N/V)PD%} putative zinc binding domain

domain® MMP7} 8/dstd o) Adse 29|, puta-
tive zinc binding domaine &49] Aot} wafA
ol F Yo S|P3z primer2 AME3l9 PCRE +HT
A FEAOAM BeHe g 27 mmpES F
298 4 A& Ao oFdd.

FEA0)Y o, AFF 89 F RNAS B8t
o] FAA ¥} ZHol|A Fel¥ F RNAY patterns Fig.
2A9] HolFEy gtk o]EZRE DNAS $Asa, F
He] mmp 5o primer§ A PCR 5%8H °F 300bp
|4 900bp Z.71¢] 117] PCR TH(H9} T8 oA
722} 478, 470, 370%) & 2Rtk Fig. 2B TE019 o
27¢ $%¥ PCR 99 & HoF1 o). PCR 55 &
HEL pGEM T-vectord] 2493t 7|2 443}
Atk o] F mmp®] cDNAZ Hol& PCREHS 918}y
t}(Fig. 3).

RT-PCRO o8] 22¢H 3 @ Zoli= 455
bpelw, @71AgE ALY Y 2 §2M HHEHE me-
mbrane type matrix matalloproteinase-3(mt3-mmp) ¢
A7IMGH FAHel 74% 2 7P A Jelster(Fig
3), mt2-mmp, mtl-mmp, mmp-14, mmp-15, mmp-16
g HES 02 mmpdE 50%0149 & FAHE X
% tHdata not shown).

ot MY g Wl FEAol9 RT-PCR ©HS
Az, F, HAMT3-MMP<} 90% o)d9] FUF opn|:=4t
AdE BAcHFig 4). 8 F54o9 RT-PCR HHl=

ol VA(A/V)HE(F/I/L)GHOItF®,  cysteine switch  cysteine switch domain, zinc binding domain(HExGH
VA(A/V)HE(F/I/L)GH
PRCG(N/V)PD
signal a2(V)
peptide ‘ collagen
pro
D’ peptide(s) [ ﬁgﬁﬁain fibronectin 1 zinc’J I hemopexin
20 80 110 175 50 53 210

Fig. 1. Schematic structure of matrix metalloproteinase family® and two highly conserved regions.
g P y eg

The explanation of each domain is referred to “Results and Discussion”. The residue length is indicated under

each domain. PRCG(N/V)PD called cysteine switch region, is at the amino terminal end of the active MMPs
formed after cleaved(arrow for cleavage site). VA(A/V)HE(F/I/L)GH is in the catalytic region and has two
of the three histidine residues that make coordinate bonds with the Zn** atom.
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Fig. 2. Total RNAs and RT-PCR products from Seyllio-
rhinus torazame.
(A) total RNAs isolated from human(lane 1),
shark brain(lane 2) and muscie(lane 3).(B) RT-
PCR amplication products from shark brain. Se-
veral cDNAs(300-900bp) were produced by
RT-PCR amplication from total RNA of shark
brain using the mmps-specific degenerate primers
(see “Materials and Methods”). Lane M indica-
tes DNA size marker(1kb ladder from Boehri-

nger Mannheim).
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Fig. 3. Nucleotide sequence of RT-PCR product from

shark and its alignment with those of mt3-mmps
from human, rat and chicken.
The nucleotide sequence of RT-PCR fragment
from the shark (Seylliorhinus torazame) is compa-
red with those of mt3-mmps(membrane type
metalloproteinase 3) from human(Homo sa-
piens), rat(Rattus rattus) and chicken(Gallus gal-
Ius). Nucleotides identical to those of RT-PCR
from the shark are in gray box. The shark RT-
PCR fragment has 74% base homologue with
three mt3-mmps. N indicates unidentifed nuc-
leotide. Two primers used for amplication are
indicated as ‘*’ above the sequences.

A MT3-MMPE |5 f2ke} ofrliedt Ao FAMR
Ao A

FE9° mt3-mmp frAAY BEEE B FEF
9 257 K9} AFo)A F RNAE F3td & d7lA
Z29% mt3-mmp PCR ©H-E probe= Northern blot&
rgou wesh JehA @tth(data not shown). ©]



EEA0] matrix metalloproteinase 32 (DNAY Z2Y

Human 1 MILLTFSTGR RLDFVHHSGV FFLQTLLWIL CATVCGTEQY FNVEVWLOKY GYLPPTDPRM 60
Rat I MILLAFSSGR RLDFVHRSGV FEFQTLLWIL CATVCGTEQY FNVEVWLQKY GYLPPTDPRM 60
dl':iCk 1 MIVLALSTGS RLDFVSQSRY LFLQTCVWIL CATVCKAEQY FNVEVWLOKY GYLPPTDPRM 60
shark  --e--miees oooeoo oo s e e

Human 61 SVLRSAETMQ SALAAMQQFY GINMIGKVDR NTIDWMKKFPR CGVPDQTRGS SKFHI - EM(IJY 120

Rat 61 SVLRSAETMQ SALAAMQQFY GINMTGKVDR NTIDWMKKPR CGVPDQTRGS SKFNI-RRKRY 120

chick 61 SVLRSAETMQ SATAAMQQFY GINMTGKVDR NTIDWKKFR CUVPDQTRGS SKFNI-RRKRY 120
PR (GVPDQF-GS SIRFSVW(RY

shark  ---ormees cooemeooo mmeooooon oo
st aoRan

Human 121 ALTGOKRQHK HITYSIKNVT PKVGDPETRK AIRRAFDVWQ NVIPLTFEEV PYSELENGKR 180
Rat 121 ALTGQKWOHK HITYSIKNVT PKVGDPH‘RI? AIRRAFDWLI NVIPLTFEEV PYELBVG(R 180
chick 121 ALTGOKWOHK HIAYSIKNVT PKVGDA RRAFDVWQ NVIPLTFEEV

shark ALTGQKWHHK HITYSIKNFT PKVGKLEIH)? AIRHAHJWG MVIPLTFEE! F

Human 181 DVDITIIFAS GFHGDSSPFD GEGGFLAHAY FPGPGIGGDT HFDSDEPWTL GNPNHDGNDL 240
Rat 181 DVDITIIFAS GFHGDRSPFD GEGGFLAHAY FPGPGIGGDT HFDSDEPWTL GNPNHDGNDL 240
chick 181 DVDITIIFAS GFHGDSSPFD GEGGFLAHAY FPGPGIGGD’F HFDSDEPWTL GNPNHDGNDL. 240
shark DVDITIMFAS GFHGlmPFD GEGGFLAHAY FPGPGIGGDT HFDSDEPWTL XNPNHDGNDL

Human 241 FLVAVHELGH ALGLEHSNDP TAIMAPFYQY METDNFKLPN DDLQGIQKIY GPPD(IPPPT 300
Rat 241 FLVAVHELGH ALGLEHSNDP TAIMAPFYQY METDNFKLPN DDLQGIQKIY GPPY 300
chick 241 FLVA VHELI}‘I ALGLEHSNDP TAIMAPFYQY METDNFKLPN DDLQGIQKIY GPPDRIPPPT 300
shark  SLVAAHKLG: ----~---=- -v---m-swm mmoommeoos emmeoooe oooooeeooo

Human 301 RPLPTVPPHR SIPPADPRKN DRPKPPRPPT GRPSYPGAKP NICDGNENTL AILRREMFVF 360
Rat 301 RPLPTVPPHR SVPPADPRKN DRPKPPRPFT GRPSYPGAKP NICDGNFNTL AILRREMFVE 360
chick 301 RPLPTVPPHR SIPPADPRKN DRGPKPPRFP TGDKPSYPGA kPMCmNFN TLVILRREMF 360
shark  -omoroooo mmseooooo emoooooon eeooosreos ooooeeoos oeooooooe

Human 361 KDQWFWRURN NRVMDGYPMQ ]TYFWRGLPP SIDAVYENSD GNFVEFKGNK YWVFKDTTLQG 420
Rat 361 KDQWFWRVRN NRVMDGYPMQ [TYFWRGLPP SIDAVYENSD GNFVFFKGNK YWVFKDTTLQ 420
chick 361 VFKDQWF¥RYV RNNRVMDGYP MQITYFVIRGL PPSIDAVYEN SEGNFVEFKS NKFRVFKDTT 420
shark  --omomees coomnemmso oooemos ooooseooo soeoooooss oooooeoees

Human 421 PGYPHDLITL GSGIPPHGID SAIWWEDVGK TYFFKGDRYW RYSEEMKTMD PGYPKPITVW 480
Rat 421 PGYPHDLITL GNGIPPHGID SAIWWEDVGK TYFFKGDRYW RYSEEMKTMD PGYPKPITIW 480
chick 421 LQPGYPHDL] TLGSGIPSHG IDSAIWWED\ GKTYFFKGDR YWRYGEEMRS MDPGYPKPIT 480
L e e it

Human 481 KGIPESPQGA FVHKENGETY FYKGKEYWKF NNQILKVEPG YPRSILKDFVI GC[I}P'TDRVK 540
Rat 481 KGIPESPQGA FVHKENGFTY FYKGKEYWKE NNQILKVEPG YPRSILKDFM GCDGI 540
chick 481 IWKGIPESPQ GAFVHKENGF TYFIKEKSTG NSTKMLRVEP GVPRSI]J(DF MGCMF’TDRD 540
shark = mrommmmmow mmessooos mmmseoooo soomeooooo meoooooos oooosees

Human 541 EGHSPPDDVD I\/IKLDNTAS T\/ ‘l RK GTPRHILYCK 600
Rat 541 EGLSPPDDVD [VIKLDNTAS RK GTPRHILYCK 600
chick 541 KDRHSPQDD\ DITIKLDNTA S ) R EGTPRHILYC 600
shark  -----ooeon coooooooe oo --

Human 601 RSMQEWY
Rat 601 ASMOEWY
chick B0l KRSMOEWY
shark ~ -------

Fig. 4. Amino acid sequence of RT-PCR product from
shark and its alignment with those of full length
of MT3-MMPs from human, rat and chicken.
The amino acid sequence of RT-PCR fragment
from the shark(Scylliorhinus torazame) was infer-
red from the nucleotide sequence of RT-PCR fra-
gment(Fig. 3), and aligned for comparison with
those of MT3-MMPs(membrane type metallop-
roteinase 3) from human(Homo sapiens), rat(Ra-
ttus rattus) and chicken(Gallus gallus). Amino
acids of three MT3-MMPs, which are identical
to those of shark, are in gray box. The shark
RT-PCR fragment has more than 90% residue
homologue with three MT3-MMPs.
switch domain(# ), zinc binding domain(") and
RRKR motif(*) are also present. The black tria-
ngle indicates a putative signal peptide cleavage

Cysteine

site. Sequences in black box are potential memb-
rane-spanning domain. X indicates unidentified

residue.

© A AHE FEe7 28T B3t AL ojn
AR AAYLE MTI-MMP #3847 uf ¢ & of vy
§7] g9 Aew A9

o] HE MMPs FAAH] TR sggos d4

RACE(Rapid Amplication of cDNA Ends) 9] 15200
2 AA DNAE 2432 lom, YrA 10709 PCR
G g ZALE A8 Fof ik

2 o

Matrix metalloproteinase(MMP)= %4 2 2223}
9 A AAFEF B, dHdo), A2, 2=
%% %9 3¥A3NA collagen®)\} proteoglycan®} 2o
NEY71A e TS Falshe ol (zine) Aol

A7 GF3t M mmpe] FHAF F2YET 1
715ol G0l gAT ofF oM ArAHIL Bu
a7} Qlok B AFedX e 5] Raricly ge dF
olF SEAol(Scylliorhinus torazame) 2%E] RT-PCR
(reverse transcriptase dependent polymerase chain reac-
tion)gl Y02 mmp cDNAY YHE FEYFATL o]

& 71NN 17 1 $ H9 membrane type mat-
rix mata]loproteinase-S(mt3-mmp)-4 A7IMEH 74%
FYHEE Ko, opr| N EAME 90% o449 T4
& 7t 9ok E¢ MMPol| YERS= cysteine switch do-
main, zinc binding domain(HExGH motif), propeptide
cleavage site, RRKR motif & 7FAxz 9tk

oj# g ARZHY & AN 22'9¥ RT-PCRHH2

TEZY mt3-mmp EE ol FARE F349) DNA
ojg} oji}.
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o] =& vyH AN AT FIFAEFATARY
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